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DISTILLATION OF REACTIVE METHYL GLYOXYLATE-METHYL GLYCOLATE M I X T U R E S  

D. R .  Cova and J .  M. Thorman 
De te rgen ts  and Phosphates D i v i s i o n  
Monsanto Company 
800 N.  Lindbergh B l v d .  
S t .  Louis ,  MO 63167 

ABSTRACT 

A process f o r  r e f i n i n g  methy l  g l y o x y l a t e  produced 
v i a  a i r - o x i d a t i o n  o f  methy l  g l y c o l a t e  i s  d e s c r i b -  
ed. T h i s  i s  a un ique s e p a r a t i o n  as methy l  g l y -  
o x y l a t e  r e a c t s  r e v e r s i b l y  w i t h  seve ra l  i m p u r i t i e s  
i n  t h e  r e a c t i o n  e f f l u e n t  (i .e., water ,  methanol and 
methy l  g l y c o l a t e ) .  Separa t i ng  wa te r  and methanol 
i s  accomplished u s i n g  d i f f e r e n c e s  i n  v o l a t i l i t i e s  
and r e a c t i o n  e q u i l i b r i a .  A z e o t r o p i c  d i s t i l l a t i o n  
i s  o f  p a r t i c u l a r  impor tance i n  reduc ing  wa te r  t o  
s p e c i f i c a t i o n  l e v e l  s. Separa t i ng  methy l  g l y c o l  a t e  
u t i l i z e s  t h e  e f f e c t  o f  system p ressu re  on v o l a t i l -  
i t y  and r e a c t i o n  e q u i l i b r i u m .  Recovery o f  methy l  
g l y c o l a t e  f o r  r e c y c l e  t o  o x i d a t i o n  i s  accomplished 
by passage th rough  l o w - r e t e n t i o n  t i m e  s t i l l s .  

INTRODUCTION 

Methy l  g l y o x y l a t e  (Gx) can be produced by t h e  a i r  o x i d a t i o n  o f  
methy l  g l y c o l a t e  (Gc) as shown i n  Eq. (1) :  

H3COOCCH20H t 1/2 02 H3COOCCH0 t H20 (1) 
(Gc) (Gx) 

Our purpose i n  t h i s  work was t o  develop a process f o r  a non-phosphate 
d e t e r g e n t  b u i l d e r  based on a polymer o f  g l y o x y l i c  a c i d .  T h i s  i n v o l v e d  
r e a c t i n g  Gc t o  fo rm Gx, r e f i n i n g  t h e  Gx i n t o  s u i t a b l e  monomer, 
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1982 COVA AND THORMAN 

p o l y m e r i z i n g  t h e  monomer, and p rocess ing  t h e  polymer i n t o  f i n a l  form.  
The s tudy  r e p o r t e d  here i s  concerned wi th  r e f i n i n g  Gx and r e c o v e r i n g  
unreacted Gc. 

Crude Gx f rom o x i d a t i o n  c o n t a i n s  cons ide rab le  q u a n t i t i e s  o f  
water ,  methanol, and unreacted G c ,  p l u s  t r a c e s  o f  o r g a n i c  a c i d s .  A l l  
must be removed t o  l ow  l e v e l s  t o  make s u i t a b l e  monomer. Any compound 
c o n t a i n i n g  t h e  -OH mo ie ty  i s  a c h a i n  i n i t i a t o r  i n  t h e  p o l y m e r i z a t i o n  
area.  Des i red  polymer cha in  l e n g t h s  o f  about 100 n e c e s s i t a t e d  
r e d u c i n g  water ,  methanol, and Gc l e v e l s  i n  Gx monomer such t h a t  t h e  
mo la r  r a t i o  o f  t o t a l  -OH t o  Gx was <0.01. Whi le  t h i s  process was 
never  commercial ized, t h e  problems encountered i n  r e f i n i n g  a r e  (and 
have been) o f  i n t e r e s t  t o  t h e  t e c h n i c a l  community (1,2,3). 

Gx i s  ve ry  d i f f i c u l t  t o  p u r i f y ,  owing t o  i t s  r e a c t i v e  n a t u r e .  
I t  po lymer i zes  upon s tand ing .  I t  a l s o  r e a c t s  r e v e r s i b l y  w i t h  any 
compound c o n t a i n i n g  -OH groups t o  form hemiaceta ls  ( h y d r a t e  i n  t h e  
case o f  wa te r )  as shown i n  Eq. ( 2 ) .  

OH 
I 

H3COOCCHO t R-OH H3COOCCH 
I 
0- R 

where R = H-,  H3C- o r  H3COOCCH2- 

T h i s  comp l i ca tes  t h e  r e f i n i n g  o f  r e a c t o r  e f f l u e n t  c o n t a i n i n g  
wa te r ,  methanol and Gc. For  example, d i s t i l l i n g  a m i x t u r e  o f  methanol 
and Gx produces some pu re  methanol o r  Gx (depending on o r i g i n a l  
c o n c e n t r a t i o n s ) ,  b u t  most o f  t h e  Gx w i l l  be recovered as a m i x t u r e  o f  
Gx and t h e  Gx-methanol hemiaceta l .  The same h o l d s  t r u e  f o r  Gx 
m i x t u r e s  w i t h  wa te r  and Gc. 

EXPERIMENTAL 

ANALYTICAL 

The hemiace ta l s  a r e  ve ry  l a b i l e  and t h e i r  c o n c e n t r a t i o n s  i n  a 
m i x t u r e  depend upon t h e  c o n c e n t r a t i o n s  o f  o r i g i n a l  components and t h e  
m i x t u r e  c o n d i t i o n  ( temperature,  pressure,  degree o f  e q u i l i b r i u m  o f  t h e  
m i x t u r e ) .  Thus, a n a l y s i s  o f  a c t u a l  c o n t e n t  would have t o  be i n - s i t u ,  
as any change i n  m i x t u r e  c o n d i t i o n  o r  any t i m e  r e q u i r e d  f o r  a n a l y s i s  
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DISTILLATION OF REACTIVE METHYL GLYOXYLATE-METHYL GLYCOLATE 1983 

would bring about composition change. We had limited success in using 
nuclear magnetic resonance (NMR) for this purpose. NMR was used to 
determine equilibria for the different hemiacetals, but the in- 
strument was too limited for use as a general analytical tool. Gas 
chromatography was generally used as the preferred analytical tool. 
Hemiacetals and hydrates broke down within the heated injection port 
o f  the gas chromatograph into original components so that this tool 
was useful in determining purity but not in determining the presence 
or quantity of hemiacetals and hydrates. These could only be inferred 
from the behavior of the mixtures in processing. The vapor-liquid 
equilibrium data shown in Fig. 1 are based on gas chromatographic 
analyses, as are the weights given in the material balance. 
Therefore, wherever Gx, Gc, methanol or water compositions are 
referred to in Fig. 1 and the material balance, what is meant is the 
total of both the free compound and that tied up in the hemiacetal or 
hydrate. 

VAPOR-LIQUID EQUILIBRIA 

Vapor-1 iquid equilibria for the systems, Gx-Gc, Gx-methanol and 
Gx-water were determined in a Gillespie-type recirculating still ( 4 ) .  
Since there was a possibility that reaction kinetics could have had 
an effect on the data, some points were repeated using a different 
technique. This was the dynamic flow method in which nitrogen gas was 
saturated with equilibrium vapor by flowing through three thermo- 
statted vessels containing a liquid mixture (5). There was little 
difference in the data. 

FRACTIONATION 

Fractionation was generally carried out in 1- and 2-in diameter 
Oldershaw columns operated in the continuous mode. Thermosyphon- 
type reboilers were designed with low retention times to reduce 
thermal degradation of the materials. 

RESULTS AND DISCUSSION 

WATER AND METHANOL REMOVAL 

Vapor-liquid equilibrium curves for the Gx-Gc, Gx-water and Gx- 
methanol systems shown in Fig. 1 are very similar to those of systems 
displaying high-boiling azeotropes (HC1-water, HF-water, chloroform- 
acetone, etc.). Here, however, chemical kinetics influence the 
volatilities. Note that changes in pressure have little effect on the 
"azeotrope" compositions of systems involving water and methanol. 

Analysis of equilibrium binary mixtures of Gx with methanol, Gc 
and water at various temperatures by nuclear magnetic resonance gave 
an indication of the reaction equilibrium and free energy. From this, 
relative bonding strength could be deduced. The hemiacetal with 
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1984 COVA AND THORMAN 

methanol was t h e  s t r o n g e s t ,  nex t  Gc, w h i l e  t h e  h y d r a t e  w i t h  wa te r  was 
t h e  weakest. Both methanol and wa te r  a r e  more v o l a t i l e  t han  Gc, so 
t h a t  under d i s t i l l a t i o n  c o n d i t i o n s  t h e r e  i s  a tendency t o  d r i v e  o f f  
these lower  b o i l e r s  i n  p r e f e r e n c e  t o  Gc. Fur thermore,  r e a c t i o n  
e q u i l i b r i a  comes i n t o  e f f e c t  i n  t h a t  t h e  presence o f  Gc i n  t h e  system 
f o r c e s  more methanol and wa te r  t o  b o i l  o u t  o f  t h e  system by r e p l a c i n g  
them i n  t h e i r  r e a c t i o n  w i t h  Gx. The d a t a  i n  Table 1 show t h i s  e f f e c t .  

F i g u r e  l a .  V a p o r - L i q u i d  E q u i l i b r i a  f o r  GX-MeOH 
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MOL FRAC VAPOR H20 
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MOL FRAC LIQUID H20 

F i g u r e  l b .  Vapor -L iqu id  E q u i l i b r i a  f o r  GX-HE0 

F i g .  l c  V a p o r - L i q u i d  E q u i l i b r i a  f o r  GX-GC 
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1986 COVA AND THORMAN 

A s u b s t a n t i a l  amount o f  methanol and wa te r  can be removed i n  t h i s  way, 
b u t  rema in ing  l e v e l s  s t i l l  exceed s t r i c t  p roduc t  s p e c i f i c a t i o n s .  
Furthermore, downstream chemical deg rada t ion  produces more wa te r ,  and 
h y d r o l y s i s  produces more methanol. Some means o f  r e d u c i n g  these  
l e v e l s  f u r t h e r  was r e q u i r e d .  Removing t h e  rema in ing  methanol was 
r e l a t i v e l y  easy. Once t h e  Gc was removed, methanol c o u l d  be separated 
f rom t h e  Gx as t h e  h i g h e r  b o i l i n g  hemiaceta l  (see F i g .  2 ) .  Water was 
a much more d i f f i c u l t  problem, because of t h e  weak bonding. Water 
tended t o  d i s t r i b u t e  th roughou t  t h e  e n t i r e  d i s t i l l a t i o n  column. 
Be fo re  c o n s i d e r i n g  t h i s  problem, t h e  s e p a r a t i o n  o f  Gc i s  desc r ibed .  

METHYL GLYCOLATE REMOVAL 

The vapor l i q u i d  e q u i l i b r i u m  curves f o r  t h e  Gx-Gc system ( F i g .  
1) show t h a t  system p ressu re  has a l a r g e  e f f e c t  on t h e  compos i t i on  o f  
t h e  "azeotrope" .  T h i s  compos i t i on  v a r i e s  f rom a h i g h  Gx l e v e l  a t  l ow  
p ressu res  t o  low l e v e l s  a t  h i g h e r  pressures and a lmost  d i sappears  a t  
202. kPa ( 2  atm). T h i s  phenomenon a l l o w s  an easy s e p a r a t i o n  between 
Gx and Gc. By d i s t i l l i n g  a t  a tmospher ic  p ressu re  most o f  t h e  Gx i n  
t h e  column feed i s  recovered f r e e  o f  Gc w h i l e  p roduc ing  a bottoms 
st ream d e p l e t e d  i n  Gc. Downstream i n  t h e  process p u r i f i e d  Gc i s  
recovered f o r  r e c y c l e  f rom t h i s  bottoms stream by d i s t i l l i n g  a t  h i g h  
vacuum. T h i s  i s  d e s c r i b e d  i n  a l a t e r  s e c t i o n .  

TABLE 1 
E x t e n t  o f  Water and Methanol Removal i n  Low-Bo i l e r  Column 

Gc : Gx Bottoms Composit ion 
w t  r a t i o  Water, w t %  Methanol, w t %  

50: 50 0.6 

40:60 1.2 

18:82 4.3 

1 .o 
1.1 

1.9 

PRODUCING SPECIFICATION-GR,WE METHYL GLYOXYLATE 

Simple f r a c t i o n a t i o n  t o  remove Gc produced Gx c o n t a i n i n g  l e v e l s  
o f  wa te r  and methanol above s p e c i f i c a t i o n s .  Some means was necessary 
t o  reduce these l e v e l s .  Methanol c o u l d  be r e a d i l y  removed by 
f r a c t i o n a t i o n .  Water was much more d i f f i c u l t  t o  remove. 
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Contacting Gx with anhydrous salts was unsuccessful in reducing 
water levels. Contacting with phosphorus pentoxide or polyphospho- 
ric acid reduced the water level but was uneconomical. Contacting 
with zeolite molecular sieve also reduced water levels but was un- 
economical because of low capacity for water under the conditions of 
operation. The most economical solution was the use of an entrainer 
to strip out water during the separation o f  Gx from Gc (Gx monomer 
column) and of Gx from methanol (finishing column) (6). Choice o f  a 
suitable azeotroping agent involved several criteria. These in- 
cluded: 1) process compatibility, 2 )  forming a two-phase system with 
water, 3 )  low solubility of water in the agent, 4 )  water level in 
azeotrope significantly greater than water solubility in agent, 5) 
boiling point less than 100°C at 101. kPa (1 atm), 6) agent non-reac- 
tive, and 7) totally miscible in Gx. Identifying one workable agent 
led to a class of suitable azeotroping agents based upon the paper by 
Godfrey (7). Our choice for operational reasons was methylene 
chloride. Fig. 2 shows the mode o f  operation. 

Fig. 2 Azeotropic Distillation 
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I n  t h e  p r e f e r r e d  mode o f  o p e r a t i o n  i n  F i g .  2, a second column i s  
shown. T h i s  i s  t h e  f i n i s h i n g  column where methanol was removed as 
t h e  h i g h - b o i l i n g  hemiaceta l .  E n t r a i n e r  was a l s o  used here t o  remove 
more wa te r  f rom t h e  Gx monomer. W i th  t h i s  mode o f  o p e r a t i o n  -OH 
l e v e l s  ( f r o m  water ,  methanol and Gc) were w e l l  below t h a t  r e q u i r e d  
f o r  s u i t a b l e  monomer. At tempts t o  combine these  two columns i n t o  one 
f a i  1 ed . 

RECOVERY OF METHYL GLYCOLATE 

Bottoms f rom t h e  Gx monomer column con ta ined  about 20% Gx and 
80% Gc. Gx l e v e l s  c o u l d  be reduced by o p e r a t i o n  a t  h i g h e r  p ressu res  
(202. kPa o r  h i g h e r ) ,  b u t  t h e  h i g h e r  temperatures i n v o l v e d  c o u l d  l e a d  
t o  i nc reased  chemical deg rada t ion  i n  t h e  r e b o i l e r s .  Opera t i on  a t  
a tmospher ic  p ressu re  was p r e f e r r e d .  I t  was necessary t o  p u r i f y  Gc 
b e f o r e  r e c y c l i n g  i t  back t o  t h e  o x i d a t i o n  area.  D i s t i l l a t i o n  a t  
reduced p ressu re  r a i s e s  t h e  l e v e l  o f  Gx combined w i t h  Gc i n  t h e  
hemiace ta l .  T h i s  f r e e s  up Gc which i s  l o w e r  b o i l i n g  t h a n  t h e  
hemiaceta l  and can be d i s t i l l e d  o f f .  F i r s t  i t  was necessary t o  coo l  
t h e  bottoms f rom t h e  Gx r e f i n i n g  column and h o l d  i t  i n  a surge t a n k  
t o  a l l o w  f o r m a t i o n  o f  t h e  hemiace ta l .  Low r e t e n t i o n  t i m e  s t i l l s  were 
used t o  maximize t h e  separa t i on .  The o p e r a t i n g  p ressu re  s e l e c t e d  was 
1.33 kPa (10 mm Hg). W i th  a s i n g l e  wiped f i l m  s t i l l  ( r e t e n t i o n  t i m e  
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Methyl 

Glycolate 

I 1 
E 

a 
P 

r 

t 

r 

7- 

V 

0 

0 

0 

{Tt-- Holding 

E 
V 

8 

P 

r 
a 
t 

r 

7- 

0 

0 

Monomer 
Column 
Bottom. 
(GxlGc) 

-l-=-l Holding 

Flnlrhlng 
Column 
Bottom. 

(Qx/M.OM 

to Tar Column 1 
F i g .  3 Methy l  G l y c o l a t e  Recovery 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Fig. 4 Overall Process 
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i n  seconds) i t  was p o s s i b l e  t o  o b t a i n  a d i s t i l l a t e  w i t h  98% Gc 
c o n c e n t r a t i o n  and a bottoms w i t h  61% Gc. For  economic reasons a 
system o f  two s t i l l s  w i t h  3 t o  15 minutes r e t e n t i o n  t i m e  i n  each s tage  
was used. T h i s  gave a d i s t i l l a t e  o f  98.5 t o  99% Gc and a bottoms o f  
61 t o  65% Gc. The f l o w  d iagram i s  shown i n  F i g .  3. Due t o  t h e  
k i n e t i c s  o f  hemiaceta l  f o r m a t i o n  and d i s s o c i a t i o n  these  s imp le  s t i l l s  
p r o v i d e d  as good o r  b e t t e r  a s e p a r a t i o n  as c o u l d  be o b t a i n e d  i n  a 
f r a c t i o n a t i o n  column (8). 

TOTAL PROCESS 

The t o t a l  f l o w  d iagram f o r  t h e  r e f i n i n g  o p e r a t i o n  i s  shown i n  
F i g .  4. M a t e r i a l  ba lance and o p e r a t i n g  p ressu res  and temperatures 
a r e  g i v e n  i n  Tab le  2. Besides t h e  o p e r a t i o n s  d i scussed  above, a h i g h  
b o i l e r  removal column was added t o  c l e a n  up column bot toms f l o w i n g  
back i n t o  r e f i n i n g .  
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