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PENTAERYTHRITOL ~ESCRI1 PT 1 O N5 Field of the Invention This

i nvention concerns a process for the preparation of pentaerythritol,

corrpr n| tial steps of: [a] reacting formal dehyde with
acet wmm gl ve pentaerythritose; 10 and subsequent reaction of the
pent vm th formal dehyde and_spdi um hydroxi de, to give a solution

cont ai ni rT@OO@é'nt aerythritol; and [b] acidification of said
pentaerythritol-containing solution with formc acid; said steps [a] and
[b] being conduct ed PROCESS eI OMHE mshAkaHolﬁosupmmBafnﬂmva dehyde
(CHxO), sodi um hydroxi de (NaOH), acetal dehyde (AcH) and form c acid (HCOOH)
and at the end of said steps the faqorne e‘pt rythritol -containing solution
being drained to a buffer tank be@%—@a-%a&-ﬁ—ﬁgféag er than that of the
reactor, new reactions and a new acidification 20 operation being

successi el yrreldidf athad 1hres@ich reactor by fresh supplies. The nmanufacture
of pentaerythritol has been known for nany years and, as stated in the

above paragraph, is based on the reaction of fornal dehyde wi th acet al dehyde
in a basic 25 nedltis nyent dphregncesinse dpBIRads forthe pagearaipn of

obt ai ned in pleatpsogidasitoAs ebigdtigingagaat snitialdi etbpy oafsed[ £ a-emdtei um
hydr oxide and sofaum fuhyadl dfcn [l dadubRiabe!d0 o108 AR URPENd ftddis

present process. 30 Prior Art refer 5e reacti ons giving

rise to Hany 3¢pr SibReauestcyFepnt ‘ccﬂ’e pé’ﬁt ae?% hr PPBF“W&G‘F&E‘P%‘?l 5 & ocess.
Thus, in the fioagatdemiaimanded) sodrurpudydeor bda,yt tpi t @lvef orna$sl wri@nf or ned,

?EI nly thep%&%'n't&ﬂﬂﬁ@fﬂn{ﬁ&%ﬁ{/kﬁp}/%bﬁs aﬁdCNﬁ)] ara@mhelddttnear 6Tf[)thH\Qf nal
nown as n 0 elrn eat.er | e e cess
of fornal dehx’}(f)é‘t Féﬁ've Y5 C?ﬁégé%’qual #Hygé Used Q% gf%é"' e8&if ool
formed are digfeRsabp)trd tld] beinperarstugthdi t ) a‘ndf‘wtioﬁent'aeﬂthQtol s
in genergs, tdpply 26f JUo¢¥mdA@3hyd@ (@Mt I ootsiuaf Wadedkiida t (ieadtepct i on
liquor are ingreasgdnide ! (*)xgHBAPRQWI)%COfacﬂg {Wéd&hygﬁd%qde%ae&#&'c}’ﬁ to

t'he acet al dehyde i's redu n an al ne ne t he for mal dehyde
aut ocondenseSSff‘dirrrF apgugté]»e t)fﬁéme pentaerythr1tol—conta1n1ng solution

being drained to a buffer tank of & capacity greater than
that of the reactor, new reactions and a new acidification

20 operation being successively reinitiated 1in said reactotr by
fresh supplies.

The manufacture of pentaerythritol has been known for
many years and, as stated in the above paragraph, is based on
the reaction of formaldehyde with acetaldehyde in a basic

25 medium. The formate corresponding to the base used is
obtained in the process. As alkaline agents, basically used
are calcium hydroxide and sodium hydroxide, the latter being
the one used in the present process.

30 Prior Art reference

A number of side reactions giving rise to many by-
products occur in the pentaerythritol manufacturing process.
Thus, 1in the basic medium used, various pentaerythritol
formals are formed, mainly the cyclic monoformal (known as

35 CMF) and the 1linear monoformal (known as PMF), the amount
thereof being larger the greater is the excess of
formaldehyde relative to the acetaldehyde wused 1in the
reaction. Also formed are dipentaerythritol,
tripentaerythritol and polipentaerythritols in general, the
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5 pol yhydroxyl at ed conpounds; generically known as fornpbses. TR& JULY 2002
acet al dehyde al so produces al dol type condensation products which may react
both with thensel ves and with the other conpounds in the reaction medi um
All these reactions show the conplexity of the process 10 and expl ain the
anount of published patents referring to the way of avoiding the appearance
of these inpurities as far as possible, both to achieve a better yield from
the main reaction of producing pentaerythr+tol, and to achieve a nore
efficient separation and obtain a purer product. 15 The synthesis of
pentaerythritol involves the reaction of four noles of formal dehyde and one
nol e of acet R@ERYHEONT RS MBAER| B thikdoapt 1 iquPhioat® f FidcERRPEE et st eps.
The first at thepHpobpbriotunl0 6 lfionmmlaiehgbddol addiedensatatdive | howhtied t hree

nol es of for r@éé:t%h)aq @9 ON3qlBLE. H158) agRt addlehide di& GREIUABILhé O give
pent aer yt hl’ltf) I%Cké SGr CHO (1) Ther

eaf t
ai dehyde obt alH %% al dgﬁt‘%& '&%e"gsensatl on |"§m§ubj ecitt’to a §¥%%sed
Canni zzar 8 remwtyﬁroaﬂatwcempﬁwd%esgemamcg”wménew otfe fesmeease of

t he pentraerythgi ta@%taﬂ&eﬂ)&i&lcedlis@ paridaekyt hdidal , tapd asmideasadfon

f or mal dehyde | [ a e

al kal i ne nedi ﬁﬁoﬁ{ﬁ\}gséﬁggﬁ E"OJ ?t %%h W%RCI—E%"&Q?@%—E) C - QEHéhg NaCH
--> ( HOCHz) 4C9tlh41fCG®'ﬂ8°'("2'§s 'I‘H\etf‘énﬁ%ﬁ“éﬁﬂ‘bg‘eafu%l ch these reactions are
conducted are funddnemnhake JYeathdofanshaw artber eoapliexitysos|dve arockow

tenperat yges ghd 20p3QG¢h ’Mé'eﬁnotu'ﬂ? 8k dglp T RAGY! g&‘tér&sf ?-%Tfef# r{d“*‘t% the

t t Furth t 60C.
Thor of or 6, L EeY CHbL (AR IS (Fhe ABRBRFAITH G1RBOTG Y DAeS A afor ol |

t he acet al dehpdesibzs botly 2002 &ChSGVhasa beeftebnsuiedd. ToomcHitey madn
greater extenskast afn tohe ak&&idﬁ@t peAt A€EtHrol ) andAn ce¥ERSSVOTa more

f or mal dehyde i £ hgg ut |n(anb¥’,‘cl'§|k§ J%h??kd;?m&% (€xcess has speci al

connot ati ons. nde uence 0 it undergoes t he

Canni zzar'® r eact i ol¢ c'ﬁY@‘N)eSh%t [dn Bl NAABN I iGN f of e 1Y esukBS JERAGtHEN

sol ution pH dedpsoand manegeot s fidrmandrhyde Nhd eaet meites offr ane balatptatidel.y
reacting. O, yhh &G IS tanesém%% Ofmsomalmdhwmmdleateaut Qpp&demtl ons

to glve fOfﬂDSGS are caused % WOr se e, EXCess or

Eve )
deficiency of 6Fheflefydl aff i t‘ﬁetﬁréie’r?cénof‘ %‘?agtfé’r“dSPS?BWé} d&gr ee
of formals of whiehvathimaes peheaeroft hrifrongldavded ameld a ohieal |meler dfar ger
proporti ogp of gcReadSAR: RPBL 8K indYd,t @bSg{¥d penttabry@itd tose.
pol i pentaerythritol). 15 All these reactions depend on the tenperature, pH
and reaction time and on the concentration, ampunt and sequence in Whl ch
the reactants are added, @Er8bY %rﬁﬂoorf‘i‘ée“é‘&‘rﬁl)?f:ohs(:@ l'owi ng for(high
yi el ds of pentaerythri toI with the | east possible anmount of inpurities have

to be found. 20 Brighis Al RSN @95%1@1@%8@' ARaihbe 'nifnl ugpee gfadhe
tenperature and tjne e di r reactions of the. excess

f or mal deh§de u%"élf’eaﬁﬁtb‘é% S 54 Jﬁcﬁ%%t u8u§r?)‘°r%ecd:sgapﬁ”szea\fé’r SPRst gy

French patent @R 2 48R, 409G dicscl bees o heer 8i cwlietrebycone iy egitedefl the o

various st ages%é?ﬂ%%%ﬂl?mfei rworlsdm'cé/&ﬁ%ei pe@@@é}fyshagﬁoi,s adld an_dtdrﬁé:erent

tenperature and. wit erent ool ar. bropor{Lo . sodi um hy.dr ox

f or mal dehyde and aogpab%éﬁgf _1s ox1é%zé%o r?%#%\C 89 é‘ JK%%B $h Fﬂe
sodium hydroxide alkaline medium gives the sodium formate.

30

CH20 + (OHCHz)sC - CHO + NaOH —-> (HOCHz )s«C + HCOONa (2)
The temperatures at which these reactions are conducted
are fundamental.

35 The Cannizzaro reaction is slow at low temperatures of
20-30°C, while the aldol reaction is fast at these
temperatures. Furthermore, the Cannizzaro reaction ié
dominant at 40-60°C. Therefore, the reaction mixture

temperature should only be raised after all the acetaldehyde



In other patents the use is disclosed of various 30 reactors in28efylgs2002
such as for exanple GBrman patent DE 1,910,057 which uses seven reactors in
cascade and in each of which, variable anmobunts of acetal dehyde are added to
an initial fornmal dehyde and sodi um hydroxi de solution. A simlar systemis
used in document CS 261,843. 35 All these patents, which have inproved the
production yields of pentaerythritol over the earlier patents, disclose
processes in which the reaction is condgcted continuously, either in
several reactors in cascade or in tubular reactors. Continuous operation
has its advantages) but also its 25 JULY 2002 - 4 drawbacks. Anong the

| atter therehampesd epnsmedneTdi fesitiavey 8f geedtely exbengirnt affsthe mi x
suf fi ci ent | yardodklay j omnchaiclh@os ubSE UM exeebsng) Rirmatiiewyderii a€ed
undesirabl e p,pltqwggwf%mcts are formed as a result of the reaction 5

bei ng hi ghly exot herrrg . Fur\‘)hsr nore, if several reactors are used, the
process becones peadepyde nexe9ss as; GRAFLRT reelRetrt NS s lBfert nust
be very bongthdubed198nee | @fg the daBuldsed itnuothergumtsehhe Ge@hi228r654) .
This is so, Pesctivh RoCHIVAMLHYWRGY Idhd | TR dIiGm! SfidknaRd, | Nwih d¥bye3HBOT
together with g w h [_Il qéjrlodsflo%vrat'eeth rei.n. Io achi eve théa xtfure as

qui ckly as p%% lftbl(% PHhe T @E A8 PEREE® Hi&: FBRa LS T8AG A% FerdPBre, it
must have a 8deauakftlivareseligien Qnd 1hi sthediees isenper dixgeescont residium t he
vari ous reachpdr@oide,onautbddnidetkbhat idss Oither givepsfreimdsiae Krovauydedcesses
are desqrg begybf Y deQUSaPURA;GAt hBBTe, TRHR) iekcb§s IGHCT iR | didy Qce the
reaction has _taken place 1n the continuous reactor or reactors, the

resul ting m XPCPRIGehydei ghtestsacthes PEESeNsa hof Wi gheraodt ileweti4Pqnes

2,790, 836) Ust2f&myisl4apforthe t Na2@ofior mentaaird th8Et 616, FodneDE dandl@2, 824) .

Thereafter, LR81PXERYS fiQF BYEPt i 6n I AOUGHD sRY s&h&GBRRLF At TR s
dIStI||atI0n(;US 790, 8 (r}dthe resul ting

S 2, 790, 836) U 2978?%4? o

f or mal dehyde-~f?e& ol Ut 8n Ci’]s‘péa\'/‘gﬁ&rg 5 der vacuumto a concentration
such thatdthe penthertfelsei t cdaqirietisplenerd iqn Ahepatempanatunes pheansbdi um
f or mat fs Eherralaf;t edn tth‘ih_ep[] £64 Wl ait@d pen&aa_rrydthroint,ghmé@qtsa]aa_r ab@ierfdeom t he
rest of the u it he tri at r a er
washi ng, theﬁgol ?‘gpﬁ ﬁgrgnefje(g%/&:g‘gr%t aeéyfgh,réf%](g peﬁ?éat%t}grr %h'ﬁﬁ%’ﬁf%nd

pol ypent aer ytRPA{ bians 1g13e4ing orfedl hiphE) Yi¢tde o entarfviimraset ofitdt s and
Lot her i npuri ttihes 1aasht frosiss bl deangandalolf edimpami fpierxt havyt to itteolfoudtie fil tered

sol uti onggont ai nsgthe; sHOPatoh{ UeTRIsS, 65RCe RETY AR YhBI | {0 1uMAeNoF S50l ubl e
under the worki ngrgfndl tign e CME mai _ni g%rt npuriti es or

¢ s,.th ¢ ang.% er
f ornmoses. Thi's™$ 1h 88 sbHEe ©F t AEsOHT LFT $0r T8RS B0 f8vERYT &5 t her
by crystalli &t itba) excassolfpnmattetindecyped atndn depigeibesy peanienyeds it ol
i s redi ssol vaftoriedsSubjeteed1 t &t dpgh-t enperature aci d hydrolysis (US

2,978,514), B 79 8, ft i j : i i
ot i od by pasei nhoRh steRe ) dvd, Ao Goa BLELISNS hapbhi Ll RRAET 1 °
decol our £fg iq‘.V‘fﬁg P%e fMesdopentHa9pchr PPBrat L icoAt i 8uUqYdysiBeFelNto t he

evapor at or - cremsthalsithger si smMaer eat dief olemiti tamperaoneenhday ticth diilfideceyst al

suspensi on i sydidt eppGpdtt i6RAL rbf USRS it KRPWRoK FFN GURRa1 Ronfpas! dHRY |
solutions are g%‘??ﬂé%ﬁg in each of the above described steps and benefi ci al

use thereof f%al for obtaini ng an economcally profitable yield.
In other patents the use 1is disclosed of various

30 reactors in series, such as for example Gérman patent DE
1,910,057 which uses seven reactors in cascade and in each of
which, variable amounts of acetaldehyde are added to an
initial formaldehyde and sodium hydroxide solution. A similar
system is used in document CS 261,843.

35 A1l these patents, which have improved the production
yields of pentaerythritol over the earlier patents, disclose
processes in which the reaction 1is conducted continuous]yﬁ
either in several reactors in cascade or in tubular reactors.

Continuous operation has i{its advantages, but also its



On the other hand) the inpurities produced in the reaction nust 4%eJYiendt@d
fromthe systemthrough a liquid 10 fl ow known as waste |iquor.

Nevert hel ess, these processes have drawbacks) since the waste liquor is
acconpani ed by a certain anmount of val uable products which it is wanted to
obtain (pentaerythritol and sodiumformate), whereby the finished product
yield is 15 reduced if they are not recovered. The literature contains
various patents studying recovery procegses of these val uable products from
the waste |iquor (for exanmple US 4,083,931, US 4,105,575, US 4,277,620, US
4,328,366). This recovery involves a nunber of additional operations for
whi ch 20 equimwbackandmarggéhesl atkémd hielre papceks itedet lkex pbidicvel ar e

lr3 _eqlui red. | T?ﬂ‘ e?eessngva&trﬁ Itirauef%rﬂwaltloy_nhassit;f)fmegulpi; e@di%deQh@nd

i ol ogi ca a estr or ic matier. mar e

| nvention 25trqe°t ?Eg%%é"g?n% of ctgﬁc]ag?%/ent%la@r?%t'o oé@?ecr r’réef he"y"a ec')‘;\ilta‘tr’ﬂaenti oned
dr awbacks) RIousefedeiRducssa Af i n{ennete @fpehseewfitt RE Hiroveact e nent s,
to whi chsendbdimg prigbvy téxathefrmadst e | i quor produced in the plant is

reduced 10 the SEgtRmAQSS il 8ofPAN rodtilote! Sprdusid) apeog%toﬁgyg of the

ainms of 30 the invention and i,s achiey asi ca reducin

product i on o?eIRMNeS BALR 1 RANSTNG £RE 1EANS SN u’fﬁés" agtRE 1% &54dmi bYed by
nmeans of a pnosted®e gbryhkong.pdudescrPHedni Nanige aire stdipalagediphinothehi s
]glescr: gtl 03 emalwtrsl chass ﬁbﬁremt)ﬂl ¥Res i ni-.s*l,[a.%t,, bb&ln}JEaI tbpta i taﬁlen a 35
or ma e, sol ution_an er er i mul t aneousl y. but s rat.e a
sodi um ﬁ%r o§<?m e 1sso?ﬁﬁf'bﬂeéan‘§‘ Z St 5%% ?/'E:I’e tzf ee?gﬁﬁp‘htg'd) 8¢ @f)‘ﬂi ﬁ qg){%eacti on
m xture and bteHiate t hbeesin: f [Tew RPEBReYhe W dmbntee w@&nkayisckly as
subst anti al | posoitsitegnt handeactdr Wiamster mbst) beY 2000 -and, Bva@fdireg to the
i nvention) 'ﬁhméuwmaw*tyst%%me?@némtaddf th§s N t&nAd9&dre
gradual ly such that the pH of the reaction m xture of the aqueous
f or mal dehyde®2BY R dR éHg YHe Ut EPGERY RS 9N dihE it -t i nes between 10
and 11) B the terffdveat atepyarf edhei t Knohe airapedesi nareandesdici beadetial dehyde

flowate atsQa¥sdss pibhichhfortd M ThUBS amPunis (ke ercandany siwpeunads of
the reaction are, reduced by 20 to .40% over {he con ona rocesses. In a

ent i I
preferred enb8aAr Mt 8PSt nEFHV e MBS ¢ AR 1% 6ft°§¥1ﬁu% St hRAEHd §6di um
hydr oxi de sorattbdrsuppshy i sretibjtdee amikbase tie asvaghtdtyi opcbhif i@dso t he
acet al dehyd](:leStl@@nL w]«ciftlhoyugat eciﬁcﬁiJm&Ch,ab?(lm,t UsO 299 MBS 1Al i Ok wﬁ_hal |
vari ati og, 0 ) o) may nl-a it nt,i y
cont i nuo%bsl y fgfﬁg‘ét earcﬁlﬂne(g{:— }Aée%és'%%t‘tvb ?E g?féo%s%%gﬁ' dihﬁeerr gﬁ?é% E)tvt\‘/?at es,
the flow at e§*68Fhg tRIMRIEaR%EeNnt iiq | yréﬂﬂg?%nt Buri AEEERCKNbFa et
periods. Thedigtéhlatoral(¥8 cRnTeyAIM,eYSt hat 914 tdenped dther eead 1 twmiach t he

regc:i OP'S ftlreo@aafmm—w%ﬁagbﬁmﬁm% t%b&bo?ﬂcsd \é@hh@atei %,cb@;& foa
chocant Lok CoRRRh RS bk (O 0l Db PR ARl RLTIIE R BY £
inventi oS atParfie B¥hrnotofthehaod byetfiagimater hEheeepfdeat the Arechel trtied t he
range of 20 tpen38C)ytiitit®l1ati st heeparchtald tritemr etigd ir3s bhethe solution,
either by centrifugation or by filtration. After washing, the
solid 1is formed by pentaerythritol, pentadierythritol and
polypentaerythritols, linear formal (PMF), traces of sodium
30 formate and other impurities and forms the so-called raw
pentaerythritol. The filtered solution contains the sodium
formate, the pentaerythritol which 1is soluble under the
working conditions, the CMF and the remaining impurities or
formoses. This solution 1is sent to the sodium formate
a5 recovery, either by crystallization, by cooling or by
evaporation. The raw pentaerythritol is redissolved and
subjected to high-temperature acid hydrolysis (US 2,978,514):
GB 799,182, GB 958,654) after which the resulting solution is
purified by passing it through an activated carbon bed,



25 tenperature is held in the range of 42 to 48C. Al so accordi nﬁ’t]gm{ 2302
i nvention, the concentration of the formal dehyde solution is in the range
of 20 to 30 w% the concentration of the sodi um hydroxi de solution is in
the range of 12 to 20 wt % and the acetal dehyde is substantially 30 pure.
The nol ar proportions CHzQ NaOH AcH are~in the range of
5.1-9.5/1.05-1.4/1.0. In a preferred enbodi ment of the invention) the
successive supplies to the reactor cormpri se: a first period in which
substanti aIIy half of the vol unes is supplied, the 35 tenperature being

hel d Wi thin 34, f@gRgof 1 22 t1919289uri"‘ff Oraqngaamh'rmw clpraishagsi ally

one fourth part of unes i s su erature belng hel d

within the rSRstsrred t5° 38 he heeﬁgg 'E“}td’ﬁ' Sf"'%%ﬁ]d 1Z8EBNnd Wwreodthei ng
substanti al | goldteicgare asondwmtt raft edheTheé ratyspel i sukpens26n Jid ¥id@e@Red 7

and a third aer¢m,4,wu§@uc@ytm“$,upgbh.e$qdég the reactor are conpleted, the
t enper at lFl’I’e bei n heI ¥VI h.l ‘L“cé to 48%’) thefdgtratlgn of said
third perfiod bei %b et eF°t'ha orishﬁtreo?r? °8ecdMd 85N 02

reaction hasdemlf'eﬂ)edt séepasend ihepeddrinl oied dhaceal fiisedundaregrtaft éprt he
vol ati | e conppuaitsind ahnmatewdiyita 1ayd pret ivedtale, yae®d s enoved entrai ned by
steam the sol ut '&rgt t%eCOBi?ﬁé':”ar{a%% bygﬁé@ﬂ%@?k?i‘ y”%‘%d}@%&(‘; [ﬁ‘ha'%ﬂet he

first suspension obtained ues olid

obt ai ned, pehtagtifthr i'“E‘BF) B? pe"rPc'“&é’ th¥f?%lt*‘§na hepugly gyildayyided i n
t he rmthwr | fqoer nain telsewasterbiquor.of the solids obtained in the

subtsequen; crystahéwﬁweeessofupéseeoq;rretcbeaeéﬁhatvee PeMalkyt NE{dd +n
m Xxture O a

pr hritol and 15 t % of
s S LN O R A R DS TR
hydrol yzed i mraduats avhrisdi uit ate orvintgdt é%cﬂﬂﬁ@nm breiit aerytbdites endd i s
t hen purifi edowilf aﬁidmaabed Cal dxadbyand hsui  abilsheaonsgstucat ediend is

crystalljgzed. re%esadwg 33 quald t¥% Aegligd. T%Qel I{tee"’}%tth%' {:éntza

conducted in one or andt E?e to obtain elther
nonopent aer yt"ﬁ‘rrl‘f’BF %tﬁﬁsg?t?%mﬁ|rt95F°b’FrYV\U‘IﬁeF5F%? H‘Féﬂ )f]%lbﬂ”}tt]lees one
of 98% nonopenodecys hfndmolt handashe bidwer Khommxasple ethnidcab3yent a'us

contai ni ng frome86599% Gfs ”Dﬂoﬁﬁf‘té‘.ﬁf,yt s tOJL ﬁhdségj 14%mqfs recovery
dlpentaerythrltol 25Tesd|um£ Itane syvvlththe

pent aer yt hri t VoY he? r SWEPEEn P prao 5é8"%{/ c%’ﬁ’ ?'}ftl on®hndihic
crystal | 2@at i ipmenhearfd | tneggend$ maicinfg the Brenseashore fxpendivig arne

conventi onal rw@ﬁedureshe iR eisBVRALLOM i{use EPRE TP has e thakub Pect ed
hydrol ysis ofy '%83{@{&94%@%)(%9& rde%‘?ré?#'ttﬂ%“?gms g tgpncentration

of the reactlon solu e addition has "ended, it is
desirable to hold the mxture at a tenperature of 45 3 for a tine, to nmake

sure that thesurematyi ofi tise dowehétien 35 Thereafter, it is acidified with

formc agkd at pHi§-6;%0 a%VO'anSUB$GQH?é‘t1n‘¢@ﬂ?$6rK %Q' 6v£€@&:¥é RE APEvé S
evacuated to a tank fr

ocess is,carried tlnuously
Exanmpl es 1 an'&e'kt‘é’in(?dg?(}‘év\fg]aoc vv)angof?esep%ﬁ i g tDR émb‘Pocg‘f EPerhe
i nventi on andeExtdiepledoge rigtegtimegitse o which end the proportion of waste
1iquor produced ih the plant s reduced to the smallest
possible amount. This is, as said above, one of the aims of
30 the invention and 1is achieved basically by reducing the
production of by-products during the reaction. ;
These aims are achieved by means of a process of the
type described in the first paragraph of this description and
which 1is characterized in that, 1in the first place, a
35 formaldehyde solution and thereafter, simultaneously but
separately, a sodium hydroxide solution and acetaldehyde are
supplied, forming a reaction mixture and because the exit -
flow from the said buffer tank is substantially constant and
cont inuous.



25 JULY 2002 g conventional process, allow ng conparisons tg ‘E)ULY 2002
establ i shed. Exanple 1 To a reactor provided with stirring and a cooling
system 5 to hold the adequate tenperature, there was added a 22%

f or mal dehyde sol uti on and then, separately but simultaneously) a 16% NaOH
solution and the pure acetal dehyde, such that the pH was held al ways
between 10-11. The flowate was such that half of the reactants supply was
10 effected in 25 minutes and the tenmpergture was held at 25C. Thereafter,
the supply flowate was varied so that half of the remaining supply was
charged in a further 25 mnutes, with the tenperature being allowed to rise
to 35C. Finally) A¢teondsmai he ntg\esupipb/ynvmt.added byer IEpmininey dednt he 15
tenperature \é@%nc‘@ﬁ'&tr olilfedng Nt RQt ali@ed igradaRIYE ARG dhat henerph of the

reaction. Th pro j ons .o total 0/ Na AcH dde t he l.ar ratio
o et 10/ FoRPERt R fhut hafd(:?érm RER AT B TlaBh {50 90
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ment i oned” abol&dsti . §0 oke VBEIREDAOpaNda ahdot Hdeot Beet @ %%Pnoﬁ'dﬂe‘r)ta and
10- 14% di pent arjwHaltlel § 6l subjRice Rt oTkhsad thr envddiait isal uti on. The anmount of
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pentaerythritol was 3 l'atirve to t taerythritol
represents a 859%TedHEEF ¥H Ry tﬂ‘é"tc’d‘r‘r\?é'ﬁ”o‘h’al dﬁrtSE'ék%e gy /PPt W2 To a
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sol ution and then,_separ ate%/ H i mul tango;ﬁsl Y, z%wis {;la(]—| sgl ution and
the pure acet al detytfe, "¥ERH GMaf f‘?le &t FHAtWADE BRRRREEAYID-91. The
flowate i s suwehch rtdte makét winst heere@m&eﬂ‘neg BeppYar inhdeSard f ddvagdthis 25
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Finally, the Féﬂ&?"rﬂ%%upply was added over 35 m nutes and the 10
tenperature was coadaooidied o mortbbrtbearm&e abbvehed5Gnabnt tten,ernd ohet he
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25 temperature is held in the range of 42 to 48 c.
Also according to the 1invention, the concentration of
the formaldehyde solution is 1in the range of 20 to 30 wt%,
the concentration of the sodium hydroxide solution is 1in the
range of 12 to 20 wt¥ and the acetaldehyde is substantially
30 pure. The molar proportions CH20/NaOH/AcH are in the range of
5.1-9.5/1.05~-1.4/1.0.
In a preferred embodiment of the invention, the
successive supplies to the reactor comprise: a first period
in which substantially half of the volumes is supplied, the
35 temperature being held within the range of 22° +to 28°C; =&
second period in which substantially one fourth part of the
volumes is supplied, the temperature being held within the
range of 32° to 38°C, the duration of said second period
being substantially the same as that of the first period;



15 fornmic acid to pH 5.5 and evacuated fromthe reactor to a buff}%ﬂ”%‘étrﬂ@?z
from which the process became continuous, and was subjected to the
processes of renoval of volatile conpounds) concentration, ];(I | t ratzloon,
hydrol ysis, purification and crystallization, according to _nO\l/vn

processes, as described hereinbefore. Table 1 gives the initia .
concentrations of the fornal dehyde and sodi um hydroxi de sol utions, das we
as the concentrations of nonopentaerythrittol, dipentaerythritol an y R
inmpurities present in the reaction liquor at the end of the 25 reaction.
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conducted in one way or another to obtain either a single
quality of monopentaerythritol of 94-97.7% purity or two
differentiated qualities, one of 98% monopentaerythritol and
the other known as “technical penta” containing from 86-90%
of monopentaerythritol and 10~14% of dipentaerythritol.

25 The sodium formate obtained simultaneously with the
pentaerythritol in the reaction is produced by concentration
and crystallization of the filtrate of the first suspension
according to conventional procedures.

The invention also contemplates that the hydrolysis of

30 the formals may be carried out prior to the concentration of
the reaction solution.

Once the addition of reactants has ended, it s
desirable to hold the mixture at a temperature of 45 + 3° for
a time, to make sure that the reaction is complete.

35 Thereafter, it 1is acidified with formic acid at pPH 5-6 to
avoid subsequent undesirable reactions and is evacuated to a
tank from which the process is carried out continuously,

Examples 1 and 2 are given below, corresponding to the
process of the invention and Example 3 relating to a
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was subjected to the processes of removal of volatile

compounds, concentration, filtration, hydrolysis,

purification and crystallization, according to known
25 processes, as described hereinbefore.

Table 1 gives the initial concentrations of the
formaldehyde and sodium hydroxide solutions, as well as the
concentrations of monopentaerythritol, dipentaerythritol and
impurities present in the reaction liquor at the end of the

30 reaction. The two product qualities mentioned above, i.e. one
98% monopenta and the other 86-90% monopenta and 10-14%
dipentaerythritol, were produced from that solution.

The amount of organic impurities from which it was not
possible to recover pentaerythritol was 3.1%¥ relative to the

35 pentaerythritol obtained, which represents a 35% reduction
over the conventional process.
Example 2 ’
To a reactor provided with stirring and a cooling system

to hold the adequate temperature, there was added a 22%



variabl e tenperature. 7.- The process of claim6, characteri zed 2P rPY{{a2002
said variability is substantially continuous. 8.- The process of claim®6,
characterized in that said 5 variability determ nes at | east two periods of
different tenperatures. 9.-~ The process of at |east one of clains 6 to 8)
characterized in that at the start of said reactions '"the tenperature is
held within the range of 20 to 38C) while at 10 the end of said reactions
the tenperature is held within the rarge of 42 to 48C. 10.- The process of
at least one of clains 1 to 9, characterized in that the concentration of

d f | deh t th f. 20 to 30 wt% .th
zglncen'?; g?l oﬁ)%‘?ggﬁgﬁ? EOQSé?ﬂJfﬂn?‘Pydsog?%ggesg onol §°‘??1r“[t??éyr :ng%utof 12 to
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process of a,d e33lRPE Qifs Qh@h ”Btti'ac}t ?m?Tfa”Sif & e r%Qc@Qnth%@??éeﬁége‘j in

that the successive sup #)5 ies to sal din

react or
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hel d wi t hi n Tteer aafitge, othe22 suppPB 1avrsdeondapevaroddi nsohitadt dabstantial |y

one fourth pggd rcéfmatih%é{cg kﬁssémﬂ]g'e%d: 1ﬁhea 25=ufr%HQ?f6édJ'irﬁnb%Qg hel d
within the ranttqﬁ ?‘s" ﬁg dur t.ll ondo£ 3 gg S bei ng
substanti al | Y thd"®a °'5%er tre el'h% PLEApET | ’(fe Rd (fhl ‘Ha ¥tod in
whi ch the supi irenaioine supadvorwas e Mﬂgl e?’é@lr t3%e ménpkesat wnd bbéng hel d
wi thin tiee reogseraftutd w8s 4&onthe1lled add OasOhotai th I skhabshvarsicedabei ng

gLeakﬁrAéthtigaten%f Ag?e ﬁ?econqgag\s]g% A3H Rortions of total
2PRx&t ~ysni dCHAQMNAQH/APH 23 ¢de aPad Lt By d'é’d]%af&b]‘?;é]%&UFéb] A -cAftes] cal ca]

cTaU] cal] ca] the Buprdly] chaff caerminated, the mixture was held for 10
minutes at 45°C. Thereafter, the mixture was acidified with
15 formic acid to pH 6.5 and evacuated from the reactor to a
buffer tank, from which the process became continuous, and
was subjected to the processes of removal of volatile
compounds, concentration, filtration, hydrolysis,
purification and crystallization, according to khown
20 processes, as described hereinbefore.

Table 1 gives the initial concentrations of the
formaldehyde and sodium hydroxide solutions, as well as the
concentrations of monopentaerythritol, dipentaerythritol and
imputrities present in the reaction liquor at the end of the

25 reaction. A single quality of pentaerythritol with a maximum
of 2.3% of dipentaetythritotl, was produced from this
solution.

The amount of organic dimpurities from which it was not
possible to recover pentaerythritol was 3.8% relative to the

30 pentaerythritol obtained, which represents’a 21% reduction
over the conventional process.
Example 3
To & reactor provided with stirring and a cooling system
to hold the adequate temperature, there was added on the one
35 hand a mixture of a 22% formaldehyde (CH20) solution and a
16% sodium hydroxide (NaOH) solution and on the other the
pure acetaldehyde (AcH), in amounts such that the molar ratio
CH20/NaOH/AcH was 5.4/1.15/1. The acetaldehyde addition
operation lasted 560 minutes and the heating/cooling was
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3 A B CDE Rn}p,ugv ywmg&e(ls thDreac jon liquor at t e end of the
reaction. Both product qualities di.e. one 98% monopenta and

the other 86-90% monopenta and 10-14% dipentaerythritol,
15 were produced from that solution.
The amount of otrganic impurities from.- which it was not
possiblie to recover pentaerythritol was 4.8% relative to the
pentaerythritol obtained.
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5 TABLE 1

PATENT YIELDS

Ex. 1 Ex. 2 Ex. 3
Initial formaldehyde
10 concentration % 22 22 22
Initial sodium hydroxide
concentration % 16 16 16
Formaldehyde/acetaldehyde
molar ratio 5.4 9.2 5.4
15 Sodium hydroxide/acetaidehyde
molar ratio 1.12 1.10 1.15
Monopentaerythritol % 9.56 6.73 9.6
Dipentaerythritol % 0.69 0.15 0.41
DPE/MPE+DPE 6.7 2.2 4.1
20 Impurities % 3.1 3.8 4.8
Difference 1.7 1 0
Yield relative to acetaldehyde % 80.3 79.7 78.8
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taid steps the formed pentaerythritol-containing solution
being drained to a buffer tank of a capacity greater than
that of the reactor, new reactions and a new acidification
operation being successively reinitiated 1in said reactor by
fresh supplies, characterized in that, in the first place, a
formaldehyde solution and thereafter, simultaneously but
separately, sodium hydroxide solution and acetaldehyde are
supplied, forming a reaction mixture and because the exit
flow from the said buffer tank is substantially constant and
cont inuous.

2.- The process of c¢laim 1, characterized in that the
sodium hydroxide is added gradually such that the pH of said
reaction mixture is held between 10 and 11, and throughout
the addition the temperature and the acetaldehyde flowrate
vary.

3.- The process of claim 1 or claim 2, characterized in
that at least one of the sodium hydroxide supply and
acetaldehyde supply flowrates undergoes at least onhe
variation.

4.~ The process of <c¢laim 3, characterized in that the
variation of each of said flowrates takes place substantially
continuously.

5.~ The process of claim 3 or claim 4, characterized in
that the variation of each of said flowrates determines at
least two periods of different flowrates, the flowrates being
held substantially constant during each of said periods.

6.~ The process of at 1least one of claims 1 to §,
characterized in that said reactions are conducted at a
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25 temperature being held within the range of 32° to 38°C, the
duration of said second period being substantially the same
as that of the first period; and a third period 1in which the
supplies to the reactor are completed, the temperature being
held within the range of 42° to 48°, the duration of said

30 third period being greater than that of the sécond period.



