e ke e g i e

sk
1 sPRODUCI NG METHOD FOR TRI METHYLOLALKANE BACKGROUND OF THE '§¥ﬁNILCN The
pﬁbsent I nvention relates to a nethod of producing 5 trinethy"*&k%&he—@y a
reaction between n-al kanal and formal dehyde in the presence of ter%%ﬁgy
angine and water. Trinethylolalkane is upeful as a raw materi al f orl al ;J«
résin, "a pol yurethane-resin, a (un)saturated polyester resin, a synthetic
| ubricating oil, a surf actant, 10 a reactive nononer and the Ilke: As a
known nethod of produci REOPPFANENYETEADK AOR TREMKBHELOLALKANEt ed with
formal dehyde in the presence of a hydroxide of an alkaline nmetal or an
al kali earth netal. In this nmethod, alkaline netal formate or alkali earth

15 netal for rrg%gkbipmdtb%edm&s @“B%/}"'ﬁfg uct. Trinethyl ol al kane is

catal ytically ermal’ 'y "decorpose formate. Accordingly, in

d [ di still agy l..bsal ati rifying techni que.,for
SoTmethyl o1 al kane. T1€Rret AANIhTenc Ot p 1RO pethlh LEPRLAE1hS

separ at et 1 i sret by aeahyasa SneRd Iy al kalioei 9kt phel QLB AN 4N alkg! |
eaPth nmetal formate i?qoréér to gﬁ%vent thelyie d o% trlngﬁhfﬁgfaﬁiane from

bei ng | owered ByrmbededlydeytinCthbepi@sefee0sPOSétt Diry ASnet gaSEREEALT ON
I's troubl esonme. 25 As an inprovenent of the aforenentioned nethod, a

met hod of produci ngrtimenetnydbabkanaeibynsisfoly derairdy matoeiandryet gh
i nstead of the hydroxide of an alkaline netal or an alkali earth netal has
been proposed f#ég@ CefiAny @ polyurethane resin, a (un)saturated

polyester resin, a synthetic lubricatingoil, a surfactant,
10 a reactive monomer and the like.
As a known method of producing trimethylolalkane,
n-alkanal is reacted with formaldehyde in the presence of
a hydroxide of an alkaline metal or an alkali earth metal.
In this method, alkaline metal formate or alkali earth
15 metal formate is produced as a by-product.
Trimethylolalkaneiscatalyticallythermallydecomposedby
the formate. Accordingly, in conducting distillation, a
general isolating and purifying technique for
trimethylolalkane, it is necessary to sufficiently
20 separate trimethylolalkane from the alkaline metal formate
or the alkali earth metal formate in order to prevent the
.Yield of trimethylolalkane from being lowered by the
catalytic thermal decomposition. Thus, the separation is
troublesome.
25 As an improvement of the aforementioned method, a
method of producing trimethylolalkane by using tertiary
amine and water instead of the hydroxide of an alkaline metal

or an alkali earth metal has been proposed (West Germany



Patent No. 1952738). In this nmethod using tertiary amne, the formate
gr oduced as a by-product is a salt of tertiary amne with form c acid,
whi ch does not catalytically thermally deconpose trinethyl ol al kane.
Therefore, the 5 thermal deconposition2f trinethylol al kane can be

suppressed. In this nethod,
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the present inventors have extensively studied a nmethod of
produci ng tri rtpptessedancibyhdsrmathodn tlet sednt of Sekgnalryaamiine with
formal dehyde in the presence of tertiary amne and water. As a result,
have found 25 fQFmic|¥Gkdi 4§ §FPERFaged fnan NF brerhiheladkane bye
generation of the forngtg gqf%rinethyLolalkane can be prevented accordi

erence in the boiling points between the
salt and trimethylolalkane.

However, the aforementioned improved method has the
following disadvantage. 1In the separation of a salt of
tertiary amine with formic acid from trimethylolalkane by
using the difference in the boiling points therebetween,
formic acid produced by thermal dissociation of the salt
reacts with trimethylolalkane to produce a formate of
trimethylolalkane. As a result, the yield of

trimethylolalkane is lowered.

SUMMARY OF THE INVENTION
In order to overcome the aforementioned conventional

disadvantage, the present_invéntors have extensively

. studied a method of producing trimethylolalkane by a

reaction between n~alkanal and formaldehyde in the presence
of tertiary amine and water. As a result, they have found
that lowering yield of trimethylolalkane due to the
generation of the formate of trimethylolalkane can be

prevented according to the following manner:

t hey

ng



3 Areaction mxture obtained after the reaction is heated up to a
tenperature at which a salt of tertiary amne wth formc acid produced as
a by-product is thermally dissociated into formc acid and tertiary 5
amne, so as to distill tertiary am negand water fromthe reaction m xture.
Then, "the thus obtained residue is reacted with water, amonia, prinary

am ne or secondary amne. By this reaction the formate of trinethyl ol al kane
10 produced duri ng®tReagkiep rixtBrecPPtainpdr3 b fdraf®aTHAWIES i n

th id b Il d efficientl]y d d, trigret hyl.ol al k

s produced. On tRESbag: BP oFO (i tEHRGRATAr St He i oabih SieRts SRINAS Heen
| eted. 15 N .t t ) diisti] {
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production of t“ﬂﬁ&?hﬂh?hgl K3B%ochiM®d %@efoﬁggé%c% %%a lMand ap has

been conpl eted. The prese I nventi on provides: a net hod of

produci ng &ri et hyhohal kapeat heougbs il gackrenaket WRgheNaakikaadlera®d on
formal dehyde in the presence of tertiary am ne and water, in which a

reaction m xture bhéareedtiabnemikitmneaction is heated up to a tenperature
at which a salt of tertiary amne with formc 25 acid produced as a
by- product can be ther ®#hkehy thesddiust ebtsoined toeslidue| ist zeacsed aniitibe and

water fromthe reaction mxture, and a formate of trinmethyl ol al kane
produced in the dY3FEFraRPBANSE t BFLPALY AMRE 8FdSE6RPAAFEd Mo + eS¥due

this reaction the formate of trimethylolalkane
10 produced during the distillation of tertiary amine and
included in the residue can be easily and efficiently
decomposed, and trimethylblalkane is produced.
On the basis of this finding, the present invention
has been completed.

- 15 Furthermore, the tertiary amine distilled from the
reaction mixture obtained after the reaction can be reused
in the production of trimethylolalkane. Thus, another
aspect of the invention has been completed.

The present invention provides:
20 (1) a method of producing trimethylolalkane through
a reaction between n-alkanal and formaldehyde in the
. presence of tertiary amine and water, in which a reaction
mixture obtained after the reaction is heated up to a
temperature at which a salt of tertiary amine with formic
25 acid produced as a by-product can be thermally dissociated
so as to distill tertiary amine andlﬁater from the reaction
mixture, and a formate of trimethylolalkane produced in the

distillation of tertiary amine and contained in a residue



4 is reacted with water, ammonia, prinmary am ne or secondary am ne; and (2)
& nmet hod of producing trinethylolal kane, in which the tertiary am ne
distilled fromthe reaction m xture 5 obtained after the reaction in the
method (1) is reused in producing trimgthylolal kane. As described above, in
tthe net hod of producing trinmethylolal kane of this invention, the salt of

tertiary am ng_w r,m i o as a by- | s .t I 0
di ssoci at ed agg 5%28£§d$%$ﬁ§§%§% rfg#ﬁ%ﬁﬁ??bﬁﬁ%égﬁépgﬁgﬁﬁ%é ggégﬁéa% si due
I s deconposed '{Iﬁ%r;efaqﬁp, no formate i s substantially produced in this

m : , : : S
met hod. Accoral ng to the invention, the tertiary-amne distilled fromthe

reaction mxture opp ﬁié‘%t&fd@bft Bgoaﬁc&g@ctkmeea?mawﬁ@, it WWhech
production of trimethyl ol al kane. TAI LED "DESCRI PTTON OF THE | NVENTI ON The

producti on of thel neidviatyaldmieei disbélpeds Erion? @ Henvrsde oiod hndughra
reaction between n-al kanal and fornal dehyde in the presence of tertiary

am ne and Sat ebtedmed sdserl ther vedaction dh theolethodudh) &dis zledsled in
condensation reaction between n-al kanal and fornal dehyde in the presence of
tertiary anm n®ProaWw¢ iy Ywrreiehybplatkasetrimet hyl ol al kane and a salt of
tertiary amne with formc acid through a crossed Cannizzarg reaction anong

al dol , formal dehyd®s HERFraPEda@bRYSmdMathe method of producing

trimethylolalkane of this invention, the salt of tertiary

amine with formic acid produced as a by-product is thermally
10 dissociated and also a formate of trimethylolalkane

included in the residue is decomposed. Therefore, no

formate is substantially produced in this method.

According to the invention, the tertiary- amine

distilled from the reaction mixture obtained after the

15 reaction can be reused in the production of

trimethylolalkane.

DETAILED DESCRIPTION OF THE IRVENTION
The production of trimethylolalkane in the present
20 invention through a reaction between n-alkanal and
formaldehyde in the presence of tertiary amine and water
comprises (1) production of aldol through an aldol
condensation reaction between n-alkanal and formaldehyde
in the presence of tertiary amine, and (2) production of
25 trimethylolalkane and a salt of tertiary amine with formic
acid through a crossed Cannizzaro reaction among aldol,

formaldehyde, tertiary amine and water.



5 After the aldol condensation reaction and the crossed Cannizzaro
rreaction, the resultant reaction mxture is heated up to a tenperature at
which the salt of tertiary amne with form c acid produced as a by- product
can be 5 thermally dissociated, therelgy distilling tertiary am ne and

Wat er “fromthe reaction mixture. Through the thernal dissociation of the
salt of tertiary amne with formc acid, formc acid and tertiary amne are
produced. The thusA§F8autRE 31l Condensahies KRAGEiPR s gregsed 10

t hereb roducing a formate of .tri hyl ol al kane. I n assum n
Lr et hyl o ne CARD ARG S SF 00s o liigs TR KNG FIPCTERE BRACERE is

n-al kanal , T espectlyely o he ol - candensat poch epaL Qgg.t Be, greassdy

Canni zzaro reacti on, oclatlron o € Sa

anine with forgs glf'l(r‘?& BNy £ REc ggegaaggwau%feé he TPTER 01?16 agt can be ng

trimet hyl ol al kan the present neth are represente

reaction fer Mipesimdihly AlidtocpieeasathOPeb9agisON11ing tertiary amine
CI—I[err]CI—I[err]CI—I[err]C‘ﬁ'-IO + 2HCHO [err] CH err]CH err] C?CH err]Ogl)[err]CHO

20 (2) Crossedndamaitzzafaomednki s8acthber nlicdueier.] Creidbaigh] O ehelr@ldd +
HCHO + N(CJerr]JHerr])[err] + Herr]0 [err] CHerr]CHerr]C(CHerr]OH[err]
+ HCOJ er r | N[ eS|t ar ¥q1Hp&r ¥ ¢ [serlj o23ertiary apninleewibh ftgsoehatidon of
the salt of tertiary amine with formc acid and generation of fornate of
tri met hyl ol al E@F@iGHAEIIE 31N kRF FHRCY e PMifEe AT [RYQJued s ] TocFhuys

N rrjH err r

(CGerrjHe &%[%Fged formic acid reacts with trlmethylolalkane,

10 thereby producing a formate of trimethylolalkane.

In assuming that triethylamine and n-butanal are used
as the tertiary amine and the n-alkanal, respectively, the
aldol condensation reaction, the crossed Cannizzaro
reaction, the thermal dissociation of the salt of tertiary

15 -amine with formic acid and the generation of the formate
of trimethylolalkane in the present method are represented
by the following reaction formuias:

(1) Aldol condensation reaction:

CH,CH,CH,CHO + 2HCHO -> CH,CH,C(CH,0H),CHO

20
(2) Crossed Cannizzaro reaction:
CH,CH,C(CH,0H),CHO + HCHO + N(C,H;), + H,0
-> CH,CH,C(CH,0H), + HCOO™N'H(C,H;),
25 (3) Thermal dissociation of the salt of tertiary amine

with formic acid and generation of formate of
trimethylolalkane:

HCOO'N'H(C,H,), —> HCOOH + N(C,H ), -



6 CHerr]CHerr]C (CHerr]OH)[err] + kHCOCH [err]
GHerr]CHerr]C(CHerr]OCHO [err](CH err]OH)[err] wherein k is O through 3.
The tertiary am ne produced through the reaction (3) 5 is distilled by
heating the reaction m xture. The forng e of trinethylol al kane produced as
a by-product of the reaction (3) remains in the residue. In this invention,
the formate of trinethylolal kane included in the residue is reacted with
wat er, ammoni a, prFHE:CAAHhOHds sekBRAQHY 10 anine, thereby producing
trimsthyl ol al kane. In_the case where the formate of trimethylolalkane is
reacted with water, [heCHSH&(EHPCHP)REERYID)at kane is deconposed into

tri met hyl ol al kane, ﬁgg h%drogfn q%{carth di oxi de, and/or water and carbon
monoxi de. In assunf 5 ri f& and n-butanal are used as the

tertiary am ne and e I r t

repriase%t ed as foI hg tgf:ﬁ!%’ égf?gfgl%%dy M%Fegi]% 55:1—!?th O&-I)(ﬁgrr] +
nH err] O [grr hscwﬁs%&h@léhebylﬁmﬁg rﬂﬁbr[e%rddmm miR@rd O Ebymite

| (H err] O+CO wherein n is™ 1, 3, | and mare 0 through 3, and

| + m= n. V\herf tdlemfeatrm@wikaﬁerrpkbnheleal kane iy sppededt WoEhtaenoni a,
primary am ne or secondary am ne, trinethylol al kane and a formam de are
produced. | n 2eazssion n@ X mediyhsanimethea- bes adak. annndtheshyhaafnnmoar,
used, this reaction is represented as foll ows:
the formate of trimethylolalkane included in the residue
is reacted with water, ammonia, primary amine or secondary
10 amine, thereby producing trimethylolalkane.

In the case where the formate of trimethylolalkane is
reacted with water, the formate of trimethylolalkane is
decomposed into trimethylolalkane, and hydrogen and carbon
dioxide, and/or water and carbon monoxide. In assuming

15 that triethylamine and n-butanal are used as the tertiary
amine and the n-alkanal, respectively, this reaction is
represented as follows:

CH,CH,C (CH,0CHO)_(CH,0H),_, + nH,0

- caxa,cma,oaj, + m(H,+CO,) + 1(H,0+CO)
20 wherein n is 1, 2.or 3, 1 and m are 0 through 3, and
1 +m= n.

When the formate of trimethylolalkane is reacted with
ammonia, primary amine or secondary amine,
trimethylolalkane and a formamide are produced. 1In

25 assuming triethylamine, n-butanal and dimethylamine are
used, this reaction is represented as follows:

CH,CH,C (CH,0CHO), (CH,0H),_, + n(CH,),NH

— CH,CH,C(CH,0H), + nHCON(CH,),



CHerr]CHerr](CHerr]CHO [err] (CH err]OH)[err] + n(CHerr])[err]NH [err]
d{mrﬂHﬁH]QCWeH]Gﬂew]+rMGNMHeH]HeH] 7 wherein nis 1,

2 or 3. The aldol condensation reaction and the crossed

Canni zzar or eacti onof thisinventionw || npwbedescribed. Exanples of the

n-al karial used in the present invention 5 include propanal, n-butanal,
n-pentanal , 3-nethyl butanal, n-hexanal, 3-nethylpentanal, n-heptanal,

4- et hyl hexanal and¥RegEdana .isant agdedbs3sol ution including 5 through 50 %

by wei ght fornmal deh ge i nerally used as the formal dehyde in this 10
i nventi on. Preferab¥ € iﬁﬁiﬂﬁﬁPQ§%%B¥&°QeF§HFtﬂBPmﬂWQ1qﬂﬁuﬁ§®§59d

g i on). Wi th tent of net | of 1 % by wejght
o' ﬁége?édﬁfﬁ%ﬁfﬁ%@ téf're%@atﬁ&”f%%ﬁ %&ﬁlﬁﬁﬁggﬁﬁfﬂﬁaﬂﬁ?}% APEELPaA ne
i il I ls . .
P ?errgtg hf/ll O|0Ia| ngepgﬁgg?kg\%oﬁ%?%g% %6?%?83% i%&?&?lrr%%% Bt sterr}tn‘éf‘ﬁﬁn&llaﬂWane
can be useds \Wigye1944d) p&op@d1a! ¥ -BULARANS h‘%gnttaﬂﬁlt,eilrhé‘EXgi%H&%rn%ﬁ{}ebe

easily distilled and recovered by heating the reaction mXxturs _
reaction. Exanmpl-@exeingl femechy Bidnedyad)imehepehtde, 20-nat hphkixanal
tertiary monoanines such as trinethylamne, triethylam ne,
tri(n-propyl) aminde ntadiamwpt opyl am ne, tri (n-butyl)am ne,
triisobutylam ne, diethylnethylam ne, dinethylethylam ne, -

di et hyl - n- pr opy| artRe2 R eRs § 3 Solppgyncitding & tbrhpighn5Buk Hyawernghand

formaldehyde is generally used as the formaldehyde in this

10 invention. Preferably, 5 through 50 % by weight formalin
(namely, a formaldehyde aqueous solution) with a content
of methanol of 1 % by weight or less is used.

As the tertiary amine of this invention, a tertiary
amine having a boiling point lower than the boiling point

15 of trimethylolalkane and the boiling point of the formate
of trimethylolalkane can be used. When sudh a tertiary
amine is used, the tertiary amine can be easily distilled
and recovered by heating the reaction mixture after the
reaction. Examples of preferred tertiary amine include

20 aliphatic tertiary monoamines such as trimethylamine,
triethylamine, tri(n-propyl)amine, triisopropylamine,

.tri(n-butyl)amine, triisobutylamine, diethylmethylamine,
dimethylethylamine, dimethyl-n-propylamine,
dimethylisopropylamine, dimethyl-n-butylamine and

25 dimethylisobutylamine}aliphatictertiarydiaminessuchas
triethylenediamine, N,N,N',N’'-
tetramethylethylenediamine and N,N,N',N'~tetramethyl-

1,3-propanediamine; and nitrogen heterocyclic tertiary



25 dimethylisobutylam ne; aliphatic tertiary diam nes such as

t¥iethyl enediamine, N,N,N, N - tetranethyl et hyl enedi ani ne and .
N,N,N,N -tetranmethyl- 1,3-propanedi am ne; and nitrogen heterocyclic
tertiary 8 ami nes such as N-nethyl nogphol i ne, N-ethyl norpholine,

N- et hyl pi peri di ne and N-et hyl pi peridine. One or a comnbination of two or
nore of these tertiary amnes can be used. Particularly preferably,

tri et hyl ani ne #81ipg&dsashs ash@-mettiykmoxphobindheNretbylaioirphefl ire,
formal dehyde to be used.is preferably 3 through 4 noles, nore preferably
3.2 through 3.%‘ﬂﬁFﬁ¥}P&8Fr24ﬁﬂQEQﬁ teethpl REPQridTne .noPaer ari @ of the

tertiary amne_to, be_used i h 2 nples, 10 nore

referably 1 throu [ (
erferab!y 1%19?%?$ﬂ§ 1??5°§ﬂ%€§f:b@P£% ﬁélE?gfEgzﬁr?iazgaTgﬁEZWW?EZﬂﬁé
nole ratio o or A : _
recovery of_tHégggfti%?%ggﬁgggrgécgggge%FgﬁﬁduFf??&l 3?“&ﬂﬁ\i§ﬁ?§ﬁﬂe§§?tlo
of the terty arypn@nt8ecexcgedmitiae aforementioned range, the yield 15 o
trinethyl ol al kane is no I onger 1 nproving, and an acid required for

neutralization coStHhemicl aNeh@id OBHEEnbi PBring 160GYdLY J Cﬁ%t@?e eggvery of
the tertiary amne. The amount of water to be used”is 200 throug 0 % by

wei ght, and prefefebalyl@sd tHrough 66 1%y norie bl eFerib1he bagihsffqh he
total anmount of the n-al kanal, the formal dehyde and the tertiary am ne. The
al dol condensatiomalegi iper ilsmodedafithle ai-abkanal. The mole ratio of

thetertiary amine tobeused is preferably 1 through 2moles,

10 more preferably 1.1 through 1.5 moles, per 1 mole of the
n-alkanal. When themole ratio of the formaldehyde exceeds
theaforementionedrange,therecoveryofthetertiaryamine
becomes difficult. Also, when the mole ratio of the
tertiary amine exceeds the aforementioned range, the yield

15 of trimethylolalkane is no longer improving, and an acid
required for neutralization costs more and a longer time
is required for the recovery of the tertiary amine.

The amount of water to be used is 200 through 600 %
by weight, and preferably 250 through 500 % by weight on

20 the basis of the total amount of the n-alkanal, the
formaldehyde and the tertiary amine.

The aldol condensation reaction is conducted at -5
through 90°C, and preferably, 10 through 60°C. When the
temperature is lower than -5°C, the reaction speed is very

25 1low, and when the temperature exceeds 90°C, a by-product
is easily produced. The crossed Cannizzaro reaction is
conducted at 20 through 90°C, and preferably, 40 through

80°C. When the temperature is lower than 20°C » the reaction



through 90[err]C, and preferably, 10 through 60[err]C. Wien the tenperature
I*’s | ower than -5[err]C, the reaction speed is very 25 |low, and when the
tenperature exceeds 90[err]C, a by-product is easily produced. The crossed
Canni zzaro reaction is conducted at 20¢g hrough 90[err]C, and preferably, 40
through 80[err]C. \Wen the tenperature is |ower than 20[err]C the reaction
9 requires a significantly long tine, _and when the tenperature exceeds
90[err]C, a bFeFUdRS adtimifiranklsdondting, @nd yhapithe FpRReratHre aci d
tends to be produced. In this _ invention, the aldol condensation reaction
and 5 the cr@é‘é’&f%rﬁﬁ Qz'araobryéé{ﬁQW‘ér%t%%EcEgépvél §aproefcegtiary

Th f f t 10 th h
A0[err]C so ad Rt HrY LoehiftERE SRR ashdih a3t edact i on, and then
set at 40 through gQl&f{d n%%rftg.otrp %grﬁy abi Whfted L8 £5 R%@?gssed

reaction. 10 After t condensation reaction an

Canni zzar osr eagid @Po358d UM £ Ao EQQCQGIcﬁi aed srﬁ%‘édﬁkr@l%bﬁb%éeﬁélfﬁt ed
up to a tenperature at which the salt of tertiary amine with formc acid

produced as theherafoahicimora phe fidiabipl ) el sapetadird hay Edyrsd sted | i ng
the 15 tertiary amne and water. Preferably, the reaction mxture is
ultimately heated @ ccH2fugtor o0¥h sk errd Gua indyderoclesd tihe saldo Df
tertiary amine with formc acid is thermally dissociated into formc acid
and tertiary Sendengatide teaqtioy, Aandechen set axt ckh Wheaish i89°6d sfor omi

the reaction 20 m xture.
as to mainly proceed the crossed Cannizzaro reaction.

10 After the aldol condensation reaction and the crossed
Cannizzaro reaction are completed, the obtained reaction
mixture is heated up to a temperature at which the salt of
tertiary amine with formic acid produced as the by-product
can be thermally dissociated, thereby distilling the

15 tertiary amine andwater. Preferably, the reactionmixture
is ultimately heated to 120 through 190°C in order that the
salt of tertiary amine with formic acid is thermally
dissociated into formic acid and tertiary amine and the
tertiary amine and water can be distilled from the reaction

20 mixture.

The heat treatment of the reaction mixture can be
., conducted under reduced pfessure, atmospheric pressure or
increased pressure. Thedistilled tertiary amine is reused
in the production of trimethylolalkane of this invention.

25 The distillation of the tertiary amine and water by heating
the reactionmixture is conducted so as to reduce the content
of water in the residue to be smaller than 20 % by weight.

In this manner, the tertiary amine can be recovered at a



The heat treatnent of the reaction m xture can be conducted under reduced
pressure, atnospheric pressure or increased pressure. Thedistilledtertiary
amne is reused in the production of trinethylolalkane of this invention.
25 The distillation of the tertiary fine and water by heating the
reaction mxture is conducted so as to reduce the content of water in the
residue to be smaller than 20 % by weight. In this manner, the tertiary
am ne can be hdavydeddat 4n parbipughryi @ldost|alparatieculisr prefessbly |
water is preferably distilled for recovering the tertiary anmine in a high
yield. The reﬁltﬁ]ieﬂo‘ﬁﬁ%lfﬁédr%WH%f—PHIql}fbt?Ffé;ltaé’li't?’&Weaﬁﬂ Ad iR Vigd€ -t he

f t ft t hyl ol al k d 3 t bet

L1 ot hy! ol al kBBE AP 1% o GRE oy 8au5r°%r T S9 HaFY amine

di t I Lhe. abt d t
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water, thegreg ne‘l‘{fa{&r SpaeRkef tgegll% %&%ﬁ&rﬁ% é{@&ef%rxﬁgct hat gt he

formate of tr| kane I nclu in“the residue can econposed into

trimethylol al Ipaﬂmu@éw fivE6 QRN ABALhaFRAN @idddteia®ish Or water and carbon
nmonoxi de. The anmount of water to be used is 5 through 50 parts by weight,

and preferably 7 1Subkkguegit13Q pdrd sobtya iwédhtepelud0Q spatelaz tad weight of
the residue. Wen the anount of water is smaller than this range, the
formate of triwadtdryl cirmdmbe, i primafycamines cddecEpusdariVieminge anount

exceeds the range, although t here ar,i ses .
When the residue is reacted with water, the residue

10 is heated in the presence of water, so that the formate of
trimethylolalkane included in the residue can be decomposed
into trimethylolalkane, and hydrogen and carbon dioxide,
and/or water and carbon monoxide. The amount of water to
be used is 5 through 50 parts by weight, and preferably 7

15 through 30 parts by weight per 100 parts by weight of the
residue. Whenthe amount of water is smaller thanthis range,
the formate of trimethylolalkane is difficult to decompoée.
When the amount exceeds the range, although there arises
no specific problem in the decomposition, the usage

20 efficiency of a vessel is poor. The amount of water can
be adjusted within the aforementioned range by controlling

.the amount of water to be distilled in the distillation of
the tertiary amine and water from the reaction mixture
through the heating treatment. However, it is preferred

25 that water is added at the aforementioned proportion to the
residueobtained by distillingalmostall thetertiary amine

and water from the reaction mixture.



no specific problemin the deconposition, the usage 20 efficiency of a
vessel is poor. The anpunt of water can be adjusted within the

af orenenti oned range by controlling the anount of water to be distilled in
the distillation of the tertiary am ne1gnd water fromthe reaction mxture
through the heating treatnment. However, it is preferred 25 that water is
added at the aforengntioned progprtion to the residue obtained b

distilling al nost € FRE TG 2AFUSRthEPENtOTRRER 9% SmimedhvdR Qb‘ﬁaned
I Xt . 11 ' t he f t f j net h | al k
Wter can be ndbdUdEEF HallnaRILE LAY RGeS mit LT ERt hE St had
id d | . | |
resiaue under g HM%%@:GPES§§HE1% uhfet (iﬂ%?e%eerdeg?gsggg < nghgll"légsure

catal yst is used, the reaction i's carried ouf gener y-under

of 6.9 MPa (70ckgé/whbeer hd RbbhesShetdaNd RN AP Jebd Nr (35
t hrough 60 kgf/cnferr]) at 200 throﬁgh 380[er?is%?l§n§s§r‘jte'fera Ih:yeliazciﬁbiv‘!:)IEil

t hrough 28 eri$ Gatrniédi sutngeaeraily QUGS e td¥e § O £ Pfo
trimet hyl ol al kane can be efficiently 10 proceeded, and trinmethyl ol al kane

i s produced friogf{em’ ¥ oymetes®f andnprefeohhlliyade 4i mhaohigdh syieiMba A9,
the reaction between the formate of trinethylol al kane and water can be nore
easily and noreheengki 6At kgffenmf br abd2By hbabugd Bi00 °Cesiadde pire fidymbly
presence 15 of. a noble netal catal yst. Exanples of the noble netal

catal yst incl Oat?ﬁ?ﬁ@hi%ﬁpégtaI%%chESrmﬁﬂnaﬁvcﬁhal9§F9m@°§Qﬂinﬁtpﬁ

the formate of trimethylolalkane can be efficiently
10 proceeded, and trimethylolalkane is produced from the
formate of trimethylolalkane in a high yield.

Also, the reaction between the formate of
trimethylolalkane and water can be more easily and more
efficientlyperformedbyheatingtheresidueinthepresence

15 of a noble metal catalyst.

Examples of the noble metal catalyst include a
ruthenium catalyst, a rhodium catalyst, a palladium
catalyst, an osmium catalyst, a yttrium catalyst and a
platinum catalyst. Among which a palladium catalyst is

20 preferred. Alternatively, a noble metal catalyst obtained
by modifying any of these noble metal catalysts with a group
. 14 element of the periodic tablecanbeused. Inparticular,
anoblemetal catalyst modified with lead is preferred. One
oracombinationoftwoormoreofthesenoblemetalcatalysts

25 can be used.

Generally, a noble metal catalyst supported by a
carrier, such as carbon, alumina, silicaora highmolecular

compound including a basic nitrogen atomic group, in an



catal yst, an osmumcatalyst, a yttriumcatal yst and a pl ati num cat al yst.
Anmong which a palladiumcatalyst is 20 preferred. Alternatively, a noble
netal catal yst obtai ned by nodi fying any of these noble netal catal ysts
with a group 14 el enent oftheperiodictapl ecanbeused. Inparticular, a noble
metal catalyst nodified with lead is preferred. One or a conbi-nati on of
two or nore of these noble netal catalysts 25 can be used. %n rally, a
nobl e netal c&MAY °Lufpdr FBIOBIRa10aF PR WelIRh 1] uSfdyon T %ﬁ’irﬁh, £

ound. i ncl udi.n en_atom.c
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noble metal caldlaisfent in the THEe8URUAL of difie iuhle Wisl cataiyst to be

used is 1 through 15 % by wei ght per 100 % by weight of a formc aci

conponent EHCOOH) phedamednthesughehydbokyfmietadf chiballermebenef used is
trimet hyl ol al kane included in the residue. Furthernore, when a solid acid
catal yst i s udedhidugigdither byn weisyhie cqpepokd0i vrbpfweéhghtoofmaefotmic
trimethyl ol al kane, tinme required for the deconposition can be shortened.
Exanpl es of t &€ igbciogpadien tc 4HEOPH) paoidywheqd dhrjcugdl hydredyedisdef gheaci d
i on exchanger, natural and _s%nt hetic zeolite and heteropol yacid, One or a

combi nati on 159FMati of holkethryindadkage dncdivfacitidt ysie £8RiBBCused.

Furthermore, when a solid acid catalyst is used
10 together in the decomposition of the formate of
trimethylolalkane, time required for the decomposition can
be shortened. Examples of the solid acid catalyst include
Y - aluminum oxide, an acid ion exchanger, natural and
synthetic zeolite and heteropolyacid. Oneor acombination
15 of two or more of these solid acid catalysts can be used.
The amount of the so0lid acid catalyst to be used is
0.1 through 5 parts by weight per 100 % by weight of the
formic acid component (HCOOH) produced through the
hydrolysis of the formate of trimethylolalkane included in
20 the residue.
When the noble metal catalyst is used, the reaction
. between the formate of trimethylolalkane and water is
conducted under atmospheric pressure or an increased

pressure of 1.96 MPa (20 kgf/cm®?) or less, preferably 0.49
25 through 1.47 MPa (5 through 15 kgf/cm?) at 50 through 300°C,

preferably 80 through 250°C. 1In this manner, the

decomposition of the formate of trimethylolalkane can be



The amount of the solid acid catalyst to be used is 0.1 through 5 parts by
wei ght per 100 % by wei ght of the fornmic acid conponent (HCOOH) produced

t hrough the hydrolysis of the formate of trinmethyl ol al kane included in 20
the resi due. When the noble netal catalygst is used, the reaction between
the formate of trinethylol al kane and water i s conducted under atnospheric
pressure or an | greased pressure of 1.96 MPa (20 kgf/cnjerr]) or |ess,

preferably 0.498551cigndlgh PFoFeeged ( E%Wtﬂymé‘% E?r}’; REOCGECed

th h 300 C f bly .80 t th
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5 amine, the residue is mxed and reacted w th armoni‘a, primary am

secondary arg neamiheyebjepredudury ity inBisy! #hal kéﬂ@t@ﬂdvﬁﬁkpraﬁﬁm:g& As
the primary am ne and the secondary am ne, a conpound including, in its
nol ecul e, at | epsimang Rinineger atearonkdhrposmmifew the@edyoipriotudiy ogen
atons can be used. Preferably, primary nonoam ne and secondary nonoam ne
including, in tWeimerbydedrdsanenand ta oiprmambdebonded with one or two

hydrogen atons are used, As the anmpnia, the p r|narz am ne and the
secondary anine realteHRGRHMARY pABLARRIANGLhe secondary amine, a compound

including, in its molecule, at least one nitrogen atom
10 bondedwithoneor two hydrogen atoms canbeused. Preferably,
primary monoamine and secondary monoamine including, in
their molecules, one nitrogen atom bonded with one or two
hydrogen atoms are used. As the ammonia, the primary amine
and the secondary amine reacted with the formate of
15 -trimethylolalkane, ammonia, primary monocamine and
secondary monocamine are preferred.
Examples of the primary monoamine include aliphatic
primary monoamines such as methylamine, ethylamine, n-
propylamine, isopropylamine, n-butylamine, isobutylamine,
20 n-pentylamine, isopentylamine, neopentylamine, n-
hexylamine, 2-methylpentylamine, 3-methylpentylamine,

. 2,2-dimethylbutylamine and 2,3-dimethylbutylamine;
alicyclic primary monoamines such as cyclopropylamine,
cyclobutylamine, cyclopentylamine, cyclohexylamine and

25 any of these alicyclic amines including, in the ring, a
carbon atom bonded with an aliphatic hydrocarbon group such
as a methyl group, an ethyl group, an n-propyl group, an

isopropyl group, an n-butyl group and an isobutyl group;



15 trinethyl ol al kane, anmonia, primary nonoam ne and secondary nonoam ne
are preferred. Exanples of the primary nonoam ne include aliphatic primary
nonoam nes such as net hyl am ne, ethylam ne, n- propyl am ne, isopropyl an ne,
n- butyl am ne, isobutylamne, 20 n-pen{xlam ne, isopentylam ne,
neopentyl am ne, n- hexylam ne, 2-nethyl pentylam ne, 3-nethylpentylan ne,
2,2-dimethyl butyl am ne and 2, 3-di net hyl butyl am ne; alicyclic primary
nonoani nes suéﬁ“bsaE?BP5ﬁFo§$P&ﬁﬁﬂeNQHRﬁmkﬁRWI%%?heasc§éﬁéﬁéﬁbylanlne

cycl ohexyl am ne and 25 any of these alicyclic am nes including, in the
ring, a car borp%‘tm%hﬂéd \ﬁﬂﬁh%ﬁeﬁm’ﬂaﬁ&ﬂ-i"@ hﬂaj1 BE%FSBHYQJPB'&}S‘E‘SIU&P%S a

met hyl group, ethéhQ%QUQ oxﬁQthpg{REX Tihele i) {h%OBre?x@Qneqrrorp

n- but yl groupi% an 1'so uty rou i c o primary ‘nonoa nes

such as anili ?QE%EH rr e
and any of th%n@?@%tﬁg@g%ln er ern thelﬁdB m[l mggu@g%%o%\%wﬁggth an
al i phatic Isydrm@pangéwl g%'é@ﬂ),a&n% Wl érgﬁﬁl,ll%m 28o8EBYY 1 9%1%!@ ,an

n- propyl group, an 1sopropyl group, an n-butyl group and an isob group.
Exanpl es of t hen secontalygroapaande anndldulentayi ngrebp ai ned by subst ituting
a hydrogen atom bonded with a nitrogen atom of any of the aforenmentioned
primary 10 nnnoanﬂm@@pM331Qﬁ1thépmembndhydrmoapbmdqy%iannim aminenet hy
group, an ethyl group, an n- gropyl group, an |sopropz group, an n-butyl
group, an |SObUT®41@$6ub¥ §BRbstituting a hydrogen atom bonded with a

nitrogen atom of any of the aforementioned primary

10 monoamines with an aliphatic hydrocarbon group such as a
methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, an
n-pentyl group and an n-hexyl group. Specifically,
examples of the secondary monoamine include aliﬁhatic

15 secondary monoamines such as dimethylamine, diethylamine,
di(n-propyl)amine, diisopropylamine, di(n-butyl)amine,
diisobutylamine, di(n-pentyl)amine and.di(n-hexyl)amine;
alicyclic secondary monoamines such as N-
methylcyclopropylamine, N-ethylcyclopropylamine, N-

20 methylcyclobutylamine, N-ethylcyclobutylamine, N-
methylcyclopeﬁtylamine, N-ethylcyclopentylamine, N-

. methylcyclohexylamine and N-ethylcyclohexylamine;
aromatic secondary monoamines such as N-methylaniline,
N-ethylaniline,N-methylbenzylamine,N—ethylbenéylamine,

25 N-methyl-a -phenethylamine, N-ethyl-a -phenethylamine,
N-methyl-G -phenethylamine and N-ethyl-2G -
phenethylamine; and nitrogen containing cyclic secondary

monoamines such as pyrrolidine, piperidine, homopiperidine,



n-pentyl group and an n-hexyl group. Specifically, exanples of the
secondary nonoani ne include aliphatic 15 secondary nonoam nes such as

di met hyl am ne, diethylanmine, di( n-propyl) anmine, diisopropylamne, di
(n-butyl) amine, diisobutylam ne, di(nqgentyl)am ne and di (n-hexyl)an ne;
alicyclic secondary nonoani nes such as N met hyl cycl opropyl am ne,

N-et hyl cycl opropyl am ne, N- 20 net hyl cycl obutyl am ne, . _ .

N- et hyl cycl obuRgFRRPA&DEN. amek WIW@@LyBQTﬂdGPQNaBt aiphaitdpent él ani ne,
N net hyl cycl ohexyl ami pe and N- et hyl cycl ohexyl am ne; aromati c secondary
nonoani %esysugl?'y‘§§°ﬁ?ﬁ§f’ﬂy9’éﬂ}‘?i' nBUCR ] R PERYilngroNPwed Bya Wt VI 08 Pe,

| ani ne,._ 25 hyl - - ph t hyl am ne,
N et ol Lort] Db mihuhiateuRy Ad T4 PeFORRL d tiﬁ“e?aﬁ«,pawlﬁgla%oupdand
hyl - -_Dbh ] : iLLr caont.ai nin cli,c condar
ronoan noe. shoTRaEPeb R RTLREL0T o TE AL YA ' SRR

mor phol | ne.s angl 2a pMBRURHekRChudiay S Sfd phat s hugr ocarbon group, such
as a nethyl group, an ethyl group, an n-propyl group, an isopropyl group,

an n-butyl group amhednndifitityt tHePmmbRNAGdtWet Pramadybamidsom i nide
ring 5 of any of these nitrogen cyclic am nes. The anmpunt of the ammoni a,

the prinmary ardewomdatrjpeasénentaryeansed tie hemosedorsmbren| prefdiifly
preferably 1.1 through 2.0 noles, per 1 nole of the formc acid conponent
i ncl uded in tHe ¥ h¥augho? - § modeshyp o 3l kahe o f\ites folre 1€0e @hd gompein drie

noni h | nar | ne_or the secondar
a nia, t el%hé?hgégn}n the formate of e&imethylolalkane. When the

10 amount of the ammonia, the primary amine or the secondary
amine is smaller than this range, the formate of
trimethylolalkane remains in the residue.

The reaction between the formate of trimethylolalkane
included in the residue and the ammonia, the primary amine

15 or the secondary amine is conducted at a temperature of room
temperature ormore, and preferably at a temperature ranging
between room temperature and 130°C, under atmbspheric
pressure, reduced pressure or increased pressure. This
reaction is an exothermic reaction. Hhence, the ammonia,

20 theprimary amine or the secondary amine is preferably added
dropwise to the residue while keeping the aforementioned

,tempefature with stirring the residue. The ammonia, the
primary amine or the secondary amine can be dissolved in
a solvent to be mixed with the residue, and the solvent is

25 preferably water.

The method of this invention can be carried out by a

batch method or a continuous method. Now, a preferred



amine is smaller than this range, the formate of trinethyl ol al kane remai ns
kn the residue. The reaction between the formate of trinethyl ol al kane
included in the residue and the anmonia, the prinmary amne 15 or the
secondary amine is conducted at a tenpggature of roomtenperature or nore,
and preferably at a tenperature rangi ng between roomtenperature and

130[ err] C, under atnospheric pressure, reduced pressure or increased
pressure. Thi embsatinent iof thecimvértivn adepting. thdadsh medhodwnild, 20
the primary am ne or the secondary amne is preferably added dropw se to
the resi due w4 ele&pibeAd+ he af orementioned tenperature with stirring the
resi due. The ammon t he g[inary am ne of _the secgndar am ne can be

di ssolved in a soIVéﬁgetBeﬁ 1RExBP 4K PRT BN ERFBRS egﬁeétﬁé'goFOEHPng 25
f bl t T t h f.this | ti b ' b

batch mothod O G MgRS ¥idud Rethots RoRERangRa; APAohacer: kTepcbhefia o

t he i ti ' t t had _ wil ' . ' '

it ur 6. of °f o o] GIac (370t REBURNog. B HBEe Shod e BT heaPRafel ) and

wat er (250 t hreuqts 1 G &0y Wel bt a DRSHR: 88 ) achetdbdaiRUR! rahcRodl kanal ,

formal dehyde and tertiary amne) charged in a reactor at 10 through
40[err] C, n-allpardir aitfh ter-Ci,any adaia  addrdehidry SRiRePEl EheBLYHOS

n-al kanal ) are supplied to the reactor over 1 through 3 hours.
Subsequent |y, lcédnnehepexf 1imyele of n-alkanal) are supplied to the reactor
over 1 through 3 hours. Subsequently, contents of the
10 reactor is kept at 40 through 60°C for 1 through 3 hours
for completing the aldol condensation reaction, and, then,
is kept at 60 through 80°C for 1 through 2 hours for
completing the crossed Cannizzaro reaction.
After completing these reactions, the reactionmixture
15 is treated with a copper oxide catalyst at 60 through 80°C
for 1 through 4 hours, with tertiary amine added if necessary,
so that excessive formaldehyde can be changed into methanol
and a salt of tertiary amine with formic acid. The amount
of the copper oxide catalyst to be used is 0.5 through 5 %
20 by weight, and preferably 1 through 3 % by weight of the
reaction mixture.

. After the treatment with the copper oxide catalyst,
excessive tertiary amine is neutralized with formic acid,
and methanol and water are distilled from the reaction

25 mixture under reduced pressure. Then, after distilling
almost all water, tertiary amine is distilled and recovered
as an azeotropic mixture with water. The distillation of

methanol, water and tertiary amine is conducted by heating



10 reactor is kept at 40 through 60[err]C for 1 through 3 hours for

conpl eting the al dol condensation reaction, and, then, is kept at 60
through 80[err]C for 1 through 2 hours for conpleting the crossed

Canni zzaro reaction. After conpleting tilyese reactions, the reaction m xture
15 is treated with a copper oxide catalyst at 60 through 80C for 1 through
4 hours, with tertiary amne added if necessary, so that excessive

f or mal dehyde chheb&edk&igad mimtanetumrind 12 thsaidh of 9 0% tilarimateDg. wi t h

form c acid. Thcg armun}gI of the cogger oxi de catalyst to be used is 0.5
through 5 % 20 DYSVBLEhEIeaAT LPEFLRER| Imine apd g Bel, X5coEeERd as the

reaction m xtu . the treat.nent with the .copper oxide catalyst,
excessi ve tert%gﬁgégkgﬁec IFlsx%léﬁ? x-hA- o 'atsandﬁ#g% Heagh4OReIFEHOM - and

t e di st il d t .reagt.i 25 . xt ur.e under_r.educed pressure.
Then after di oFi PFESaEy, ARingRih Sethi Bt e S G iof Rt ahe

recovered as a@oaagowoaka(:r@uéte_l&%Mﬂﬂb%&étﬁéfﬂesg&%hﬂ' ation_of
y

nmet hanol , water and tertiary amne I s conducte eatl ng 17 the
reaction mxture ugd cprﬂﬁxdflli@UWinl&@ﬁﬁllelthbmh&loyl.ghT%énfgég@i
tertiary amne and water recovered as the azeotropic mXture is reused as
it is in the rketveen thstfommadre bérti angthpiloeailkahnkea it xial &r ivei13ana¢ at ed
fromwater 5 so as to be reused in the reaction system |n producing

trimet hyl ol al K&hER9hfoBghleh@etadcGadminatweenfter ddstifldioy tertiary

trimethylol al kgnr\]fng?ds Vﬂxeéug\{ltshgugarts by weight of water is added per

10 100 parts by weight of the residue. The resultant residue
is heated to 210 through 280°C under a pressure of 3.4

through 5.9 MPa (35 through 60 kgf/cm?), so as to decompose

the formate of trimethylolalkane into trimethylolalkane,

and hydrogen and carbon dioxide, and/or water and carbon

15 monoxide. The hydrogen and carbon dioxide and/or water and

carbon monoxide are removed from the system.

In producing _trimethylolalkane through the reaction

between the formate of trimethylolalkane and water by using

a noble metal catalyst, after distilling tertiary amine,

20 5 through 50 parts by weight of water is added per 100 parts

by weight of the residue. Then, a noble catalyst, and a

. solid acid catalyst if necessary, are further added. The
resultant residue is heated to 80 through 250°C under a

pressure of 0.49 through 1.47 MPa (5 through 15 kgf/cm?),

25 so as to decompose the formate of trimethylolalkane into

trimethylolalkane, and hydrogen and carbon dioxide, and/or

water and carbon monoxide. The hydrogen and carbon dioxide



using a noble netal catalyst, after distilling tertiary amne, 5 through 50
parts by weight of water is added per 10 100 parts by weight of the
residue. The resultant residue is heated to 210 through 280[err] C under a
pressure of 3.4 through 5.9 MPa (35 thri@gh 60 kgf/cnferr]), so as to
deconpose the formate of trinethylolal kane into trimethylol al kane, and
hydrogen and carbon di oxi de, and/or water and carbon 15 nonoxide. The

hydr ogen and c%?GZHrdW6%F6e%&%ﬂ9ﬂrh&ﬂeﬁo%ﬁﬁléarﬁéﬂ renexede faom rtdwved
fromthe system #n produci ng trimethyl ol al kane through the reaction

bet ween the fofhatE™of trimet hyl ol al kane and water by using a noble netal

talyst, aft di stdyl | t ' i pne,. 2 h h 50 ts b i ght
S?t &IJZ{ s gﬁéed;i?:*gféﬂ %%@%@5@?&%@9 hE w%frioﬁeiﬁ%ﬂvee i r@%?;%a%ﬁﬁ'eg
catal yst, an
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0.49 through InddodPae(drd Béﬁ'é%dlﬁrlﬁﬁft'lﬁé@?rsrt]e}w, %0 r%%n?ist&% r“s&fH?Pée

the formate of trimethylolal kane into trinefthylolal kane, and ogen and

carbon di oxi deis afitll beredt enandisei boedTONDRLEE. tFDReBNYNOARN KAHE GAMIPN
di oxi de 18 and/or water and carbon nonoxi de are renoved fromthe system

After the fornutghofuatibet fanobel leasdliys dexkatpeded and hydr ogen and
carbon di oxi de and/or water and carbon 5 nonoxide are renoved fromthe
system the resul t ¥hen hpdfRerpate|of dicimethy tvkalkard. isTmeacted with

trimethylolal kane with _. . .
ammonlia, primary amine or secondary amine so as to produce

10 trimethylolalkane and a formamide, after distilling
tertiary amine from the residue, the ammonia, the primary
amine or the secondary amine (1 mole or more per 1 mole of
the formic acid component included in the formate of
trimethylolalkane) is added dropwise to the residue, with

15 stirring, at a temperature ranging between room temperature
and 130°C. Thus, the formate of trimethylolalkane in the
residue can be reacted with the ammonia, the primary amine
or the secondary amine, thereby producing
trimethylolalkane and a formamide.

20 Trimethylolalkane and the formamide are separately
recovered from the obtained reaction mixture through

., distillation or the like.
Now, preferred embodiments of the invention will be
described, which do not limit the invention but merely

25 exemplify the invention.

Example 1:



high quality can be easily isolated. Wen the formate of trimethylol al kane
is reacted with amonia, primary amne or secondary am ne so as to produce
10 trinethyl ol al kane and a formam de, after distilling tertiary amne from
the residue, the amonia, the primary gg ne or the secondary amne (1 nole
or nore per 1 nole of the formc acid conponent included in the fornmate of
trimethylol al kane) is added dropwise to the residue, with 15 stirring, at a
tenperature rangi ngAbéﬁ\ﬂéé'—r?rr ¥drbh @nfepacity &fd 513dtéersceqnipped Mith
resi due can be reacted w.th the

bt &, the pri FEEFRSREE Gy Iﬁ?ﬁ%&‘é’écﬁﬂh‘??“%ﬁ?né smélrr@fy{aa#cﬂmgommq

' f th al kane and_.th
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i nvention will be describe 0 not

exenplify the ijMgntd R@ep@ﬁ@nf’ﬁé itner téa P’élrra%%‘ité)éfv’éﬁé] %3R35 LY (P’E)

litters equi pped with a thernoneter, are ux condenser, a stirrer
dr oppi ng funnel194s.mgar(gedO\Ambme3828f4n-gb@£aﬁai‘yaﬁﬁllm3156 l(at, IOQJanfles
f or mal dehyde (including 8.91 noles of fornal dehyde). 5 il e keeping the
i nner tenper at Wi tgfiethy lagviqteopret a@de¢drdjdpwildd frqn E2pAtat aspppfing
n- but anal and 303.6 g (3.00 nol es)
funnels over 1.5 hours, with stirring. Subsequently, the
temperature is increas edto 40°C, and the reaction is allowed
10 to proceed for'1.5 hours. Then, the temperature is
increased to 60°C. and the reaction is allowed to proceed
for 1 hour, and the temperature is increased again to 80°C
and the reaction is allowed to proceed for another 1 hour.
After the reaction, 100gof a copper oxidecatalyst is added,
15 and 53.5 g (0.53 mole) of triethylamine is further added
to the reaction mixture. The resultant mixture is stirred
for 2 hours at 70°C, thereby treating excessive formaldehjrde.
The resultant reaction mixture is filtered so as to remove
the copper oxide catalyst, and is adjusted to pH 5 by adding

20 14.0 gof formic acid. From4388.2 gof thereactionmixture
with pH adjusted, 17.9 g of methanol and 360 g of water are

. distilled at 60°C under reduced pressure of 18.66 kPa (140
mmHg). Then, at 80°C under reduced pressure of 33.32 kPa
(250 mmHg), 720 g of water is distilled, and furthermore,

25 at 180°C under atmospheric pressure, 355 g (3.51 moles) of
triethylamine is distilled and recovered as a mixture with
2470 g of water. Subsequently, 80g of water is added to

465.3 g of the thus obtained residue, and the resultant



of triethylam ne are added dropw se from separate dropping funnels over 1.5
hours, with stirring. Subsequently, the tenperature is increased to 40C
and the reaction is allowed 10 to proceed for 1.5 hours. Then, the
tenperature is increased to 60[err]C. gpd the reaction is allowed to
proceed for 1 hour, and the tenperature is increased again to 80[err]C and
the reaction is allowed to proceed for another 1 hour. After the reaction,
100g of a copmextoxteldscheakedito 280ICedorl. AntbdbBs amidn am3 invrepr said
triethylamne is further added to the reactiqgn m xture. The resultant
mxture is stiDGREFY%R 9L nbufsMBR (BPekgfdem’). Thus, a formate of

t her ebytreati ngexcessi vef or mal dehyde, The resultant reaction m xture is
1 Tterad So adhheORoVeL PFRDRBEPLhChafES ih; Bhperesaine: 4SnaPaoRBRSES pH 5
b ddi 20 .14.0 ,90f f ' ' Fromd388.,.2 fth i I, Xt Ur. ith pH
adj sted. 17. 4o AR thionahey s et b U et PP Ra AP Raer 1] ¢
d d d . 414 .r.ed d
pressur e of 3301 A SaEtamAR T TER hy akign Soadiod 1By saRi1CE
furthermore, Rttt JRP[E4FD&n URERSx ANEDIRRE I mdYESSHF 6 BRE PebBtibn

nol es) of triethylamne is distilled and recovered as a mxture with 2470 g
of water. Subssgautesnilts ¢80 atowgt 6f theaddeildte.40he3optalineldereBydue

obt ai ned residue, and the resultant 20 m xture is heated to 280[err]C
for 2.5 hours inmdardes nettkesefliopniéssarcddomot T hPafgBakgf dEnferr]).

Thus, a formate of trinethylol propane included in the residue is deconposed
into trimet hytARSPEAL LRERPIVRr o PR cEh D Iiei @ de/5-5 g of water is

10 distilled at 80°C under reduced pressure of 33.32 kPa (250
mmHg). Then, under reduced pressure of 0.4 kPa (3 mmHg),
311 g (2.32moles) of trimethylolpropane is distilled. The

yield based on n-butanal is 86%.

15 Example 2:
Triethylamine is separated from the mixture of
triethylamine and water recovered in Example 1 at 46T§.
Trimethylolpropane is produced by using 151.8 g (1.50
moles) of the separated triethylamine according to the same
20 manner as described in Example 1 except that the scale of
the reaction is halved. BAs a result, 152 g (1.13 moles)
.of trimethylolpropane is obtained. The yield on the basis
of n-butanal is 84%. The residue obtained after the
decomposition of the formate of trimethylolpropane
25 includes neither formic acid nor the formate of

trimethylolpropane.

Comparative Example 1:



5 water and carbon nonoxide. Then, hydrogen, carbon di oxi de, water and
car bon nonoxi de are renoved fromthe reaction systemto give 440 g of the
resi due. The obtai ned residue includes neither formc acid nor the formate
of trinethylol propane. Fromthe residu®j 75.5 g of water is 10 distilled at
80[ err] C under reduced pressure of 33.32 kPa (250 mmHg). Then, under
reduced pressure of 0.4 kPa (3 mHg), 311 g (2.32 noles) of

tri met hyl ol propane 2@ceFding| td. tirpesgme|vanprerdadresdribed| 1h EB8ples

Example 2: Tri gt h%l amne.is separated fromthe mxture of triethylam ne and
wat er recovered’i i ERARGLO™M M tAHSRAdIas ted e B o p‘r%p?&ﬁ'ealr%e%r ofitedd by

using 151.8 ¢ 0 _mpl_e of the .separ.ated triethyl am ne according to the
same 20 mannerﬁégédgsgfi §§8 irﬁaE?? @lf%ptléf%toénﬁﬁe%%{oﬁnghys
reaction is halved. result,.152 .09 (1 nol es) of.tripethyl ol propane
is obtained. T eggi“é egnlgh(gl%%%iigegfa}(‘\-%%ot%arﬂﬂ&?% G C#&F%%?‘él g of
obt ai ned afgerqgh | L of fo 8~ 0f t.Li l,propane 25
i ncl udes neit hle? ?g?ﬁ}fﬁ@g&%ﬁfﬁgg)t he&PgPﬁa%ig%tgf Ct Ir‘f‘%?%%%%%;%ess“e
Conpar ative Exappd®.32 kPa2{25ComiByNg 828 tHeo £arP dBNYETG @5 JEFEH | Deflgi N
Exanple 1, a reaction m xture adjusted to pH 5 is obtained. From 4388 g of
the reaction naktin’€, ukler afedmtdibpalessrtk 36T §.61 wahe(ss ki) | | 326 at

60[ err] C under reduced pressure of
g of wa_ter, 71 g (0.70 mole) of triethylamine and 364 g (2.47

moles) of the salt of triethylamine with formic acid are
10 distilled. Then, 429 g of the resultant residue, which
includes 266 g (1.98 moles) of trimethylolpropane (with a
Yield on the basis of n-butanal of 73%), 110 g of the formate
of trimethylolpropane (including 104 g (0.64 moles) of
monoester, 6 g (0.03 mole) of diester and a trace amount
15 oftriester, and52g (0.35mole) of thesaltof triethylamine
with formic acid), is distilled uﬁder reduced pressure of
0.4 kPa (3 mmHg) to obtain 150 g of the formate of
trimethylolpropane (including 133 g (0.82 mole) of
monoester, 8 g (0.04 mole) of diester and a trace amount
20 -of triester) and 246 g (1.83 mole) of trimethylolpropane

(with a yield on the basis of n-butanal of 68%).

Example 3:
According to the same manner as described in Exaﬁple
25 1, a reaction mixture adjusted to pH 5 is obtained. From
4388.2 g of the reaction mixture, 17.9 g of methanol and
360 g of water are distilled at 60°C under reduced pressure

of 18.66 kPa (140 mmHg). Subsequently, at 80°C under



5 18.66 kPa (140 nmmHg). Then, at 80[err] C under reduced pressure of 33.32
kPa (250 nmHg), 828 g of water is distilled, and at 50[err] C under reduced
pressure of 7.33 kPa (55 mmHg), 2301 g ofwater, 71 g (0.70 nole) _
oftriethyl am ne and364 g (2.47 noles) @b the salt of triethylamne with
fformic acid are 10 distilled. Then, 429 g of the resul tant residue, which
I ncl udes 266 g (1.98 noles) of trinethylol propane (with a yield on the
basis of n-butEfdi#ced pBepsure0odof3tRe kdanyi2s OofnmEg)net1dd ¢ whHpaneer
(including 104 g (0.64 nol es) of nobnoester, 6 g (0.03 nole) of diester and
a trace anpuntl13531igkiilpdst dherafd®r g 0. andsn duedsplieriet hyl ani ne

i ' ' ' i.Sfi d d d p of 0.4 kPa (3 nmHg)
Lo obt ai ' 150 RESASTRE" (549 L08 LURP REBAYS EILARRIIEL A Hee s ﬁgxst?ca(glozgeq 0.2
| e). of di trace anoun o]
[Ti obtor) and HE tedq9ptlatde e Rilard BRA A0 8 S BCRARER 6 & on t he
[ A . I ; j t . er_.as
doseribed Th Baes@iedtly, FX YR v eteRE N 6 4 shEa PR AR AR S

obt ai ned.  Fr gowifdS. @vDrfa 918 mRAGH e Modtlfr) e d dhdda &S hfw.'ig;d
360 g of water are distilled at 60C under reduced pressure of 18.66

(140 nmHg) . Suifsechmnthys abt8AGedndesiduc’? Tiesluessh DELEEURExeL a3 532 kPa
(250 nmHg), 720 g of water is distilled. Therafter, at 180[err]C under
at nospheri c priesshiad to3280{C (Bnddr ol dnrcrafaded pireglsarienoti 6. 98 tpa | @b
kgf/cm®’) for 2.5 hours, thereby decomposing the formate of
10 trimethylolpropane included in the residue into
trimethylolpropane, hydrogen, carbon dioxide, water and
carbon monoxide. Then, hydrogen, carbon dioxide, water and
carbon monoxide are removed from the reaction system.
Thereafter, 450 g of the resultant residue is filtered, so
15 as to obtain 438 g of a filtrate, which includes neither
formic acid nor the formate of trimethylolpropane. From
the obtained filtrate, at 80°C under reduced pressuré of
33.32 kPa (250 mmHg), 73.5 g of water is distilled.
Subsequently, through distillation under reduced pressure

20 of 0.4kPa (3mmHg), 311g (2.32moles) of trimethylolpropane

is obtained. The yield on the basis of n-butanal is 86%.

Example 4:
According to the same manner as described in Example
25 3 except that 16 g of 5% palladium/carbon powder (with a
50% moisture content) is replaced with 16 g of 5%
palladium-1% lead/carbon powder (with a 50% moisture

content), 311 g (2.32 moles) of trimethylolpropane is



and recovered as a mxture with 2470 g of water. 5 Subsequently, 72 g of
Wat er and 16g of 5% pal | adi um carbon powder (with a 50% noi sture content)
are added to 465.3 g of the thus obtained residue. The resultant m xture is
heated to 200[err] C under an increased2¥ essure of 0.98 MPa (10
kgf/cnferr]) for 2.5 hours, thereby deconposing the formate of 10

trimethyl ol pro Lncluded. in the residue into trjnethyl ol propane,

hydr ogen, carb§%Q§P8§F&g,°%§Fépe d %ng3ﬁe nBQiH%? q%%ﬁ? ﬁ@dﬁﬂﬂéﬁ?“%&rbon
di oxi de, water;an arb, L e re fromthe reaction system
Thereafter, 456§968?'thg9?2§§P?g ?sgggfﬁhgﬁ?ggF?l %?éﬁ?es§%15 as to obtain

438 g of a filtrahecnyhodpropeldilss NIdHeELLQT FHhC 028 the fggate of
trimet hyl ol pr opane. F?%n1?hg&§%tained fi trate,ﬂgt 8§[§Pr ¢ un eféﬁgguced

pressure of 33r82ukPanf2residiue) intlhidks Ohe ¥BhEE FSriitt ladldi®d nor the
Subsequently, through distillation under reduced pressure 20 of 0.4kPa(3

mHg) , 311 ¢ ( 2£82metespdf triimetthyllad Jpymysaeel s obt ai ned. The yield on the
basis of n-butanal is 86% Exanple 4: According to the same nanner as
described in Exanple 25 3 except that 16 g of 5% pal | adi um carbon powder
(with a 50% noi sture content) is replaced with 16 g of 5% pal | adi um 1%

| ead/ car bon podRFPLGi PR a 50% noi sture content), 311 g (2.32 noles) of

trinethylolpropane_r%sc 23 uItiFEtel obtai ned. The yield on the basis of
n-butanal is 86% THeCAEEIMTECt FBR SIREHRARRS AL qfScribed in Example

3 except that 16 g of 5% palladium/carbon powder (with a
10 50% moisture content) is replaced with 16 g of 2%
palladium/carbon powder (with a 50% moisture content) and
5 gof a silica-alumina catalyst (N-631HN; manufactured by
JGC Corporation), 311 g (2.32 moles) of trimethylolpropane
isultimately obtained. Theyieldonthebasis of n-butanal
15 is 86%. The decomposition of the formate of
trimethylolpropane is completed in 2.0 hours, and the
resultant residue includes neither formic acid nor the

formate of trimethylolpropane.

20 Example 6:
Triethylamine is separated from the mixture of

. triethylamine and water recovered in Example 3 at 40°C.
Then,trimethylolpropaneisproducedbyusing151.8g(1.50
moles) of the thus separated triéthylamine in the same
25 manner as described in Example 3 except that the scale of
the reaction is halved. As a result, 152 g (1.13 moles)
of trimethylolpropane is obtained. The yield on the basis

of n-butanal is 84%. The residue obtained after the



trinmethyl ol propane is conpleted in 0.5 hour, and the resultant residue

i“ncl udes neither formc acid nor the 5 formate of trinethyl ol propane.

Exanpl e 5: According to the same nanner as described in Exanple 3 except
that 16 g of 5% pal | adi unm carbon powdemg(with a 10 50% noisture content)
i's replaced with 16 g of 2% pal | adi unf carbon powder (with a 50% noi sture
content) and 5 of a silica-alumna catalyst (N-631HN, nmanufactured by JGC
Cor por ati on), %E9°HEPP21820RpPEsthet fonmatia @ H| b¥ bpehbylelpiropamee| y

obtained. The yield.on the basis of n-butanal 15 is 86% The
deconposi ti on %‘Pci(‘ﬁ%e? o?ﬁﬁf’ge& tormis RA i RYpahkei E0EBABReCEd in 2.0

hours, and thetf’?‘ﬁé’#%fﬂléggég“%oi ncl udes neither formc acid nor the
y propane.

formate of trine Exanple 6: Triethylam ne is separated
fromthe mxture of triethylamne and water recovered in Exanple 3 at
40[err] C. Then, trinethyl ol propane is producedbyusing 151.8 g (1.50 noles)
of the thus sepadmdpes $¢i ethylamne in the same 25 manner as described in
Exanpl e 3 except that the scale of the reaction is halved. As a result, 152

g (1.13 noles) of Aricoeidipiolpr epaneane Alhaiereds db8cyidled am ERampAY S Of
n-butanal is 84% The residue obtained after the 24 deconposi tion of the
formate of triletahyedoirisame ittt eidesj ustiedero fpat 15 d saobd adeved.he Firemmat e

of 4388.2 g of the reaction mixture, at 60°C under reduced
pressure of 18.66 kPa (140 mmHg), 17.9 g of methanol and
10 360 g of water are distilled. Subsequently, at 80°C under
reduced pressure of 33.32 kPa (250 mmHg), 720 g of water

is distilled. Thereafter, at 180°C under atmospheric
pressure, 355 g (3.51 moles) of triethylamine is distilled
and recovered as a mixture with 2470 g of water. Then, 370.2

15 g of a 47 % by weight dimethylamine aqueous solution
(including 3.86 moles of dimethylamine) is added dropwise
over 1 hour to 465.3 g of the thus obtained residue with
stirring and with keeping at 50°C or less, so as to proceed
the reaction. Then, the same temperature is further kept
20 for another 1 hour, and the reaction is then completed.
After the reaction is completed, the resultant reaction
.mixture includes neither formic acid nor the formate of

trimethylolpropane. From 835.5 g of the thus obtained

reaction mixture, at 120°C under atmospheric pressure of
25 101.3 kPa (760 mmHg), 196 gof water and 16 g of dimethylamine
are distilled. Then, at 80°C under reduced pressure of 4
kPa (30 mmHg), 256 g of N,N-dimethylformamide is distilled.

From the thus obtained residue, 315 g (2.35 moles) of



trinmethyl ol propane. 5 Exanple 7: According to the same manner as descri bed
#n Exanple 1, a reaction mxture adjusted to pH 5 is obtained. From 4388. 2
g of the reaction m xture, at 60[err] C under reduced pressure of 18.66 kPa
(140 mmHg), 17.9 g of nethanol and 10 2860 g of water are distilled.
Subsequently, at 80[err]C under reduced pressure of 33.32 kPa (250 mHg),
720 g of water is distilled. Thereafter, at 180C under atnospheric
pressure, 355 trimeshyholpsppahet is abfid imgddhrougihs dilsitdd latdiorandard as
a mxture with 2470 g of water. Then, 370.2 15 g of a 47 % by wei ght,

di met hyl ani ne PISSFUIOEi hrcd KBRNG BMEE ) ol ERegfieh donhthabands i s
added dropmﬁsezfver 1 houi to §§2.3 g of the thus obtained residue with
stirring and A% P IREP?RYLatSs58F&r]C or less, so as to proceed the
reaction. Then, the sanme tenperature is further kept 20 for another 1
hour, and the reaction is then conpleted. After the reaction is conpleted,
the resultant g {@ngm xture includes neither formc acid nor the formate
of trinmethyl ol propane. From 835.5 g of the thus obtained reaction m xture,
at 120[ err] C under 7t @RaRNM hdrBSSséFaPbtda £16h TnkePamilxicrategy, 196 ¢
of water and 16 g of dinethylamne are distilled. Then, at 80[err]C under
reduced pressurei &fhyl&iené I dwier r2® viradd M ExdinpEtdy| 108 0801 dders,
distilled. Fromthe thus obtained residue, 315 g (2.35 noles) of 25

tri met hyl ol pr dpsimethy bbbl prepanelirsopghddcediiy nsiog 1hlde® g (1.50 moles)

of the thus separated triethylamine according to the same
10 manner as described in Example 7 except that the scale of
the reaction is halved. As.a result, 156 g (1.16 moles)
of trimethylolpropane is obtained. The yield on the basis
of n-butanal is 86%. The reaction mixture obtained after
the reaction with dimethylamine includes neither formic

15 acid nor the formate of trimethylolpropane.

Example 9:
Trimethylolpropane is produced according to the same
manner as described in Example 7 except that 328.1 g (3.86
20 moles) of piperidine is used instead of dimethylamine. The

reaction mixture obtained after the reaction with

piperidine includes neither formic acid nor the formate of
trimethylolpropane. From 793.4 g of the thus obtained

reaction mixture, at 120°C under atmospheric pressure of
25 101.3 kPa (760 mmHg), 30.5 g of piperidine is distilled.
Then, at 120°C under reduced pressure of 4 kPa (30 mmHg),
395.7 g of N-formylpiperidine is distilled. Thereafter,

through distillation under reduced pressure of 0.4 kPa (3



reduced pressure of 0.4 kPa (3 mMHg). The yield on the basis of n-butanal
l*s 87% 5 Exanple 8: Triethylamne is separated fromthe m xture of
triethylam ne andwater recovered in Exanple 7 at 40[err]C Then,

trimethyl ol propane i s produced by usinggl51.8 g (1.50 noles) of the thus
deparated triethylam ne according to the sane 10 nmanner as described in
Exanpl e 7 except that the scale of the reaction is halved. As a result, 156
g (1.16 nol es)mmEg) ¢ iddel gy 2} H2 oeles ) ofobr tinethy1Phpropaing ds alitea basds of
n-butanal is 86% The reaction m xture obtained after the reaction with

di net hyl ani ne $FePrubiBe pestldprtomAsidur acithaiofiekd oBrkheebgpsis of
trimethylol pro e, Exanple 9. Trinethyl ol propane is produced according to
the same nanné&gggtaﬁgirﬂﬁeﬁ%ﬁn Exanpl e 7 except that 328.1 g (3.86 20

nol es) of piperidine is used instead of dinethylam ne. The reaction m xture
obtained after the reaction with piperidine includes neither formc acid

nor the forgmatge, ohpikl ggthyl ol propane. From 793.4 g of the thus obtained
reaction m xture, at 120[err] C under atnospheric pressure of 25 101.3 kPa

(760 mrHg), 30.5 g 1ofindfIeyishpeopsndi 58 iptedacdiesecdtdirgl €6 ke WKiRE
reduced pressure of 4 kPa (30 ), 395.7 g of N-fornylpiperidine is
distilled. Thensafiéerastdescghbddsinlirimpheundexcepducrdtp2zessarg of . 4
kPa (3 26 nmHg), 311 g (2.32 noles) of trinmethylol propane is obtained
28 % by weight ammonia aqueous solution (including 3.86
moles of ammonia) is used instead of dimethylamine. The
10 reaction mixture obtained after the reaction with the
ammonia aqueous solution includes neither formic acid nor
the formate of trimethylolpropane. From700.1 gof the thus
obtained reaction mixture, at 120°C under atmospheric
pressure of 101.3 kPa (760 mmHg), 169 g of water and 6 g
15 of ammonia are distilled. Then, at 120°C under reduced
pressure of 4 kPa (30 mmHg), 158 g of formamide is distilled.
From the thus obtained residue, 315 g (2.35 moles)'of
trimethylolpropane is obtained through distillation under

reduced pressure of 0.4 kPa (3 mmHg). Theyieldon the basis

20 of n-butanal is 87%.

According to themethod of producing trimethylolalkane
of this invention, high quality trimethylolalkane can be
easily and efficiently produced at a high yield because

25 loweringoftheyieldof trimethylolalkane due togeneration
of a formate of trimethylolalkane is avoided. Also
advantageously, tertiary amine can be recovered and the

recovered tertiary amine can be reused in the production



fromthe resultant residue. The yield on the basis of n-butanal is 86% 5
Bxanpl e 10: Tri net hyl ol propane is produced according to the sanme nmanner as
described in Exanple 7 except that 234.8 g of a 28 % by wei ght amoni a
aqueous solution (including 3.86 noles ammoni a) i s used instead of
~dimethyl amine. The 10 reaction mixturé obtained after the reaction with

t he ammoni a aqueous sol ution includes neither formc acid nor the formate
of trimethyl olpfopahmethglohaid@mne g Shushe thrmethadned praduicdmgri xt ure,
at 120[err] C under at nospheric pressure of 101.3 kPa (760 mmHg), 169 g of
water and 6 g $5'MBFREARDALEKAR ofi &hig cknvepbhonadsigorery CifirrEive
reduced pressure,of, 4.kPa ). 158 of formam de is distilled. From
the thus obtai%%%u?EEFEEe?gg%éE;%%?Q§§?ﬂé%§§b£? gaVﬁﬁFﬁﬁﬁélﬂfbﬂaﬁé is

obt ai ned throqﬁgh LStk i reduced pressure of 0.4 kPa (3 mmHg).
Theyi el dont he as?%ﬁgbgg?&n?%$ﬂ§¥§h%:§ 87% According to the nmethod of
produci ng trinethyl ol al kane of this invention, high quality
trimet hyl ol al kane can be easily and efficiently produced at a high yield
because 25 Ilowering of the yield of trinethylolal kane due to generation of
a formate of trinethylol al kane is avoided. Al so advantageously, tertiary

am ne can be recovered and the recovered tertiary amne can be reused in
t he production 27 of trinethylolal kane. Thus, the nmethod of producing



trinmethyl ol al kane of this invention is a very effective industrial nethod
with remar kabl e advantages to the conventional techniques. 28 What is
claimed is: 1. A nethod of producing trinethylol al kane which conprises a
step of reacting n-al kanal with formal gghyde in the presence of tertiary
amne and water, a step of 5 distilling tertiary am ne and water by
heating a reaction m xture obtained through the reaction between n-al kanal
and for mal dehy#ieatpisocaatimederi®:ure at which a salt of tertiary anmine with

formc acid produced as a by-product is thermal|ly dissociated; and a step
of allowing a forndte oMaphod phePRYABFiNGatE TSI 3 hkang Whéphof

ator amont SOBPHHRRS 8nf REPOFE CERORGARS APiEanal HEHebras geitde " |
duci tri I ' | | ai , in th
Pormte of iriobt bpPoPSFRaAcs o a1y 1A he; afld wetera POl Ndh 19 bt er

whi | e heatisng, : : | : - b
e heatishg d§§t§§1iﬂgp£89‘é§§rﬁzréﬁh@yéﬁhﬁggﬁg ‘?@?ﬂ%%&’g‘??%'} {44 hon

di oxi de, and/or water and carbon”nonoxide. _ pr oduci ng
trinethyl ol al k@ier@ge ¥t dith&d the otloghi #hé redtad BN bblktereledr ABAEKRhal and

trinmethylol alkane is reacted with water under an increased pressure of 6.9

MPa or | ess. 4forheldehidd wh tprademperdtuneaitywvbiahkasalacedrdintgiary
amine with formic acid produced as a by-product is thermally
dissociated; and a step of allowing a formate of

10 trimethylolalkane produced in the step of distilling
tertiary amine and water and included in a residue to react
with water, ammonia, primary amine or secondary amine.

2. Themethod of producing trimethylolalkane according
to claim 1,

15 ' wherein the formate of trimethylolalkane included in
the residue is reacted with water while heating, so as to
produce trimethylolalkane, and hydrogen and carbondioxide,
and/or water and carbon monoxide.

3. Themethod of producing trimethylolalkane according

20 to claim 2,

wherein the formate of trimethylolalkane is reacted
. with water under an increased pressure of 6.9 MPa or less.

4.Themethodof;unducingtrimethylolalkaneaccording
to claim 3,

25 wherein the formate of trimethylolalkane is reacted
with water at 200 through 300°C.

5. Themethod of producing trimethylolalkane according

to c¢laim 2,

I

T



to claim3, 25 wherein the formate of trinethylolalkane is reacted
with water at 200 through 300[err]C . 5. The nethod of producing
trimet hyl ol al kane according to claim 2, 29 wherein the fornate of
trimethyl ol al kane is reacted with watemg n the presence of a noble netal
catal yst. 6. The method of producing trinethylol al kane according to claim
5 5 wherein the noble netal catalyst is a palladiumcatalyst. 7. The

net hod of producinng?FﬁéFh§P8I§PE§ﬁ§£a€€bﬁﬂ%ﬂfﬁQY%9%?h*ﬁ?ewﬂér%Fﬁcﬁﬁé

nobl e netal catalyst i.s nodified wt

h | ead. . Th hod of
producing tri m'é’tlﬁy c‘ﬂaéi_?anlen a%}é%rafﬁﬁef‘ggcf’gil% é{°%?e?‘%?{afhg§%éh’ﬁgi'um
catalyst is nodifieg \i‘ﬁ[(ﬁ‘mn!agﬁgd qgfap%qgg}x%@grg&e%ggéﬁ'a ,?ﬁm according

trimet hyl ol al kane accor gtoc n e formate 0
trimethyl ol al kage disineacted with water in the presence of a solid acid
catal yst. 10. The method of producing trinethyl ol al kane according to claim
5, wherein 5he formhereint theehbple aldte ¢stabpsteds2@ wallll ashhid under
at nospheri c pressure or an increased pressure of 1.96 MPa or |ess.
catalyst.
7. Themethod of producing trimethylolalkane according
to claim 5,
whereinthenoblemetalcatalystisnw&ifiedwi;hlead.
10 8. The method of producing trimethylolalkane according
to claim 6,
wherein the palladium catalyst is modified with lead.
9. Themethod of producing trimethylolalkane according
to claim 5,
15 wherein the formate of trimethylolalkane is reacted
with water in the presence of a solid acid catalyst.
10. The method of producing trimethylolalkane
according to claim 5,
wherein the formate of trimethylolalkane is reacted
20 with water under atmospheric pressure or an increased
préssure of 1.96 MPa or less.
11. The method of producing trimethylolalkane
according to claim 10,
wherein the formate of trimethylolalkane is reacted
25 with water at 50 through 300°C.
12. The method of producing trimethylolalkane

according to claim 2,

e



11. The met hod of producing trinethyl ol al kane according to claim 10,
wherein the formate of trinmethylolal kane is reacted 25 wth water at 50
through 300[err]C. 12. The nethod of producing trinmethyl ol al kane accordi ng
to claim 2, 30 wherein 5 to 50 partggoy weight of water is added to the
r‘esi due obtained after the distillation of tertiary amne and water per 100
parts by weight of the residue. 13. The method of producing

trimet hyl ol al kane Fhe%®Iei hgte o ¢IRAFHS biviee bRt 19 Watant s otdded to
trinmethyl ol al kape included in the residue is reacted with ampnia, primry
ami ne or secongg?yrﬁﬁFHEF obtainsd Abuttet b feEhyldrtieme hriestiary

formam de. 10 met ho oducj ng_ tri al kane,

. 14.., . T g th |
according to C?%%ﬁ]elg,%dmﬁea&elrn q%edlam%’é,sp ¥ n¥{Fy 93 ﬁ’g S TR -
cordl o . . . ! ey
mothod of produc ng 111 i 0f fEoSuSEaa" (Hthd R {fkade. 1€ (o

tertiary a@ru%ggggahhﬁdtgr@mgﬂﬁafpaction m xture is reused in a
production of trimethylol al kane. 16. The nmethod of producing

trimethyl ol al kane agerelimgHe fArmidld o2& rimet WITEATkdNE 1861 hdEY BRI Ne
is triethylam ne.
the residue is reacted with ammonia, primary amine or
secondary amine, so as to produce trimethylolalkane and a
formamide.
10 14. The method of producing trimethylolalkane
according to claim 13,
wherein the ammonia, primary amine or secondary amine
is ammonia, a primary monoamine or a secondary monoamine.
15. The method of producing trimethylolalkane
15 _according to claim 1,
wherein the tertiary amine distilled from the reaction
mixture is reused in a production of trimethylolalkane.
16. The method of producing trimethylolalkane

according to claim 1,

20 wherein the tertiary amine is triethylamine.
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Abstract

PRODUCING METﬁOD FOR TRIMETHYLOLALKANE

High quality triméiﬁylolalkane can be easily and
efficiently produced at a high yield through a reaction
between n-alkanal and formaldehyde in the presence of
tertiary amine and wate¥, in which a reaction mixture
obtained after the reaction is heated up to a temperature
at which a salt of tertiary amine with formic acid produced
as a by-product canbe theétially dissociated so as todistill
tertiary amine and watexr from the reaction mixture, and a
formate of trimethylolaiiane produced in the distillation
of tertiary amine and coﬁéiined in a residue is reacted with
water, ammonia, primary ifline or secondary amine; and the
tertiaryaminedistilled%iomthereactionmixtﬁreisreused

in producing trimethyloiilkane.
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