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ABSTRACT

The invention relates to a process for obtaining glycols of low
aldehyde content in which the plant used to cobtain the glycol(s)

is surface-treated, in whole or in part, with at least one

reductive phosphorus compound.
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Mathod Of Obtaining Glycols Having a Low Aldehyde Content

The present invention relates toc a process for obraining glycols
of low aldehvde content and to products prepared using these
glyvcols.

Glvcols of low molecular mass. such as monc-, di- and triethylen
glycol, are impoxtant procucts of the chemical industry.
Moncethvlene glvcol 1n particular falsc referred to as
1,2-ethanediol, ethvylene glycol or simply MEG) is among the
orincipal products ¢I the chemical industry worldwide, anc 1s

used pradominantly as antiireeze for wvehicle radiators and as raw
materal for the producticn of polvesters.

The onlv process currently used for the large-scale 1ndustrial
»oductiorn of ethvlene glvecol comprises the hyvdrolysis of
ethvlene oxide and the subseguent wcrking up of the resulting
reaction mixture. Worldwice production capacity for ethv.iene
glvcol produced by ethylens oxide hydrclysis 1s currently
estimated at 7 x 20° metric tonnes cer annum. In this preparaticn
rocess, the ethvliene oxide 1s reacted continuousiy or in batches
wich water, in special reactors anc under appropriate conditions.
The resuliing agqueous reactlion mixture Ls then concentrated over
several stages, and the crude glvecl, Zinally, 1s purified bv
frac=ionation (cf. eg.: K. Weissermel, E.-J. Arpe, ustrielle
Organische Chemie [Indus Crnemistrv], 3xd ed., VCH
1988, p. 1592 ££.). The principzal ccmpcnents ol the reaction
mixcure are tvpically mone-, di- and tri=thviene glvcol.

®
Tetraethyvlene glyvcol and higher homologs are usually present 1n

¥

quantities sc small that they are generally 10T worth recovering.

Distillation processes and apparatus for the purification of
glycols, of wvarious design, are known (c. eg.: Ullmanns
Encvklopddie der technischen Chemie Ullmann’s Encyclopedia o=
Industrial Chemistry), 4th edicion, VCH 1974, Volume 8, p. 20C
££.). In the majority of cases, 1in serla. distilllaction columns,
firsc watery and then ethvlene g_ycol and, finally, the higher
glvecol ethers ars recovered continuously. Various units can »de
used as evaporators for the distilliations; modern Ccontinuous
plants, nowever, empioy falilling-Iilm evaporators for energy
reasons. For reasons of cost, these plant compenents are common.y
made from carbon stee.l.
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Owing to the high boiling points oI etaviene glvecol and its

=

homologs, the distillations alwavs take place under reduced
pressure. Any vacuum distillatlon unit, whether 1lndustrial-scals

or laboratory-scale, possesses a certain leakage rate, ie. leaks
which to a minor extent allow the surrounding atmosphere to enter
“he unit. Thus, in the course of operation, atmospheric oxvgen
£finds its way 1into the vacuum distillation.

Like all alcohols, glvcols can readily be oxidized both thermally
(autoxidation) and catalytica-.ly. The reaction products of
ethvlene glyvcol with oxygen or other oxidizing agents are
aldehvdes (glyvcol aldehyde, glvoxal, fcrmaldehvde, acetaldehvde)
andé the corresponding acids. On the other hand, however

-

especially when ethylene glvcol 1s used to produce polyester
£:1ms, there are particularly high purizy raguirements. Films

produced using aldehyde-rich ethvlene glycol prcve to be hignly
ensitive to light. In par-icular, slight vel_lowing can be

observed. Therefore, in the ccurse of poclvester productilion »hutb

1)

also in other sectors, the presence of these oxidation products

1}
(b

is ext-remely undesirable, so thac the users are attempting to

iimit the aldehvde content by means o0f strict spec:ification. For

~ycol intended for

ﬁ

4

example, the aldehyde content of ethyvlene

(]

"\

film production snould be less than 20 ppm.

Provided no particular effects occur in the course of ethvlene
glycol producticn, the guantity 2f oxXidation proaucts formed is
normally unimportant. However, 1t has beern cbserved in incdustrial
plants that a rise 1n the proportion o aldehyde 1in t“he distilled
glvceol may occur which was not rszacily axm;ainaaxe. At the same
time, unusually large cuantiti=es oI rusht particles (magnetitce)
were found 1in the liqguid pnases of the cis

i

The problem set out above cf increased aldehyde formation should
alsc exist in the conctext cf the discillative purification of
ethvliene glvcol which has been prepared by other svnthesis
routes, for example the catalytic cxidation 2f ethylene in acetlic
acic.

Moreover, 1t is Known tnat 1n _arge-sca.e industrial processes
such as, Ifor example, the manufacture of polvestcer fiber, large
quantities of liquid, glvcol-contalning residues are produced.
Receoverv of the glvcols present 1n these residues 1s reasonan.e
from an economic standpolint. Finally, large quantities of
ethylene glycol are produced irn the form of used radiator £iuid
or used antifreeze, frcom which the glvcol can likewise be
ecoverec. In the distillative werking up of these wastes,
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i

formation. A further factor is that the wastes may alread

contain small cuantities of aldehyde, presenting arn additiocnal
ol pure, .e. wssentia.ly
aldehvde-free, glycols.

The cerm “glyccl” as used herein embraces monoethvlene glivcol in
particular and also the cistillable nomologs thereof, such as

b d

Gi-, tri- and tetraethylene givycol.

Tt 15 an object of the present invention, therefore, to provide a
process which makes 1t pcssible o obktain glvcols wnose aldehvde
content 1s markeclyv reduced. i particu.ary obiect I1s to provide
monoe-hvlene glvcol wnhlch relizbly Zcecnizrms Lo the strict
specifications app.ying to starting materials for the production

choect s achieved by
providing a process for ogtaining glvco.s ¢ low alcdehvde content
from giycol~con:aining mixturess, 1n which the plant used for the
racovery o0 glycol i1s suriace-treaced, .n whcle or in part, with
at least one reductive phosphorus compound. The intention 1s to

treat at least those parcs of the p_.ant which come into contacc
with a glycol 1n the course of woerking ur the mixture.

The suriace treatmen:t 1is interded in parcticular to be carriea out
on the inner faces of tho
permanently or temporarily in contact with
auring the working up ¢f The mixture. This appliss 13 D
o plant components where processes ars carxriea
tamperature and to those produced Ireom cerrodabl

example steel. This may be -“ne case, 0y examp.e, witia -
evaporators and their feed and discharge plpes, disti’llation
columns and reactors. In a_.l ci these p.ant components it is
vossible Zor vapor spaces o form in which the unwanted formation
of aldehyde can take places at tne temperatures prevalilling

therein.

In accordance with the invention this surface treatment can be
carried out discontinuously or contilinuously. In the case ¢f a
discontinuous procedure, the plant components required for
separating the mixture can be treated, n whole ¢or In part, with
~he phosphorus compound beicre the mixture 1s processed, for
example, the distillation zolumn used £or the wvacuum distillation
of monoethvlene glvcol can ke =zreated with the phosphorus
compound 12 monoethvlene glvcol low Ln aildehvce Ls o be
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oroduced. For the discontinuous proc
o

w

dure, tle suriace treatment
can pe carried out, for example, belore processing each batch of
mixture tc be worked up, or else at other appropriats intervals

of time. This 1s dependent on the severity of the reformation of

aldehyde which is observecd in the case of separation.

£, on the other hand, operation is ccntinuous, then the
phosphorus compound can pbe added to the Flycol-containing mixture
prior to separatilion. The phospacrus-contalning mixture can then
be separated in the plant. In acccocrdance with thes invention 1t is

S, V-

varticularly preferrad tc meter the phosphorus comnouna.into che

e -

mixture continuously, directly pDefcore sseparatlon. This

--&**D

Ul

¢ -

-: -" -~ - . . vy s R % h‘:
particularly advisable 1I 1t 13 2xpected tn

0y
(D

L Che mixturs t©o

&
separatad contains aldenyce avan pbeIiosrs ssparation. 3Y tils mean

s
(T
(D
8
t
m

Al

possible to reduce thnese aldenyces py means ci tias

.

[}
F—
LT

1S
hosrhorus compound even deior=2 the actual separation st

Hn
{(}

‘“
b
-&- -

e
)
O

—
is desired, Zor =xample, to prepare moncethylene glyvcol low in

}--J
{1,

ehycde, tZhen the phesphorus compound <can e added contlnuousliy,

q

a
directlyv before introduction into toe vacuum distillation column

2,
*3‘

()

1ich is used for monoethylene glvecl seraraticon, to a
glycol-containing mixture produced, Ior =xample, by continuous

hydrolysis of ethylane oxice.

A combination of continuous anc discontinuous procedure 1s
likewise concelvable.

The phosphorus compeound used 1n accordance with the 1lnvention may
be any organic or liaorganilic phcsphcerus compcocund or a combination

n
sy

of organic and 1nNOrganic DIOSPLCrUus CoMmpcunds SNOWLINg t“e desixrad

raductive affact. The pROSPROTrisS CoOmMpCcUunc app.i=d comprisas a
reductive P i-containing species. Pr

(b

faranlv 1t 135 chosen from
nhosphorous acid (which is predcminantly in the stable tautomeric
form HP(O) (OH)3, which is also zalled phosphonic acid; c?. Rémpp
Chemie Lexixon [(Rémpp'’s Chemical Dictiocnary)]. 9th e¢.) and the
salts thereof. Salts of pnosphorous acid are preferably selected
from water-soluble salts such as, in particular, alkali metal
phosphites, zinc phosphites and calcium phosphites. Particularly
preferred alkall metal phospnites are sodium phosphite and
potassium phosphite. The ccrresponding hydrogen pnosphites can
also be used. What 1s most prefzarrec, hcwever, 1s to use the acid

Ltself.

I the pnospnorus compounc is added t£o the mixture 1tself, this
additcion is usually made such that the phosphorus compound 1s
present in a proportion or Ifrom abcout 10 o apbout 000 ppm before

glvcol is remcved from the mixture. The propecrticon should



10

15

20

25

30

35

40

45

CA 02242591 2002-08-06

S

-

creferably be in the range Irom akcut 130 to about 1000 ppm, and
0

should in particular pce about 500 pom. The phosphorus ccmpound is
preferably added as a solution in a glycol, such as monoethvlene

glycol.

If the plant 1s to be suriace-treated discontinuously with the
phosphorus cocmpound, then a solution i1s prepared containing the
vhosphorus compound in a propoertion c¢f about 0.1 to 10% by
weight, preferably from about 0.5 to 5% by weight, based on the
overall weight of the solution. The phesphorus compound can be
dissolved in a sulitakle organic sclvent. Ior example monoethvlene
glvcol, or 1n an agueous solvent, rLorx example water. An aguecus
solution is prelerably usec. The soclution prepared in this way 1s
then used to treat those partcs of zTne p_ant which are recuired
for separating the mixturs. Treatment can be carried out, for
example, by flooding the relevant parts of the plant woth the
solution and incubating taem Zor a suiltable perilocd. An
alternative possibility would be flushing ¢ the parts of the
rlant, allowlng the solution to circulate I0r an appropriatce
period by pumping Lt around the piant parts. Also concewvable is
spraving or irrigation of the parts of tne plant. The necessary
treatment period can be detsrmined by the skilled worker without
great difficulty, and may. Ior example, bDe IZrom about Z to 8
hours, Zor instance 4 to € nours. Treatment can be carried out at

ambient temperatures or, for example, wlith heated acueous

solution (heated for example at 40-50°C* .

Working up of che glycoli-containing mixture in a
the inventilon produces, in particul

surprisingly Llow aldehvyde content, the
of less than about 20 ppm, for example aboutr 1
Surprisingly, the novel DYoCess makes 1t pos
-
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arply, in particular, e :he croduction of pcl

£1lms.

-

Without being limited to the Zollowing explanation, the

surprising effect observed 1n accordance with the invention can
be explained as focllows:

The autoxidation of ethylene glvcoel, 1e. the direct reactilion with
oxvgen without a catalyst, 1s & slow prccess. In laboratory
experiments where glycol 1s subjected, under the conditions of a
cyplical vacu distillation, to the oxvgen which penetrates as a
_v & slow and sma_l
a

increase in the aldehyde levels Is chsexrv:

result of the natural leekage rate, on

2. This i1s particularly
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the case when these experiments are carried out in apparatus made

of inert materials (e.g. glass). Even arziiicial leazkage rates
involving increasec supply of oxygen lead to no drastic worsening

of these levels.

Tf, however, iron bodies (eg. filings) are introduced into the
same experimental setup i1n such a way that they are akle to come
into contact with the vapor phase cver the distilled glycol

then, at an identical leakage rate, aldehyde contents increased
by a multiple are observed. At the same time, corrosion occurs to
a cC in extent on the iron surfaces, focrming primarily

ety

magnet:=ite {(rus:c).

Even with pure magnetite insctead c¢f iron flliings, the same
increased formation of aldehyde 1s cbserved. However, if iron
£ilings or magnetite are in liguid (for example In the liguid
distillation phase), so that no gas-phase ccntact 1s possible

then the increased formation =-f alcenvce 1s alsc absent.

The formation of magnetite as a protective coatlng in plant
components made of iron is known per se and 1s indeed desirable.
Under certain circumstances, however, particles may be detached
from a compact magnetite coating and, having passed to another
part of the plant, catalytically promote the oxidation of glycol.
Indeed, such magnetite particles mav occasiona.ly be isolated bv
filtration in small gquantities in tne course 0L processes which
are in operation. IZ these particles arise continuously, then the
piant must be protected against corrosIion by another means.

By the novel additcion cf phosphorous acld and/or phospnites
the feed streams of the distillactions =

il
O

i}

1S poOssidle to prevent

?..

both corresion, with formaticrn of mag*etite, and the unwanted

oxidation of glvcel.

The present invention 1s neow i1.lustrated i1n mcre detall with
reference to the following working examples.

Working examples

Using the experiments described in Examples 1 to 4, the efiect of

the plant material on the formation o aidehyde from ethylene
clvcol was investigated:

Example 1
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Cistillation experiments

Ethvlene glycol

AN
W \v

(700-800 m.) was first »of all distilled ac-c
1

mbar and a liquid-pnase temperature of O 1n a simple
distillation apparatus consisting of distillation boiler with
boiling capillary, packed column (1 = 40 d = 2.5 cm),

descending condenser, receiver and cevice for producing reduced

13% licgquild phase was allowed:

experiment was about 2 L.

pressure. the duration of the

Glass rings or 1ron rings were used as
cgen was bubpled in via

e
i, il Ko

4
-~ 'VQ
whe oim-

packing for the column. Either or

the boiling capillary.

compl.ed i

glycol over glass or 1ron

Conditons: Packing l
Glass ron I
- = Ny 1 o e 1 ) T
A.denvae (ppm) -~/ -
free =otald free rocal?l!
Alr Distcil- !
late - - -
= 3k ’ 472 53
T - y
Licuid | l .
| i <5 51 30 55 |
phase |
24 | a5 40 | 53
Salance \ |
Nitrogen |Distil- | |
| r * )
ats . -
, 14 25 | 24 | 50
Lliceid - -
| ~a <5 | 5 12 | 52
|phase | | |
| | 13 29 ' 22 32
Balance [
2) Initial aldehyde level free = 15 ppm; total = 22 »pm
2) The difference between free aldehvde and tozal aldehvde is
1 the present case, espe-

the so-called bound aldehyde wnich
cially 1in the form of the acetals, =scapes direc: determinza-

+
~XOIl.
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1) The aldehyde levels were determinsc 1n accordance with the
MBTH method, a photometric method ZIor free and bound aldehyde
(gimilar to E. Savicky et al., Analvyt .uhem., 33, (Li%8861),
93-96) .
D
The overall aldehyde contents which are balanced (ie. obtained
taking into account the .lilcuid phase: cistillate ratio of 13:87)
from the table are particularly important Ior interpreting the
analytical data.
10
Tn the presence of alx, an lncrease 1n =“ae total aldehyvce content
15 observed which, however, 1s much greater 1n the case o0f the
iron packing. Moreover, cn thls packing & granu.ar, readil
.z novable black magnetite ccacing is Zormed.
Tf +he distillation 1s carried out under nitrogen, the format-on
of aldenrvde 1s substantia_.ly smallexr tc vircua.ly negligibilie.

20 Example 2
Reflux experiments

in further experiments, glvcol was heated under reflux, 1e.

2> without distillative removal, 1n the apparahtus according to
Example 1 and under otherwise lar ga?v ~dentical conditions. In
this wav, contact between vapor space and the material being
investigated can be maintained over a langer period, sco that the
30 vosited effects are able To occur to a greacer axtent.

The column was operated eltner as a pure glass column (emptyv) or
filled with i1ron f£i1lings. The latter experimental setup simulates
a reflux condenser o 1ron or & corresponding evapcrator with

=

35 gas-phase ccntact.

The results are compiled 1n Tabkle .

Table 2:
40 Refluxing o glvcel in the presence of i1ron packing in the gas

phase

45
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w

Experiment Aldehydet!

No.

([Prm |

1 le2

2 14 | ALY 1380

- 12 Ltrogen 40

- ‘ ]

42) ; 20 ALY 38
1) Total aldehyde
2) Control exper_mernt i1n glass
3) Initial alcehyde level 227 Tepm
I+ 1s observed that, with the 1ngress o2 airy at the i1ron surface,
ethyvlene glycol Iorms a _arge guantity 2I aldenhyde in a
relatively short time.
Comparison 1in partilicular with the blanxkx experiment (No. 4), which
despite a prolonged running time (20 hours) shows an increase in

(N

the aldehyde content by only 15 Dpm, makes clear the connection
between aldehvde Zormation and ircon suriace.

“he

In the course of the

experiments in the presence of oxygsn, 1ron surface becomes

covered with a dark oxide laver.

Example 3

Refluxing in the lmmersed pnase

Pure moncethyvlene glycol was refluxed 1n a glass apparatus

150-160¢C). Iron £ilings
ntirely 1mmersed, and were

according to Example 1

e ¥ <

*

were placec 1n

0 b
3
i

the liguid pnas

therefore unaple o ccme WLTN the gas phase. Alrx

again bubbled 1n wvia the bolling capillary. Table 3 the

Was
shows

Table 3:

Refluxing of glycol 1n the presence of iron packings in immersed
phase
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Material . | Aldehvael)
: (Ppm]
1 Glass i BoLx 38
2 Glass + 1ron l AlY \ 39
(Lmmersed)
| :1) Initzal

| levels 23 pom

Accordingly, iron in 1mmersed phase shows the same behavior as
the empty glass apparatus; =t—he increasec Zormation o¢f aldehyde 1n
the previous experiments must therefore taxe place in the gas
rhase.

Example 4

Pretreatment with phosnhorcus acid

In two parallel experiments, a glass co.umn was filled with the
following packings:

(

(2) filings which hacd peen stcred overn_ght beforehand i1n a 1%

',..3

) untreated £ilings
strength solution of vhosghorous acid in glycol.
The experimental procedure was as in Example 2.

The results are compiled in Table 4.

Table 4. i
Effect of pretreating the packing with rhosphorous acid

Treatment Duracion [n}

| Tota. aldehvde

1) Initial levels 23 ppm

With the ingress of air, aldehyce 13 produced in the case of the
untreated 1ron frlings, with the simultaneocus formation and
deposition of magnetitce.

\\\\\

e e et eaatts s hs by 9 TR R THITRACAR T o TN Y e veeT. ¥t
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in the case of the treated i1ron filings, th.s corrcslion occurs
virtually not at all and the ligquid phase remalns aimost clear.

The proportion cf re-formed aldehvde is subkstant:ially lower than

in the first case.
In the case of treatment with phosphorcus acid, the filings

hecome coated wlitl a green covering which 1s retained cover the

duration of the experiment.
Example 5
Onerational experiment

An operational experiment was carried out in a continuous
production plant which operates essentially 1n accordance with
20 and ethylene oxide

Wl
>
3
i
Y
't
b¢
rped

the scheme showrn in attached Fi
(E0) have been reacted 1n the reac:tcr (1) and the crude product
has been dewater=ad 1n the drving cclumn (2), phosphorous acid
(Gissolved in mcnoethylene glycol) at a concentration of 20 ppm
18 metered 1n continuous.iy to the ethvlene ¢glvcol mixture aiter
1t has passed through the evaporator (3; and beifore 1t enters the
distillation column (4). A marked reduczion 1n the total aldehvde
content in the pure monocethvliene glvcel (MEG) 1s observed (cf.

Table 5).

Table 5:
Reduction 1n the toral aldehyde contsnt in monoethvliene glycol
rreparec on the industrial sca.s

the Aldehyde in 'Equilibrium after -

Aldehyde in

MEG fraction

2 hours

40 At the same time, there 1s also a reduction in the amount of rust

or magnetite which can be removed by filtration from the
liquid-pnase discharge of the distillation.

If desiredq H1iPO3 can also be meterec in directly before the
) and (6), should the preparation of
i

—h

5
) or triethvliene glveco. (7T

aldehvde content be r
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Claims:

1. A process for obtaining glycols with low aldehyde
content from glycol-containing mixtures, which comprises surface-
treating the plant components produced from corrodible material,
used for glycol recovery, 1n whole or in part, with at least one
reductive phosphorous compound wherein the phosphorous compound 1s
added to the glycol-containing mixture before or during the
working up of the mixture; and subsequently the glycol(s) 1s (are)
removed from the reaction mixture by distillation and wherein,
optionally, the plant components used for zhe working up of the
mixture are, in whole or in part, pre-treated with the reductive

phosphorous compound.

2. A process as claimed in claim 1, wherein surface
treatment discontinuously takes place at least in those areas of
the plant which, permanently or temporarily, are in contact with

glycol in vapor form in the course of working up.

3. A process as claimed in claim 1, wherein the
phosphorous compound is metered continuocusly i1nto the glycol-
containing mixture ih a proportion of from about 10 to about 5000
ppm, mixing is carried out if desired and then the glycol(s) 1is

(are) separated off from the mixture.

4., A process as claimed in claim 1 or 2, wherein the
plant is discontinuously pretreated, in whole or in part, with a
soclution which contains the phosphorous compound in a proportion

of from 0.1 to about 10% by weight.

5. A process as claimed in claim 4, wherein the plant,
in whole or in part, is flushed, flooded, irrigated or sprayed

with the solution.
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6. A process as claimed 1in any one of claims 1 to 5,
wherein the phosphorous compound 1s selected from phosphorous acid

and the salts thereof.

7. A process as claimed in claim 6, wherein the salt of

phosphorous acid is a water-soluble salt.

8. A process as claimed 1in claim 7, wherein the water-

Jr—

soluble salt 1s selected from the group consisting of metal

phosphites, calcium phosphilites and zinc phosphites.

9. A process as claimed in any one of claims 1 to 8,
wherein the glycol-containing mixture to be processed is a

reaction mixture from the production of ethylene glycol.

10. A process as clalimed i1in any one of claims 1 to 8,
wherein the glycol-containing mixture to be processed is liquid

waste.

11. A process as claimed in claim 10, wherein the liquid
waste 1s selected from the group consisting of used radiator
fluid, used antifreeze liquids, and liquid waste from residues

from chemical production.

12. A process as claimed 1in any one of claims 1 to 11,
wherein one or more of monoethylene glycol, diethylene glycol and

triethylene glycol, each of low aldehyde content, are obtained.
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