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PRODUCI NG METHOD FOR TRI METHYLOLALKANE BACKGROUND OF THEOQNMQNIUCN
The present invention relates to a nethod of producing 5

tiri met hyl ol al kane by a reacti on between n-al kanal and fornaldéﬁ?ﬁb {?P*{
the presence of tertiary am ne and watey. Trinet hyl ol al kane is 7 <
useful as a raw material for an al kyd resin, a polyurethane resin, a
(un)saturated pol yester resin, a synthetic lubricating oil, a
surfactant, 10 a reactBREDUOINWGEMERRADt FOR MRIMETHYLOLALKSNE known net hod
of producing trimethyl ol al kane, n-al kanal is reacted with fornmal dehyde
in the presence of a hydroxi de of an al kaline netal or an alkali earth
met al . In this nethod, al kaline netal formate or alkali earth 15

met al fornate3&?%ﬁ%@ﬁ§@d°§sTEEb}%MEﬂﬂRQN Trimet hyl ol al kane is

catalytically ther deconposed b format e, cordi ng
conducting di stit1 Mheokres AT CREEnE on rabsher i an’aebhpﬁf% RS G ue

L1 met hy! oPal RAEMPF B PRELERDS HQeﬁéfsar b aEveBh Y atestin FRECT T

trlnethylolalka or e earth

metal formate %{/&ﬂgﬂ&éh%epiﬁ C%\@% nce of't?éfitfir%rémgya{r% %%%@é‘f from

bei ng | overed catal yti ermal deconposition. Thus
separation is T i 8PP 1k ZPe is udSfal 8P4 BB tOfidlefor an

af orenenti oned net hod, a met hod of producing trinmethyl ol al kane by
using tertiaryalkyd resin, a polyurethane resin, a (un)saturated
polyesterfesin,asyntheticlubricatingoil,asurfactant,
10 a reactive monomer and the like.
As a known method of producing trimethylolalkane,
n-alkanal is reacted with formaldehyde in the presence of
2 hydroxide of an alkaline metal of 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 distillatioh, a
general isolating and purifying technigque 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
catalyt%g'thermal decomposition. Thus, the separation is
troublegomg.
25 As anhimprovement of the aforementioned method, a
method of producing trimethylolalki?e by using tertiary

amine and water instead of the hydroxlge of an alkalinemetal

or an alkali earth metal has been proposed (West Germany



am ne and water instead of the hydroxide of an al kaline netal or an

‘alkali earth netal has been proposed (West Germany Pat ent No.

1952738). In this nethod using tertiary am ne, the formate produced as

a by-product is a salt of tertiary samne with formc acid, which does

mot catal ytically thermal |y deconpose trinethyl ol al kane. Therefore,

t he 5 thermal deconposition of trinethylol al kane can be suppr essed.

In this nethodPatgatsHpr b$52238) ar I mkhds method usipgreeEtiary amine,

separ at ed fron1 rinet hyl ol al kane utilizin difference in the

bol | ng poi nt s thet &Béﬂgt’:ﬁei’mduc?gl%sa?hH’Yt'rH’?Pedc 46K dioaPKERLE O igpertiaty

However, the afo&eneg}l owganethod hggeghe ta& qg}

di sadvant age. PR e Yse glar a%rinb i ’sa"ﬁ‘l%? Pé)rt A ¥h

formc acid fr | di n
eHELhiaTa) ;hmge%adm inetnyyah A9xHAR % E:%%‘?—. e

boi ling points t erebe formc produced
di ssoci ati o ofchbmaqaléeco]&pdseﬁcm% vé £ htfimeewmlaqlkla%@ d#n pgoduce a

format e of trimethyl ol al kane. As a result, the yield of
tri met hyl ol al keappiresis@ter edn this metSUHIVPBYe@EIIH-Ef PN $NamdBe withl N
order to overcone the aforenentioned conventi onal di sadvant age, the

present invent 6psmigv@cdd eissisaparated EI@Miediaembwmmiaﬁkqnething
trinethyl ol al kane _hy a
utilizing a difference in the boiling points between the
salt and trimethylolalkane.

10 However, the aforementioned improved method has the
following disadvantage. In 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

15 reacts with trimethylolalkane to produce a formate of

trimethylolalkane. As a result, the yield of

trimethylolalkane is lowered.

SUMMARY OF THE INVENTION

20 In order to overcome the aforementioned conventional
disadvantage, the present inventors 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

25 that lowering yield of trimethylolalkane can be prevented
by heating a reaction mixture obtained after the reaction
so that a salt of tertiary amine with formic acid included

in the reaction mixture can be efficiently decomposed into



reaction between n-al kanal and fornal dehyde in the presence of
tertiary amne and water. As a result, they have found 25 that |owering

yield of trinethylolal kane can be prevented by heating a reaction

m xture obtained after the reaction 3so that a salt of tertiary am ne
with formc acid included In the reaction mxture can be efficiently
deconposed into hydr ogen and car bon di oxi de and/or water and
carbon nonoxi d&YdrogemARdcaRosy §lakide and/or watergnd fanhes BOBPXiARe
finding, the pres nventi on, has been conpl et ed. 5

Furthermore, tR&% &r‘ﬁta’réﬁ/r%nﬁ%n%r oduced t hrough the decorrposition of

a salt of tertiary g prowblD;COLE €ndg ¢inaindAhibe SASILY, M eCOXELEY

t hrough distillation an Freuse he™ pr
trimethyl ol al kang pHUS.comp l?ggpgher aspect of the invention has been
ca

conpl eted. 10 Speci f1 l'y, the invention provides: (1) a
nmet hod of psoduci ngraitRethykel atkaneeybighy amineOpPbiaeed €8¢buld® the
n-al kanal with fornmal dehyde in the presence of tertiary am né and

wat er, and headiecgpntduesition bgaats aht ro X ttere iohtvianddh aftiah Ebemieaatign so
that a salt 15 of tertiary amine with formc acid produced as a

by- pr oduct cajns bfe @ fidsedr ¢IR = hgdr bheaughd d@&rtbdriamm den@ndanr beat er
and carbon nonoxi de, and tertiary am ne; and (2) a method of

produci ng trinéﬁﬁfﬁﬁz%QGﬁﬂ? Rrpditfiehon of trémedhyilolpldmne- pridviked
through deconpgil '%r(gsﬁggi of the invention has been completed.

io0 Specifically, the invention provides:

(1) a method of producing trimethylolalkane which
comprises reacting n-alkanal with formaldehyde in the
presence of tertiary amine and water, and heating the
reaction mixture obtained after the reaction so that a salt

15 of tertiary amine with formic acid produced as a by-product
is decomposed into hydrogen and carbon dioxide and/or water
and carbon monoxide, and tertiary amine; and

(2) a method of producing trimethylolalkane, in which
the tertiary amine produced through decomposition of the

20 salt of tertiary amine with formic acid produced‘as the
by-product in the method (1) is recovered through
_distillation from the reaction mixture and is reused in
producing trimethylolalkane.

In this manner, according to the method of producing

25 trimethylolalkane of this invention, there is no need to
separate the salt of tertiary amine with formic acid
produced as the by-product from trimethylolalkane after

completing the reaction, and production of a formate of



20 salt of tertiary amne with formc acid produced as the by- pr oduct

inp the nethod (1) is recovered through distillation fromthe reaction
m xture and is reused in produci ng trimethyl ol al kane. In this
manner, according to the nethod of prodycing 25 trinethylolal kane of this
i hvention, there is no need to separate the salt of tertiary am ne
with formc acid produced as the by-product fromtrinethyl ol al kane
after comfireMefhY elathanporanahe previaitissh- of a formate of

4 trinethylolglk n% can _be prevent ed. DETAI LED DESCRI PTI ON
OF THE | NVENTION  DETALLED ?ﬁéﬁﬁ?&%‘?‘?o%o?ﬂ?rwﬁ?ﬂw&l“al kane in the

t i ' ti t -al k I d 5
Formal dehyde it he- BeoBeaascartdhy 4 Gt ey Rt 8  Raber 107 en? prpsent.
(1) prOdUCt'Onﬂﬂbéﬂﬂggnt{ﬁfWQﬁhaQ 2kd8k i on beéﬁHHH”KEﬁiﬁgh%fagﬁhon :
bet ween n-al kanal and formal dehyde I'n the presence 0 ertrary am ne,

and (2) proguctficaimadidenyde iditHd pitoLahkanss apdraisalt apinbeshi I ne
with formc 10 ad(jtkﬁough a crg%ied Cannizzarg %ea%t?onnan%hgagFE%?

f or mal dehyde, tempmrsesani he pnddwatedbn of aldol tHiUEH £ecOIREsi tion of
the salt of tertiary am ne with formc acid produces hydrogen and

car bon di oxi decgmdleansation wragt tonl etrween morakkaea 1l aand t s tnal gehpidee.
15 In assumi ng that triethylam ne and n-butanal are used = as the
tertiary am ne ZndPeh@IRSaNEHAL Yy \ariney end (2) production of

trimethylolalkane and a salt of tertiary amine with formic

10 acid through a crossed Cannizzaro reaction among aldol,
formaldehyde, tertiary amine and water.

Thermal decomposition of the salt of tertiary amine
with formic acid produces hydrogen and carbon dioxide and/or
water and carbon monoxide, and tertiary amine.

15 In assuming that triethylamine and n-butanal are used
as the tertiary amine and the n-alkanal, respectively, the
aldol condenéation reactio@, the crossed Cannizzaro
reaction, the thermal decoméos ition of the salt of tertiary
amine with formic acid in the present method are represented

20 by the following reaction formulas:

(1) Aldol condensatioﬁ reaction:

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

(2) Crossed Cannizzaro reaction:
25 CH,CH,C(CH,0H),CHO + HCHO + N(C,H,;), + H,0

- CH,CH,C(CH,0H), + HCOO™N'H(C,H,),



al dol condensation reaction, the crossed Canni zzaro reaction, the

t hermal deconposition of the salt of tertiary amne with formc acid
in the present nethod are represented 20 by the follow ng reaction
f ormul as: (1) Al dol condensatgon reaction:

CH err]CHerr]CHerr]CHO + 2HCHO -> CH err]CH err]C(CH err] OH) [ err] CHO
(2) Crossed Cannizzaro reaction: 25 ) )
CH[ er r] CH[ er r] C( CH[ &t ¥ FoRypadrdeseaposithior of ehersaHr oL F§TFéAFY amHp8rr] O
-> CH CH . . + H N H H
[ err] [err%éﬁ%?&gg&]gg)lqrr] COOJ err]Nerr]H( ([ err] [err])[err]

(3) Thermal de¥d e salt of tertiary amne with formc
i d: H H H - >
ﬁ%:-l[err]+CCIerr])C4%n§§-ﬁéM§g5M gﬁzaegf]”H][e”f;{]err] 5 wherein

mand n are O through_l de + p =z 4. al dol condensati on
reaction and the cros?eglaﬂ Cgldmni Izlﬁéf%*'cr%%\c*t'i gl“lcb s%hi s inventionwl|

nowbe descrg bed. yherein ®X@A®! £Safk bhentodlgmanal dtsedni-h Ahe present

i nvention i ncl ude propanal, n-butanal, n-pentanal, 3-nethyl butanal,
10 n-hexanal, 3-nette|gedd hnabdndanbept.analread-tnireind ik xanel crossednd
n- oct anal . An aqueous solution including 5 through 50 % by wei ght

f or mal dehyde i Sananeraroyr eaeien offieh {9 dmweddtiodew L hltngwbe desqmiked i on.
Preferably, 5 through 50 % by weight formalin 15 nanelz, a fornal dehyde
aqueous sol ution) %3pplesRfchie n-alkanal used in the presSent invention

include propanal, n-butanal, n-pentanal, 3-methylbutanal,
10 n-hexanal, 3-methylpentanal, n-heptanal, 4-methylhexanal
and n-octanal.

An aqueous solution including 5 through 50 % by weight
formaldehyde is generally used as the formaldehyde in this
invention. Preferably, 5 through 50 % by weight formalin

15 (namely, a formaldehyde agueous solution) with a content
of methanol of 1 % by weight or less 1is used. |

Examples of preferred tgrtiary amine of this invention
include aliphatic tertiary monocamines such as
trimethylamine, triethylamine, tri(n-propyl)amine,

20 triisopropylamine, tri(n-butyl)amine, triisobutylamine,
diethylmethylamine, dimethylethylamine, dimethyl-n-
_propylamine, dimethylisopropylamine, dimethyl-n-
butylamine and dimethylisobutylamine; aliphatic tertiary
diamines such as triethylenediamine, N,N,N', N’'-

25 tetramethylethylenediamine and N,N,N',N'-tetramethyl-
l,3-propanediamine; and nitrogen heterocyclic tertiary
amines such as N-methylmorpholine, N-ethylmorpholine,

N-methylpiperidine and N-ethylpiperidine. One or a



of methanol of 1 % by weight or less is used. Exanpl es of
preferred tertiary am ne of this invention I nclude aliphatic tertiary
nonoam nes such as trimethylam ne, triethylamne, tri(n-propyl)an ne,
20 triisopropylamne, tri(n-butyl)am ng triisobutylam ne, _

di et hyl net hyl ami ne, di net hyl et hyl ami ne, “di net hyl - n- propyl am ne,

di net hyl i sopropyl ani ne,  di net hyl - n- butyl am ne and )

di met hyl i sobut AR At PR phkitiwe parmpgeyof thege aﬁﬁlmrelszgmafmws dcan be
triethylenediamine, N.NN._N - 5 tegranethyl et hyl enedi gn ne an

N, N, N YN‘ “tet r &gy -Partlc‘il,%’?fﬁ o%%%éﬂ?%ﬂ%ﬁe; tLh tHVﬁPS‘d-é‘ﬁ H&t &S&S/@s ¢

tertiary ) - yl.or Line. N-.ethyl gorpholine
N- et hyl pi peri gﬂné;%gﬁgﬁqé’?ﬁif“ﬁﬁggégﬂ’ erf"el.%t}ocﬁ8°8ye§lng Xngoré)“lng to the
conmbi nati on of M 0fo A0S PERt hese tertiary am nes can be “used.
Particularly preferably, triethylamne is used as the tertiary am ne

in.view of becoveri ngeaR@dleeyti® Idx dle formh€AEhYAR BSHRIMysed i%
The nole ratio of the formal dehyde to be used is preferably 3 through

4 noles, nore preffoymddlyy 3 2Hhvwigh moles3. fiotrel peefpeablynel.e ehrbhgh
n-al kanal . The nole ratio of the tertiary amne to be used is
preferably 1 tRr-dugielZspolbes, 1 molenpf e hw af-aldsinall. 1 The owdle ra% immlods,
per 1 nole of the 10 n-al kanal. Wien the nole ratio_of the fornal dehyde
exceeds t FSF oF BFRRY i VNP Fahfusefd sSREBTEERLSY & RBreuehi ZRg1la/ine

more preferably 1.1 through 1.5 moles, per 1 mole of the
10 n-alkanal. When themole ratio of the formaldehyde exceeds
the aforementioned range, the recoveryof the tertiary amine
becomes difficult. Also, when the mole ratio of the
tertiary amine exceeds the aforementioned range, the yield
of trimethylolalkane is no longer improving. However, an
15 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
the basis of the total amount of the n-alkanal, the
20 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
low, and when the temperature ekceeds 90°C, a by-product
25 1is easily produced.
The crossed Cannizzaro reaction is conducted at 20
through 90°C, and more preferably, 40 through 80°C. When

the temperature is lower than 20°C, the reaction requires



becones difficult. Al so, when the nole ratio of the tertiary am ne

exceeds the aforenentioned range, the yield of trinethylolal kane is no
I'onger inproving. However, an 15 acid required for neutralization costs
nore and a | onger time is required,for the recovery of the tertiary
am ne. The anmount of water to be used is 200 through 600 %

by wei ght, and preferably 250 t hrough 500 % by wei ght on t he basis of
the total anoufAtsignifitcanblrairng time, 20d YRemdhechgBReIRG UTIGCKERLRRES y
am ne. The al dol condensation reaction is conducted at -5

t hr ough 90[ er r P&.C ardl lyr@raduaty othen khaagh 0} e0f] terfésyt pBine with
tenperature is_lower than -5[err]C. the reactian speed is very | ow,
and when the t'gﬂﬁg‘r"gt l?rcé'defcéééc{]ss %[%?rfﬁ?ggcﬁ “product 25 is easily

pr oduced. T ICTAOEn AR, (EREG 1FPL ELARS S PRt ot dng

through 90[err]C, and nore prefera roug

tenperaturesi sthawsfod @ c2Bh8/Zladro F88cE83RId s heEB558Yely proceeded.
7 a significantly long tine, and when the tenperature éxceeds

90[err] C, a by-phedegbret,hfbrehppefiegabll ygf ther teApy¥rafture Wst iirst skarmc
acid tends to be produced. In this invention, the al dol
condensati on reacfibomhamtigh #0°C so as to mainly proceed the aldol

t hecr ossedCanni zzar or eact i onar esuccessi vel ypr oceeded. Therefore, nore
preferably, theondepsesione rieactiion, said then sgt ¢ ¢Ar shgRuad] 8rFCsso as

to minl'y broceed Lng 4ol | roceefONNENI2LLENL RASH O ANGL1ED ST 21 40

10 After completing the aldol condensation reaction and
the crossed Cannizzaro reaction, the resultant reaction
mixture is heated, so that the salt of tertiary amine with
formic acid as the by-product can be decomposed into
hydrogen and carbon dioxide and/or water and carbonmonoxide,

15 and tertiary amine.

The reaction mixture can be heated as it is, or heated
after removing a part of water therefrom.

When a part of water is removed from the reaction
mixture, the content of water in a residue obtained by

20 removing a part of water is at least 20 parts by weight or
more, preferably 30 parts by weight or more per 100 parts

by weight of the residue. When the content of water in the
residue is smaller than this range, formic acid produced
through thermal dissociation of the salt of tertiary amine

25 with formic acid reacts with trimethylolalkane, resulting
inproducing a formateof trimethylolalkane, whichmay lower
the yield of trimethylolalkane.

When the reaction mixture is heated under an increased



as to mainly proceed the crossed Cannizzaro reaction. 10 After

conpl eting the al dol condensation reaction and the crossed Canni zzaro
reaction, the resultant reaction m xture is heated, so that the salt
of tertiary amne with form c acidgas the by-product can be deconposed
into hydr ogen and carbon di oxi de and/or water and carbon nonoxide, 15
and tertiary am ne. The reaction m xture can be heated as it is,
or heated PRasFuUFRninF B hat tertiamt aHaemigh formic acidygan g
part of water i s renoved frfmthe reaction, m xture, the content of

water in a res RV FFRUL ByandomorgnSFitdg Lenfdt FCBRRFeFs at | east 20
ts b I ght or nore, .prefera 30 _parts.by weight .or nor er 100
barts by et gnigP P Aol s AR R b St B e Hor g Aoh
residue is smalls [ f ' I.d . pLeduc 2
hormal. di ss0cart oh B4 RE S UBper albEeBEkRarbeth i hes (5d KA

reacts withstrigretyglsql ahkapeereeahlyl 899 throh§nPL O8UWB NG 3® through 50
format eof t ri nmet hyl ol al kane,  whi chmay " | ower the yield of

trinethyl ol al kaE/cm?) at 199heArblagnr 880rC PNaRlixpHELekapN9abed tASBK AN

I ncreased pressure, the salt of tertiary amne with formc
acid can B8 0iCr.e Whenl yhendtempex afirei ot lywdecohpasetlis range,
When no noble netal catalyst is used, the reaction - mxture is heated

under a pressurdedmat AhfEPeERtkgR/ ] Ehe) palts ofyiteriskaryymprer Wizh y

2.9 through 4'%0%%%. %%i%hgggqgeggmposition of formic acid are difficult

10 to complete. When the temperature exceeds the range,
trimethylolalkane can be decomposed.

Also, the decomposition of the salt of tertiary amine
with formic acid can be more easily and more efficiently
performed by heating the reaction mixture in the presence

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 catélyst. Among which a palladium catalyst is

20 preferred. Alternatively, a noblemetal catalyst obtained
by modifying any of these noble metal catalysts with a group
14 element of theperiodic tablecanbeused. Inparticular,
a noblemetal catalyst modifiedwith lead is preferred. One
oracombinationoftwoormoreofthesenoblemetalcatal&sts

25 can be used.

Generally, a noble metal catalyst supported by a
carrier, such as carbon, alumina and silica in an amount

of 0.5 through 10 % by weight is used. The form of the



kgf/cnm2) at 190 through 300[err]C, and preferably 200 through

280[err] C. Wen the tenperature is |ower than this range, t her mal

di ssociation of the salt of tertiary amine with formc acid and
deconposition of formc acid are difficgt 10 to conplete. Wen the

t enper at ure exceeds the range, trimet hyl ol al kane can be deconposed.

Al so, the deconposition of the salt of tertiary am ne with formc acid
can be nore eastaSAkyRt eRR kRefpevder)ygrain perpeilded -byTheasiispenisdon
reaction mxture in the presence 15 of a _noble netal catalyst.

Exanpl es of t h&SoE et brechispdsbepndetdod is adopkednfak sheahpat a
r hodi um cat al ysctrea%ng)alladiu a yttrium

cat al yst, .an osmium cat a] yst
catal yst and a [ﬁ%ﬁiﬁﬁn?%StBFﬁgfpcﬁnﬁﬁgﬁ%ﬁ(ﬂ? NERT uRRrEatERYst i s
20 preferred. Al tgppativel & q:%l:g %qrgef Im vﬁﬁl%%agﬂ%%l dillﬁhEPZ‘)ﬁ/’%t

nodi fyi ng any of these noble netal catalysts r

of theperiodi c skl aeiueter 160 RABY idd Mt of a £fmi id
nobl enet al cat al yst rrlgigi fiedw Ehl eadi spr%f er rggfj. ° Oarlle mie ngla %8%%15 |ton

of two or nore (HCcadEsemalee sattabfcabaltYatry addneCaithe fos@de acid in
Generally, a noble netal catalyst supported by a carrier, such as
carbon, al um n&Flendeidtienimizhuaevafiter compflelkimrt hyHugie 1Dedcbyonei ght
is used. The form of the . catal yst can be powder, grain or
pel l et. The suspensVBRM the degempasaticmeofi kBe Badtnethbertiazsopméaef or

he h . . c 3 s
the heat with formic acid is conducted in the presence of a noble

10 metal catalyst, the reaction is conducted under atmospheric
pressure or an increased pressure of 1.96 MPa (20 kgf/cm?)
or less, preferably 0.49 through 1.47 MPa (5 through 15
kgf/cm®*) at 50 through 200°C, and preferably 70 through
170°C.

15 The tertiary amine produced through the decomposition
of the salt of tertiary amine with formic acid can be easily
distilled from the reaction system and recovered. The
_te;tiary amine thus recovered can be reused for_thé
production of trimethylolalkane of the present invention.

20 The method of this invention can be carried out by a
batch method or a continuous method. Now, a preferred

. embodiment of the invention adopting the batch method will
be described.
While keeping a mixture of formaldehyde (3.2 through

25 3.6 moles per 1 mole of n-alkanal) and water (250 through
500 % by weight based on a total amount of n-alkanal,

formaldehyde and tertiary amine) charged in a reactor at

10 through 40°C, n-alkanal and tertiary amine (1 through



treatnment in the presence of the noble netal catalyst. The amount
of -the noble netal catalyst is 1 through S5 15 % by weight per 100 % by
wei ght of a formic acid conponent (HCOOH) in the salt of tertiary
am.ne with formc acid in t he reaﬁgion m xture after conpletion of
the reaction. When the deconpoSition of the salt of tertiary
anm ne with formc acid is conducted in the presence of a noble 10
nmetal catal yst ,2 moder pactl o lies ofomdarkedalindere aumshheditto the rpaexods e
or an increased pressure of 1.96 MPa (20 kgf/cnferr]) or |ess,
preferably 0.4%®¥a¥ ocughhgough \Pahegrshr otighseguentlykgidontjents)ofit the

t hrough 200[err]C, and preferably 70 through w 170[err]C. 15 The
tertiary am ne §R35hR%ed S hkerghat k0 deeompsli 6Pdn for 1othraughaPt hefurs

' ' | ' ' j | . _distilled f th
eact; on syst emoPBKBsaEserluct BBty o 1910 Ao S ar
. ane. o e _presen
Tventon. 52015 kenfy SLEACERSRagh, 0ETAGK £ EhiRUER A iR by a

bat ch net hod Orcofmgﬂcé’liirf%%e netH96led NB¥N nd 2REG e Rt ion . €MDOdI ment  of
t he invention adopting the batch nethod wl| be descri bed.

Wil e keepi ng a m xafitercfoipl erel tighyds o Bedcthoasghthereatiomhestage 1
nol e of n-al kanal) and water (250 through 500 % by wei ght based on a
total anount ofisntzleledreal with a doppat dehidie crhlgstiatr 6 aughaged in

r tor at 10 through 40[err]C, n-al kanal and tertiary amne (1
?hr gﬁ;h for1l throughg4 hou[rs, v]rith tertiary amine added i>f{- necessary,

10 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 is 0.5 through 5 % by {qeight,
and preferably 1 through3 $ by weight of the reactionmixture.
After the treatment with the copper oxide catalyst,

15 excessive tertiary amine is neutralized with formic acid,
and methanol and water are distilled from the reaction
mixture under reduced pressure.

When no noble metal catalyst is used, the reaction
mixture is heated at 190 through 300°C under a pressure of

20 4.9 MPa (50 kgf/cm®) or less, so that the salt of tertiary
amine with formic acid can be decomposed into hydrogen and

, carbon dioxide and/or water and carbon monoxide, and
tertiary amine. The obtained tertiary amine is distilled
and recovered as an azeotropic mixture with water.

25 When a noble metal catalyst is used, after adding the
noble metal catalyst, the reaction mixture is heated at 50
though 200°C under atmospheric pressure or an increased

pressure of 1.96 MPa (20 kgf/cm?) or less, so that the salt



10 2 mole per 1 nole of n-al kanal) are supplied to the reactor

over 1 through 3 hours. Subsequently, contents of the reactor is kept
at 40 through 60[err]C for 1 through 3 hours for conpleting the al dol
condensation reaction, and, then, 5 iz kept at 60 through 80[err]C for 1
through 2 hours for conpl eting the crossed Canni zzaro reaction.

Af ter conpleting these reactions, the reaction m xture is treated
with a copper &§ ergagalyyarine woth ficouyie 80[idr ipcluded ipthe reasidem
hours, with tertiary am ne _added if necessary, .10 so that excessive

for mal dehyde cEFPSTHEFhe decoRePAgolnto hydrpoen &1 carbody diigxdidei ne
ith f i id., Th t f th ' i d t.al yst i.,s 0.5

through 5 % by W/GHr WATST aRdy CarEP R PRBCH T3 mPBtg R oS ety RBIGA" GPS he
reaction mXtUlgtained Aféxe{iéxtf 40 £4 @Qtdﬂﬁﬂlﬁ.gﬁ 888p§E88@eQ%dC%;sgla¥1$t ’

15 excessive tertiary amne 1s heutralized w ormc acl

met hanol angd Walzlotdddh T Shixt€fef (;28ht BRrlgacti on m Xt ure under
reduced pressure. When no noble nmetal catalyst is used; the

reaction m Xt UTRei sebeakeddanik8Q richb@dugbr8dQrer ahEnendad waRlAsSWY €

of 20 4.9 MPa (50 kgf/cnR) or less, so that the salt of tertiary

am ne with formesisasd Eaartbe predupdbsed ot ¢ rhiydrtdgelo antkane. car bon

di oxi de and/or water and carbon nonoxi de, and tertiary am ne. The

obtained tertiary afff® F8edrésidued from wiHeh dednelaey aambneahast Peginc

m xture with vv%t.e . nobl e netal catalyﬁ_tf,is used, after
n ¥

. 142D, . WA |
Rdding the | CIRGHI S B oT DRTSRERELPBEG MATARSA SiSW SIRBLIEH at 50
though 200f 61 L sty 4 TPOPIEE | £aR! 685HA8 9% HLJIALEAPSthrougnP! SSUr e
gr%{ o-tha

of 1.96 MPa (20 kgf err or Tess, s the sa
distillation or the 1like.

Now, preferied embodiments of the invention will be
described, which do not limit the invention but merely
exemplify the invention.

15
Example 1:

A reactor with a capacity of 5 litters provided with
a thermometer, a reflux condenser, a stirrer and a droéping
funnel is charged with 3539.3 g of a 7% aqueous solution

20 of formaldehyde (including 8.25 moles of formaldehyde).
While keeping the inner temperature of the reactor at 20°C,
,180.3 g (2.50 moles) of n-butanal and 281.1 g (2.78 moles)

of triethylamine are added, with stirring, dropwise from
separate dropping funnels over 1.5 hours. Subsequently,

25 the temperature is increased to 40°C, and the reaction is
allowed 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



of tertiary amine with formc acid included in the reaction m xture
can be deconposed i nto hydrogen and carbon di oxi de and/ or water and
carbon nonoxide, and tertiary am ne. The obtained tertiary amne is
distilled and recovered as an 5 azeotyppic mxture with water.

The recovered m xture of tertiary amne and water is reused for the
production of trinethyl ol al kane. From the residue from which
tertiary anmi neaRdstheefeactionis igllayed tcherecaesréari aneihgtinhdicun; gh
quality 10 trineth¥lolalkane can be easily recovered thr

h :
distillation orAfhET| FREPLEt1ion of tBEmFeBFEPQPveaPeﬁtﬁﬁh%ﬁgagfiﬁ Phide
ey " " eRBerey HETHLBT g S 18 ehifte) U WIS
reactor with a;capgekhy 0bqael ttfoegieprr%‘é'cdceidod""ugi'}:tu e. 2 hEeer ttea[rhta
refl ux condenser, a stirrer and a dropping unnel 1s Charged W

3539.3 g ofca 0 l; Wt i QN f de ¢y i
nol es of fosr naﬁgzﬁggg) fi% §cEllftrl\/e\b%l |fé’2‘£e2eg‘|°ﬁ{g‘0§t % idﬁirrgr' ttglr?ggrb tlﬁ%%gr?%e
reactor at 20[ extk€sive form8Dd8hgde?. SOhat &5yl td nth rledicaiain aNdtd8d. s 9

(2.78 nol es) of triethylam ne are added, with stirring, dropwi se from
separ at e droppEadtemedebs avaro rehoveuthe Soppegquenity, catalyst, and is
adjusted to pH 5 by adding 13.0 g of formic acid. From 4063
g of the resultant mixture with pH adjusted, 16.4 g of
10 methanol and 335 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), 675 g of
water is distilled. The thus obtained residue is heated at
240°C for 2 hours under a pressure of 3.4 throu§h 3.9 MPa
15 (35 through 40 kgf/cm’). Thus, the salt of triethylamine
with formic acid included in the residue is decomposed into
triethylamine, and hydrogen, carbon dioxide, water and
carbon monoxide. Water and triethylamine are recovered
through disfillation, and hydrogen, carbon dioxide and
20 carbon monoxide are removed from the reaction system. 1In
this manner, 328.7 g (3.25 moies) of triethylamine is
. recovered as a mixture with 2223 g of water. Also, 337.5
g of the residue is obtained, which includes neither formic
acid nor a formate of trimethylolpropane. From the thus
25 obtained residue, 285.2 g (2.13 moles) of
trimethylolpropane is obtained through distillation under
reduced pressure of 0.4 kPa (3 mmHg). Theyieldon thebasis

of n-butanal is 85%.



25 the tenperature is increased to 40[err]C, and the reaction is

allowed to proceed for 1.5 hours. Then, the tenperature i's increased
to 60[err]C and the reaction is allowed to proceed for 1 hour, and the
tenperature is increased again to 80[erf4C

12 and the reaction is allowed to proceed for another 1 hour.

After conpletion of the reaction, 90 g of a copper oxide catal yst is
added, and 49.5 g (0.49 nole) of triethylam ne is further added to the
reaction m xture. The resultant 5 mxture is stirred for 2 hours at
70[err] C, ther EFpmRlnt] hg excessi ve fornmal dehyde. Theresultant

reaction mxture is__ . filtered so as to repove the copper oxide
catalyst, and is Trlﬁﬁf‘ﬁé?@&“ﬁo 1SHSERAF afeRfl nbr 4B, B G ’SEXFBFI% Ofacid.
From 4063 .of the resultant m xture with pH adjusted, 16.4.9 of 10
methanol and 338 1 Y aRie aPg S TSP ReT 8O FremRIFer 4F 40 PaquBEd
pressure ofg 18 140 ,

pressure ofSSSP%g'DII?IEgl;?Z'éOg %9 m-égg?égf g;f éﬂgeg%/%a&earlt?% ﬁkﬁ%q#@%&ﬁ%é
thus obtained keSméthylolpdthatlis proddBkar ihCether sanouisnawdessa
pressure of 3.4 through 3.9 MPa 15 (35 through 40 kgf/cnferr]). Thus,
the salt of trdeslylidddién exampid h éocape wHedd thecs cabd dhtheereastdoa i s
deconposed into triethylam ne, and hydrogen, carbon di oxi de, water and
car bon nonoxi dés Watlatedand Asr idetri®pEluditi mel 49 €7 recovePBdmoles)t lrfough
distillation, and hydrogen, carbon dioxide and 20 carbon nonoxi de are

removed from t hé FERWISHRARRAAR 15 Abtainedni sThenhesld g thgybagissot
ol es) of ié'ekhkk%gﬂl % 84%. Also, the residue obtained after

distilling triethylamine as an azeotropic mixture with
water includes neither formic acid nor the formate of

trimethylolpropane.

15 Comparative Example:
From 4388 g of a reaction mixture adjusted to pH 5
obtained in the same manner as described in example 1, 18
g of methanol and 375 g of water are distilled at 60°C under
reduced pressure of 18.66 kPa (140 mmHg). Subsequently,
20 at 80°C under reduced pressure of 33.32 kPa (250 mmHg), 828
g of water is distilled, and at 50°C under reduced pressure
.0f 7.33 kPa (55 mmHg), 2301 g of water, 71 g (0.70 mole)
of triethylamine and 364 g (2.47 moles) of the salt of
triethylamine with formic acid are distilled. From 429 g
25 of the thus obtained 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 mole) of



recovered as a mxture with 2223 g of water. Also, 337.5 g of the

residue i s obtained, which includes neither formc acid nor a formate
of trinmethyl ol propane. Fromthe thus 25 obtained residue, 285.2 g (2.13
nol es) of trinmet hyI ol propane is obtgi ned through distillation under

r educed pressure of 0.4 kPa (3 mrHg). Theyi el donthe basi S of
n-butanal is 85% Exanpl e 2:

Tri et hyl ani ne F‘§n§@§§r€%ﬁ'ecﬁ & drit °t°rﬁa nalg uret (ﬁles"—ert?‘i"étﬁy\'—ﬁﬁ?ﬁealﬁ!ﬁ(‘)‘)ﬁﬁa]’g er

d Ex 1 at 40 | 140 es) o
{ﬁgogg:ogr alt gd P%ng‘rre J%’?Pe’ [aer[ r?%?h?g rlﬁga %6“% %%’u‘éeﬁ I n the
Same manner a trlhé:lh&e.l.}%[l/&ge%iph ef&%)f[ﬁo l)éce %%qfeg%escfégmgg

reaction a resu

L1 met hyl ol pr Opglehyalhdl isthnd lau:fhélﬁg tlb_% P & m%%g gutanal is

84% Al so, the residué obtalne Ing triet m ne as an
azeotropi C ¢ Xheh@eWitldy, 8 g wal.er4 imyalddess r@iéé‘@érf&ﬂ&n& 8Lh8eNhokih®

format e of trlnethylolpropane 15 Conparative Exanple: =
From 4388 g of od tedetiter)naxtur ¢6aglj sl &3l nol @s) o f trindtiey helptrophhe
same manner as described in exanple 1, 18 g of nmethanol and 375 g of

wat er are di st RFeegbiig@dethrougiddiistillation under reduced pressure
of 0.4 kPa (3 mmHg). The yield on the basis of n-butanal

is 68%.
10
Example 3:

A reaction mixture adjusted to pH 5 is obtained in the
same manner as described in example 1. From 4388.2 g of
the thus obtained reaction mixture, 17.7 g of methanol and

15 350 g of water are distilled under reduced pressure of 18.66
kPa (140 mmHg), and subsequently, 740 gof water isdistilled
under reduced pressure of 33.32 kPa (250 mmHg). To the thus
obtained residue, 800 g of 5% palladium/carbon powder (with
a50% moisturé content) is added, and the resultant residue

20 is heated at 140°C under a pressure of 0.98 MPa (10 kgf/cm?)
for 2 hours. Thus, the salt of triethylamine with formic

. acid included in the residue is decomposed, and hydrogen
and carbon dioxide are removed from the system. Then, the
5% palladium/carbon powder is filtered. From the thus

25 obtained filtrate, triethylamine and water are distilled
as an azeotropic mixture under atmospheric pressure,
resulting in recovering a mixture of 355 g (3.51 moles) of

triethylamine and 2800 g of water. Subsequently, from



reduced pressure of 18.66 kPa (140 nmHg). Subsequently, 20 at 80[err]C
under reduced pressure of 33.32 kPa (250 mHg), 828 g of water is
distilled, and at 50[err]C under reduced pressure of 7.33 kPa (55
mHg) , 2301 g of water, 71 g (0.70 nol ey of triethylamne and 364 g
(2.47 noles) of the salt of triethylamne with formc acid are
distilled. From 429 g 25 of the thus obtained residue, which includes 266
g (1.98 meléds)5 of af i viee hyesignepaddi(w t(2 RYimdedh ohe basis of

n- butanal of 73%, 110 g of the formate of trinethyl gl propane

(i ncl udi ng 104q§ym§qpyyﬁﬂggog§ne15>obtalned'through distillation unggr

t , 6 . 03 | f di t d t {, ftri t ,
Ionoest o, 2 B Eh 8 FBL ¥ kB SRS R s pund AT
150 f the f t . i,met hyl o] | ' 33. 0, ¢ 2
1509 oF UM T TBLEy Bhnag o T Rl BERRRRSI PELUSIR S, 100405

of {riestery apd ;246 dul: & a:jyobﬁzazgétfsbrﬂetﬁmeﬁféngt(eg %nm%gak%i ned

t hrough distillation“under reduced pressure 0 he

yield on the bagithefr fokulianatid nor ithf8Urmatl of tr i@ty EoBpropane.

A reaction mxture adjusted to pH5 is obtained in the sanme nmanner as
described in exanple 1. From 4388.2 g of the thus obtained reaction
m xture, 17.7 g of methanol and 15 350 g of water are distilled under
reduced pressuf&agiples 66

The mixture of triethylamine and water recovered in
10 example 3 is separated at 40°C, thereby separating 151.8
g (1.50 moles) of triethylamine from the mixture. By using
the thus separated triethylamine, trimethylolpropane is_
produced in the same manner as described in example 1 except
that the scale of the reaction is halved. As a result, 150
15 g (1.12 moles) of trimethylolpropane is obtained. The
yieldon thebasis of n-butanal is 83%. Tﬁeresidueobtained
by distilling triethylamine as an azeotropic mixture with
water includes neither formic acid nor the formate of
trimethylolpropane.
20
Example 5:

Trimethylolpropane is produced in the same manner as
described in example 1 except that 193.1 g (1.49 moles) of
N,N,N',N'-tetramethyl-1l,3-propanediamine is used instead

25 of triethylamine. As a result, a mixture including 192 g
(1.48 moles) of N,N,N' ,N'-tetramethyl-1,3-propanediamine
and 210 g of water is recovered, and 228 g (1.70 moles) of

trimethylolpropane is obtained. The yield on the basis of



kPa (140 mmHg), and subsequently, 740 gof water is distilled under
reduced pressure of 33.32 kPa (250 mmHg). To the thus obt ai ned
r‘esi due, 800 g of 5% pal |l adi um carbon powder (with a 50% noi sture

content) is added, and the resultant r due 20 is heated at 140[err]C
under a pressure of 0.98 MPa (10 kgf/cnﬁ%rr]) for 2 hours. Thus, the
salt of triethylamne with formc acid included in the residue is
deconposed, ana-fipatrageh is 63 and Thar rers idlwx okt aired enbverd dishilhéng
system Then, the 5% pal | adi um carbon powder is filtered. Fromthe
thus 25 obtatndt N'iiY ratetraneehnl+ hnd nerapdnpdiamiqie 3F st jpLigure s

an azeotropic mxture under atnospheric pressure, . resulting in
recovering a nﬁ%ﬂﬁ}&aéﬁf35803“g§§5&ehﬁhs§)g%fmlc ac%?i%&%9#§hﬁﬁgméﬁﬁ’2§oo g
of water. Subsequent,l fy.om 15

364.5 g of the%%:ﬂ%ﬁﬁclgiﬁfﬁfiﬁé27 nol es) of trimet hyl ol propane is
obt ai ned thgough distillation under reduced pressure of 0.4 kPa (3
nmHg) .  Theyi el dont hebasi s of n-butanal is 84% The residue obtained
after distillimpgampidréethylam ne as an azeotropic mxture with water

I ncl udes neither formc acid nor the formate of trinethyl ol propane.
Exanpl e 4: B¥hestngt the ofixdturet oyt an MeN apd' waberamechyar-ad, 34 10
exanple 3 is separated at 40[err]C, thereby separating 151.8 g (1.50
mol es) of triePhpPraAedkiInine t3vd ZWxtererecByegeidngn example 5,

trimethylolpropane is produced in the same manner as
10 described in example 5 except that the scale of the reaction
is halved. As a result, 115 g (0.86 mole) of
trimethylolpropane is obtained. The yield on the basis of
n-butanal is 64%. The residue obtained after distilling
N,N,N',N'-tetramethyl-1,3-propanediamine as a mixture
15 with water includes neither formic acid nor the formate of

trimethylolpropane.

According to the method of producing trimethylolalkane
of this invention, high quality trimethylolalkane can be
20 easily and efficiently produced at a high yield because the
salt of tertiary amine with formic acid produced as a
. by-product is decomposed and the yield of trimethylolalkane
is not lowered due to production of the formate of
trimethylolalkane. Also advantageously, tertiary amine
25 can be recovered and reused in the production of
trimethylolalkane. Thus, the method of producing
trimethylolalkane of this invention is a very useful

industrial method with remarkable advantages to the



the thus separated triethylam ne, trinethylol propane is produced in

t he same manner as described in exanple 1 except that the scale of the
reaction is halved. As a result, 150 15 g (1.12 noles) of
trimet hyl ol propane is obtained. The 7 Yyieldonthebasis of n-butanal is
83% Ther esi dueobt ai ned by distilling triethylam ne as an azeotropic
m xture with wat er includes neither formc acid nor the formate of

tri met hyl ol pr opamerentional tExhnphees. Tri met hyl ol propane is
produced in the sane manner as described in exanple 1 except that
193.1 g (1.49 noles) of N,NN,N -tetramet hyl -1, 3- propanedi am ne is
used instead 25 of triethylamne. As aresult, a mxture including 192 g
(1.48 noles) of NN,N ,N -tetranethyl -1, 3- propanedi am ne and 210 g of
water is recovered, and 228 g (1.70 nol es) of trimet hyl ol propane is
obtained. The yield on the basis of 16
n-butanal is 63% The residue obtained after distilling

N, NN N, N -tetranet hyl -1, 3- propanedi am ne as a m xture with water

i ncludes neither formc acid nor the formate of trimet hyl ol pr opane.

5 Exanpl e 6: By using the m xture of

N,NN,N-tetranethyl-1, 3- propanedi am ne and water recovered in
exanpl e 5, :



trimethyl ol propane is produced in the sanme manner as 10 described in

exanple 5 except that the scale of the reaction is halved. As a
réesult, 115 g (0.86 nole) of trimethyl ol propane is obtained. The yield
on the basis of n-butanal is 64% e residue obtained after
distilling N, NN, N -tetranet hyl - 1, 3- propanedi am ne as a m xture 15

with water includes neither formc acid nor the formate of .
trimethyl ol proghaé. is claimed ¥gecording to the method of producing

tri nmet hyl ol al kane of this invention, high quality trlnethonLaIkane
can be 20 easily hnd®eretbpanpify ppoddwdad atrimetiighl gylal dabecwhse he
salt of tertiary am ne with formc acid produced as a 3§%éprOdUCt S
deconposed andcgﬂgr iS85 2 trinethy2 bkanganwith foraajsehysierin the to
production of the format rinet hyl ol al kane. Al so advant ageously,

f Lt ]
tertiary ani nePF25%"E&n ec{ree%to*ﬁe‘?iéda’&hﬂeriﬁ eY3FRTr 1oy S’cﬁféillr’b? ’léte f
' . : ' t t ol al kane o
o T et Tt b A BT LR, TS AL 350

this invention I's very use ne _
advantages to dBecertiary amine with formic acid pf‘éo%ué'éﬁq\é%ng'b%}]-aﬂroduct

t echni ques. _
is decomposed into hydrogen and carbon dioxide and/or water
and carbon monoxide, and tertiary amine.
2. Themethod of producing trimethylolalkane according
10 to claim 1,
wherein heating the reaction mixture obtained after
the reaction is conducted under an increased pressure.
3. The method of producing trimethylolalkane according
to claim 2,
15 wherein heating the reaction mixture obtained after
the reaction is conducted under an incresed pressure of 4.9
MPa or less.
4. The method of producing trimethylolalkane according
to claim 2,
20 wherein heating the reaction mixture obtained after
the reaction is conducted at 190 through 300°C.
5. Themethod of producing trimethylolalkane according
to claim 2,
wherein heating the reaction mixture obtained after
25 the reaction is conducted after removing a part of water
from the reaction mixture.
6.Themethodofproducingtrimethylolalkaneaccording

to claim 1,

A R o



What is clained is: 1. A nethod of producing trinethyl ol al kane
whi ch conpri ses reacting n-al kanal with fornal dehyde in the

presence of tertiary am ne and water, and heating the 5 reaction mxture
obtained after the reaction so that a sglt of tertiary amne with
f'orm ¢ acid produced as a by- product i s deconposed i nto hydrogen and
carbon di oxi de and/ or water and carbon nonoxide, and tertiary am ne.

2. The nmethod of prdtereim heatwbbhytbeakkart iancoviditmgye thtaoinediaftier
wherein heating the reaction mxture obtained after the reaction is
conduct ed undetharcre®ettaBets plandugeed in the pregenpfeofea b be BeBaLci ng
tri met hyl ol al kane accordi ng to claim2, 15 wherei n heating the
reaction m xt uF&tBH¥Sned after the reaction is conducted under an

i ncresed pressure cg e_net hod

produci ng tri net hyl ol ip%gh%t%%%/g%ﬁ%%égéingttorjﬂ%trwlzc?laggane ac ‘?er’i’ﬂ

heating thea r tLog; ture obtained after the reaction is conducted
at 190 thrghgﬁ€§05?e%§i ! 5. The met hod of producing

trimethylol al kane 3af¥dimdthe nobPeChait@2.catalyst ishergapnibhaauing the
reaction m xture obtained after 25 the reaction’is conducted after

renovi ng a par¢adhlypater fromthe reaction m xture. 6. The
met hod of producing trimethyl ol al kane accordi ng to claiml,
8. The method of producing trimethylolalkane according
to claim 6,

10 wherein heating the reaction mixture obtained after
the reaction is conducted under atmospheric pressure or an
increased pressure of 1.96 MPa or less at 50 through 200°C.

9.Themethmiofproducingtrimethylolalkaneaccording
to claim 1,
15 wherein the tertiary amine is triethylamine.
10. The method of producing trimethylolalkane
according to claim 1,
wherein the tertiary amine produced by decomposition
of the salt of tertiary amine with formic acia;is distilled

20 from the reaction mixture to reuse in a production of

trimethylolalkane. -
11. The method of producing trimethylolalkane

according to claim 10,

wherein the tertiary amine is triethylamine.
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19 wherein heating the reaction m xture obtained after t he

reaction is conducted in the presence of a noble netal cat al yst.

7. The nmethod of producing trinethyl ol al kane accordi ng 5 to claimé,
wherein the noble netal catalyst is a pglladium catal yst. 8.
The net hod of producing trimethyl ol al kane accordi ng to claim6, 10
wherein heating the reaction m xture obtained after the reaction is
conduct ed under _at nospheric pressure or an i ncreased pressure of 1.96
MPa or |ess at %gsFﬁFgﬂBh 200[ err] C. 9. The nethod of producing
trimet hyl ol al kane accordi ng toclaiml1, 15 wherein the
tertiary amne is triethylam ne. 10. The nmethod of producing
trimet hyl ol al kane according to claim1, wherein the

tertiary amne produceshoyudenemasiiésNror TRIMERRYEIaiakertiary am ne
with formc acid is distilled 20 fromthe reaction mxture to reuse in a

pr oduct i on of WigRt b ol et kePenoenyotaikable GHIF WBIOOM0f praduci ng
trimet hyl ol al kane actording to c?alﬁ1f&, erel Fhe
tertiary amne éfritiehRikamird@uced at a high vield through a reaction
between n-alkanal and formaldehyde in the presence of
5 tertiary amine and water, in which a reaction mixture
obtained after the reaction is heated so that a salt of
tertiary amine with formic acid produced as a by-product
is decomposed into hydrogen and carbon dioxide and/or water
and carbon monoxide, and tertiary amine; and the tertiary

10 amine distilled from the reaction mixture is reused in

producing trimethylolalkane.



