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HE recovery of many T materials produced by 
fermentation is generally ac- 
complished by either distilla- 
tion or  extraction of the fer- 
mentntion liquors. Various 
modifications of these proc- 
e s s ~  have been used for t h r  
recowry of 2,3-butanediol 
producrd by fermentation. 
Blom, Reed, Efron, and 
Mustakas (1) developed A 

distillation process, and 
Othmer, Bergen, Schlechter, 
and Bruins (2 )  developed an 

.4 2,3-butanediol fraction produced by fermentation was 
recovered from the beer as the formal. The method con- 
sisted of distilling an acidified mixture of whole beer and 
formaldehyde into a decanter which permitted return of 
the lower aqueous layer to the distilling vessel. The top 
oil layer w hich was collected contained, as the formal, 98- 
100% of the hutanediol present in the beer. The 2,3- 
butanediol formal which was present.in the oil layer waq 
i5olated and resolwed into two geometrical isomerfi. The 
formal was allowed to react with acid methanol and con- 
\erted to 2,3-butanediol and methylal in 95% conversion. 
4 method was deleloped for the recovery of formaldehyde 
and methanol from meihvlal. 

glycol as formal was n 
theory. 

2. FROM SFNTHhTIC 2 j c r  
GLYCOL BEER F ITH ' rRIOXl-  
METHYLEKE. 4 n  sittempt 
mas made to  concenti,ittb a 
25y0 glycol beer to  'I 23' ,  
beer, but  there Ra4 consiilei- 
able decomposition of  solid^ 
during the concc.nti.ttion 
Therefore, a ayntht tic. l x v  I 
was made up. 

Whole-grain rtwiiie t i  O I I I  

the ethyl alcohol t m i  itill 
was filtered through ii So 

extraction process. I n  these reports the authors emphasized the 
difficulty of recovery; they ascribed it to  the high boiling point 
of the glycol and to  the presence in the fermentation liquor of 
2 parts nonvdlatile solids to  1 part glycol. 

-4s the difficulties of recovering the glycol produced by fermen- 
tation were recognized, the chemicnl properties of the glycol were 
examined in the hope that  the matrrial could be converted, in the 
liquor, to  some readily isolable derivative. Polyhydric alcohols 
which have hydroxyl groups on carbon atoms ~ l p h a  or beta to  
each-other are distinguished by their pronounced tendency to  
form cyclic acetals. This property of 2,3-butanediol was recog- 
nized; i t  seemed possible that  the diol could be converted to  the 
formal in the 4-6T0 2,3-butanediol beer (Ivhich can be produced 
by fermentation) and that  distillation of this mixture would re- 
move the formal from the beer. 

B 3% aqueous solution of the glycol was prepared, and the t x -  

periment was tried. All of the glycol in solution n a s  converted 
to the formal and the latter distilled RS a constant tjoiling mixture 
(CBJI) with water. Work ryas then started on the isolation of 
2,3-butanediol formal from the beer and on the hydrolysis of the 
formal to  the glycol. This paprr descrihes the rwiiltr of that  
work. 

L.ABOHATORY ISOLATIO\; OF 2,3-BI!ThNEl)lOL FOR !I A L 
FROM BEER 

I .  \ v ITH .iQCEOTJS FORMALDEHYDE. Five poUIltk (2265 
grams) of beer (2.7 weight % glycol) were distillcd through x 1- 
foot Vigrrux column a t  a 10: 1 reflux ratio until the w p o r  tcmprr- 
ature had reached 99.5" C. This distillation gave 276 grams of 
distillate, which contained all of the ethyl alcohol prwi'nt in tl iv 
tiivr. 

One hundred c:ighty grams of 509, aqutwia sulfuric :(rid :ind 
) grams of 36", aqueous formaldehyde \yere added t o  the rwi- 

riut.: the  mixture \vas distilled over the range 80-97" C .  through 
the  Viprrux column a t  total take-off. The distillate consisted of 
I W C J  1;ryc.i-s. The top oil layer was separated from t h c  ivater layer 
:inil stored; the Litter wis returned to  the residue. Distillation 
W:IS continucd for 6 hours. At the  end of this time the separation 
1 ) f  oil in the distillate had ceased. The entire dijtillation gave 84 
grams of oil; its composition !vas determined by rectification. 
Tht, i.(*siilts of thv oil analysis appear in Table I. Thc rrcovery of 

30 U. S. Standard sieve. To  375 grams of this filtr:it(, 
were added 125 grams of 2,3-butanediol, 18 grams o! 
concentrated sulfuric acid, and 53 grams of trioxymethyl(w 
The mixture was distilled into a decanter which permitted return 
of the lower aqueous layer to the reaction vessel. The top oil 
layer was collected and storcd. The separation of oil ceased aftrr 
1.5 hours. .\nalysis of thc oil layer showed that  i t  containid 
140.5 grams of 2,3-hut:inetliol formal, 2 grams of watw, and I 
gram of fornialdehydc. T h e  recovery of glycol from qynthctir- 
hcrr \vas 995; o f  theory. 

PLAZT ISOLATION O F  2.:3-HUT.ANEDIOL FORMAL FRO11 13k;LR 

1, I ~ I T H  X ~ r ~ o r r s  FORMALDEHYDE. Three hundred sixty 
gallons of beer which cwntainrd 72 pounds of glycol by analysis 
were charged to  n 500-gallon kettle connected to  a thirty-plat(, 
column. Thts mixture was distilled a t  a 4: l  reflux ratio until 
the vapor ttsmpt,!,ature rcarhed 99-100" C. This distillation 
yielded 24 gallons of distillatt, which contained 20YC ethyl alcohiil 
by volume. 

The residue Tas  cooled to  95' C. and the kettle was c1i:irgd 
with 200 pounds of 50% aqueous sulfuric acid, 300 pounds of 36'3 
aqueous formaldehyde, and 40 gallons of tails cut from a previoub 
recovery. The mixt,ure was distilled a t  total take-off into N di.- 
ranter. Thr, top oil layer which separated in the decanttar nxs  
collectcti, and the lo\T-er aqueous layer \\-as returned t o  thr kettle. 
'The separ:ition of oil in t h r  drranter ceased after 10 hours of (lis- 
tilltition; tht> yield v i : i~  97 pounds. Recovery of glycol 21s glyrol 
formal Tyas l00Tb of theory (Table I). 

Further distillation of the residue gave an aqueous distilhte 
\vhich contained some dissolved 2,3-butanediol formal. IIc~nce, 
after oil h:id i - e : i d  srparating in the decanter, 40 gallorii I)!' :I 
tail cut W:XS tliatilled :it :I 4: 1 reflux ratio for 10 hours ovi'i t l i ( .  
range 80-99' C .  This tails ru t  ivas stored, and the oil IVX. rc*- 
covered in a subsequent run  according t o  the method tlc 

method of recovering 2,3-but:11icdiol formal from beer (It- 
scriheil in the prwetiing si,(-1 ion showed that  the coritiriucd use of 
this method noultl lead t o  difficulties because of the presence or' 
methnnol in commercial : i (p(vus formaldehyde. For this reason 
a series of 2,3-hutanediol formal recoveries was carried out with 
formaldrhytlt~ from rvhich :til methanol had been removed by d i e  

2 .  \\-1TH hIETHASOI.-FREE .%QCEoCS FORMALDEHYDE. Thc 
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RAW AND P R O D U C T l V E  2,3- BUTANEDIOL RECOVERY FROM FERMENTATION LIQUOR p ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~  
BASIS: 3,000 LB. BEER CONTAINING 3.5 % GLYCOL M A T E R I A L S  

E T H Y L  ALCOHOL 

A L C O H O L  S O L U T I O N  
120 L0.207. I 5 0  

GALLONS 

3,000 LB.BEER 
3.5 % 2.3-BUTANEDIOL 
0.8% E T H A N O L  A L S O  

~ CON DENSER 2.3- BUTANEDIOL 

n I05 LB. D A C E T O N  A N D  * r\ 

i U W '  

< -I 

6- COLUMN, 35MM.  P R E S S U R E  

CHARGE 134 LB. O I L  L A Y E R  (119 LB. 
GLYCOL FORMAL): A D D  260 LB. 
METHANOL, 20 LEeWATER, 28 L 0 .  
6 6 -  SULFURIC ACID; HEAT W I T H  
WATER A T  80pC.  D I S T I L  M E T H Y L A L  
AT IO:! REFLUX. N E U T R A L I Z E  

2.8LB.70 P R E P A R A T I O N  AND W I T H  CAUSTIC.  D I S T I L  M E T H A N O L  ,",,:$\,, D I S T I L L A T I O N  OF GLYCOL A T  6:I REFLUX. O l S T l L  WATER AT 

A 0  C A L L O N S  T A I L S  C U T  
B I A C E T  Y L 

(a- io LB.FORMAL) GLYCOL R EGE NERAT ION 
C U T  F R O M  P R E V I O U S  - 1 2 0 0 - G A L L O N  M E T T L E  

I ( R E C Y C L E )   GALLON K E T T L E ,  ~ O - P L A T E  

R E A C T I O N  S T I L L  
40 G A L L O N S  T A I L S  

RUN (a - ID LB. FORMAL) 3 0 - P L A T E  S T E E L  C O L U M N  

ETHYL ALCOHOL RECOVERY 2 7  L B .  
C O N O  E N S A T E  WAT ET) 

-I CHARGE BEER, T A I L S  CUT, 
SULFURIC ACID: D I S T I L  ALCOHOL 5 
- ~ -  

i . - -  RECOVERED 
W METHANOL 

107 L B  A 7  6:l REFLUX, V.T. B O - 9 0 - C .  
LII. IOZaC.,6 H O U R S  REQUIRED. 

535  G A L L O N S  
TOTAL T A K E - O F F  ( S A V E  AND 

F O R M A L D E H Y D E  - COOL T O  9OPC.,ADD F O R M A L -  . USE I N  N E X T  BATCH).  
F O R M A L  

AT 35MM.01STIL G L Y C O L  A T  
T O T A L  TAKE-OFF, V.T. 1 1 5 - C .  RECOVERED 

100 LB. 

OEHYDE D I S T I L  A T  T O T A L  T A K E -  
OFF TO'A C O N T I N U O U S  DECANTER 

COLUMN; v,l.=ao T O  IOO'C. I O  
FORMALDEHYDE 500 RETURNING AQUEOUS LAYER T O  

\ r t  9 6  L B .  
CALLON? 

HOURS REQUIRED. OIL L A Y E R  
2bb LBITO O B T A I N E D = 1 3 4  LB. ( C O N T A I N S  

GLYCOL I19 LB.GLYCOL t O R M A L )  D I S T I L  
RECOVERY 40 G A L L O N S  T A I L S  C U T  AT 6:I 

m 21 I 
ME THYLAL.- 3.7 L B S O D I U M  

S U L F A T E  REFLUX; 10 HOURS REQUIRED. M E T H Y L A L  19 C O N T I N U O U S L Y  
C O N T A C T E D  W I T H  I5 9- SULFURIC 
ACID A T  100°C. M C T H A N O L  A N D  

ADD 500 G A L L O N S  O f  M E T H A N O L ,  F O R M A L D E H Y D E  ARE RECOVERED 
D I S T I L  M E T H Y L A L  AT 6:l REFLUX FROM E F F L U E N T  VAPOR. 
(V.T.42.C.) D I S T I L  4 3 0  G A L L O N S  
M E T H A N O L  AT 2:1 REFLUX, 
R E M A I N D E R  O f  M E T H A N O L  A T  4:l 

1z.aoo FORMALDEHYDE RECOVERY 

3 , 0 0 0  LB. 
S T I L L  RESIDUE 

100 L B + S U L F U R I C  ACID 

14,000 L b S T E A M  
CONO E NS AT E 

0 0  

- N  

26 LE.  C O N D E N S A T E  
W A T E R  

REFLUX. 0 0  

2.1 L B , C A U S T I C  
(TO G L Y C O L  RECOVERY) 35.000 G A L L O N S  E X I T  

C O O L I N G  WATER 40DC. 

chloric acid, and 1600 ml. of methanol, was distilled through a 4-. 
foot laboratory column a t  a 1O:l reflux ratio. 
this distillation are set forth in Table IV. 

The results of 

TABLE I\r. CONVERSION OF 2,3-BUTANEDIOL F O R M A L  T O  
2,3-B CTANEDIOL 

Boiling Volume of 

42-48 1000 hlixt. of methylal  and  methanol 
48-64 300 JI ixt .  of methylal  and  methanol 

64-105 410 Sl ixt .  of methanol  and  Rater  

Range, C. Diatillate, AIL Compn.  of Distillate 

64 360 Methanol  

When the vapor temperature in the above distillation reached 
105" C., 20 grams of sodium carbonate were added to the residue 
to  neutralize the hydrochloric acid. Distillation of the residue 
a t  atmospheric pressure gave 686 grams of 2,3-butanediol! boiling 
point 178-180' C. 

A mixture of 25 pounds of 
oil isolated in the plant (procedure described in section 2 ) ,  0.73 
pound of sulfuric acid dissolved in 3 pounds of water, and 12 
pounds of methanol, was distilled through a 4-foot laboratory 
column a t  a 1O:l reflux ratio. After the methylal and excess 
methanol had been removed, the sulfuric acid was neutralized 
with caustic. The residue was distilled a t  atmospheric pressure 
until the pot temperature reached 140" C. This distillation re- 
moved most of the water in  the mixture. Distillation of the resi- 
due in vacuo gave 17.5 pounds of 2,3-butanediol, boiling point 
111-116' C. a t  60 mm. 

ESCE OF HYDROCHLORIC .%?ID. 

Conversion vias 94% of theory. 
IN PRESENCE OF SULFURIC ACID. 

Conversion was 9470 of theory. 
COXVERSIOS O F  ISOMER 11 T O  ~IESO-2,3-BUTANEDIOL I N  PRES- 

.\ mixture of 204 grams of the 

higher boiling isomer of 2,3-butanediol formal (Table III), 10 ml. 
of concentrated hydrochloric acid, 180 grams of water, and 700 
ml. of methanol was distilled through a 4-fOOt laboratory column 
a t  a 10: 1 reflux ratio. After methylal and excess methanol had 
distilled, 20 grams of sodium carbonate and 300 ml. of benzene 
were added to  the pot. The water was distilled as an  azeotrope 
with benzene. -4fter water had been removed, the residue was 
filtered and rectified, and the product was distilled in vacuo. I t  
boiled a t  83.3' C. a t  10 mm. pressure. Conversion was 90% of 
theory. An undetermined amount of product was held up in the 
column. 

This 
iiidicates that  it is meso-2,3-butanediol, vhich is known to melt 
at 34" C. 

The product isolated in this experiment melts a t  32.5" C. 

The dI-2,3-t1utanr(~iol isomrr melts a t  4' c'. 

RECOVERY OF F O I I U ~ L D E H Y D E  AVI) w;rti.moL FRON 

'The recovery of fornialdehydc~ and methwnol from methylal 
\vas confined t o  miall laboratory experiments. At the time the 
present problem was discontinued, the procedure which gave 
the best results was as follows: After 250 grams of 10% aqueous 
sulfuric acid n-ere heatrd to 90-95' C. in a 500-ml. round-bottom 
flask, rnc~thylnl h as introduced slowly a t  the bottom. 

Thc vapors which escaped from the liquid were condensed and 
vollectcd in a flask connected to a 4-fOot laboratory column. The 
unconvc:rt,ed methylal was distilled through the column and re- 
cycled through the acid solution. Seventy-six grams of methylal 
were hydrolyzed for 2 hours according to  this procedure. The 
acid solution was distilled into the column flask for 15 minute- in 
order to  remove methanol and formaldehyde. The distillato 
i n  tlir column fl;isk W : I ~  fractionated, and unconverted methylal 

1IETAYLAL 




