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@)  Method  for  purification  of  phenol. 

(57)  The  invention  relates  to  a  method  for  purification  of  phenol  and  specifically  to  a  method  for 
purification  of  phenol  produced  within  the  process  of  joint  phenol  and  acetone  production  by  cumene 
method. 

The  aim  of  the  invention  is  to  develop  a  catalyst  which  has  high  activity  for  phenol  purification  from 
organic  mico-impurities  with  regeneration  of  the  catalyst  and  which  has  high  mechanical  strength  and 
stability  with  long  catalyst  life. 

This  result  is  obtained  by  phenol  purification  using  a  heterogeneous  zeolite  catalyst.  The  acidity  of  the 
catalyst  measured  by  butane  cracking  (Ka)  is  more  than  10. 

Phenol  derived  from  distillation  of  heavies  and  lights  and  still  containing  impurities  i.e.,  hyd- 
roxyacetone,  mesityl  oxide,  &-methylstyrene,  2-methylbenzofurane  and  other  carbonyl  compounds  and 
not  containing  water  (water  content  not  more  than  1  wt%,  preferably  less  than  0.1  wt%)  contacts  the 
zeolite  catalyst  at  a  temperature  between  about  120  to  250°C  (preferably  180  to  200°C)  and  space 
velocities  0.1-3.5  hr  1  (preferably  0.8-1.2  hr  1). 

It  has  been  discovered  that  said  purification  results  in  conversion  of  such  impurities  as  mesityl  oxide, 
hydroxyacetone,  &-methylstyrene  and  other  carbonyl  compounds  of  not  less  than  90%. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  of  purification  of  phenol  and  in  particular,  to  a  method  of  puri- 
fication  of  phenol  which  is  produced  within  joint  phenol  and  acetone  production  by  the  cumene  method. 

5  Phenol,  after  being  distilled  from  heavy  and  light  products  of  the  joint  synthesis,  still  contains  the  impurities 
of  organic  matters  such  as  mesityl  oxide,  alpha-methylstyrene,  2-methylbenzofurane  and  other  carbonyl  com- 
pounds  which  are  difficult  to  remove  by  conventional  methods  such  as,  for  example,  distillation.  These  impur- 
ities  worsen  the  properties  of  commercial  phenol  since  such  phenol  has  low  color  stability. 

Awidely  known  commercial  method  of  phenol  purification  from  organic  micro-impurities  is  a  method  based 
10  on  phenol  contact  with  ion-exchange  resins  as  taught  in  Technology  report  "Development  of  process  scheme 

for  phenol  purification  at  ionexchange  KY-2,  KY-2-8yc  for  Ufa  Plant  of  Synthetic  Alcohol",  Giprokauchuk,  No- 
vokuibyshevsk,  1986,  p.  84.  The  disadvantages  of  this  method  are  a  narrow  temperature  range  of  resin  appli- 
cation  (50-1  30°C),  limited  life  of  usage  due  to  unrecoverable  destruction  of  catalyst  granules  as  well  as  prob- 
lems  of  spent  resin  utilization. 

15  USA  Patent  No.  3,454,653  and  USA  Patent  No.  3,029,294  describe  methods  of  phenol  purification  from 
impurities  using  aluminosilica  catalysts.  Disadvantages  of  these  methods  are  low  catalyst  activity  and,  hence, 
long  contact  time  (4-8  hours),  as  well  as  selective  purification  from  one  of  the  impurities  components  (in 
3,454,653  from  2-methylbenzofurane,  in  3,029,294  from  hydroxyacetone). 

The  purpose  of  the  present  invention  is  the  development  of  a  catalyst  with  high  activity  for  phenol  purif  i- 
20  cation  from  impurities  with  efficient  regeneration,  high  mechanical  strength  and  stability  to  give  a  long  catalyst 

life. 
This  purpose  is  achieved  by  phenol  purification  using  heterogeneous  zeolite  catalysts  which  are  distin- 

guished  by  the  certain  level  of  acidity  measured,  for  example,  by  a  method  of  butane  cracking  as  described  in 
H.Rastlli,Can.Journal  of  Chem.  Eng.,  1982,  v.  60,  p.  4449).  All  zeolites  with  KA>10,  where  KA  -  first  order  re- 

25  action  rate  constant  for  butane  cm3/min*g  can  be  used  as  catalysts  for  catalytic  phenol  purification  in  the  liquid 
phase. 

It  is  preferable  to  use  zeolites  which  are  designated  according  to  classification  of  International  Zeolite  As- 
sociation  by  indices  FAU  (zeolites  X,Y,),  MFI  (for  example,  ZSM-5),  MOR  (mordenite),  MAZ  (omega),  BEA 
(beta),  FER  (ferrierite)  and  others.  These  zeolites  can  be  used  with  binders  (aluminum  oxide,  silica  gel,  alu- 

30  minosilicates  or  aluminophosphates)  and  without  them.  It  is  preferable  to  use  zeolite  of  Y  type  with  an  alumi- 
nosilicate  binder  having  a  value  of  KA  =  50-80  cm3/min*g  and  Si/AI  ratio  more  than  3.  Preferably,  the  concen- 
tration  of  sodium,  potassium  and  other  alkali  agents  on  the  basis  of  their  oxides  does  not  exceed  2  wt%,  more 
preferably  not  more  than  0.3  wt%.  It  is  preferable  to  use  zeolites  with  medium  and  large  pores.  Size  of  zeolites 
pores  should  range  from  4A°  in  diameter  and  higher.  The  most  preferable  zeolites  are  with  large  pores  (>6A°) 

35  such  as  Y  and  mordenite. 
Phenol  derived  from  distillation  of  heavies  and  lights  and  still  containing  the  impurities  hydroxyacetone, 

mesityl  oxide,  alphamethylstyrene,  2-methylbenzofurane  and  other  carbonyl  compounds  but  not  containing 
water  (water  content  less  than  1  wt%,  preferably  less  than  0.1  wt%)  contacts  the  zeolite  catalyst  at  a  temper- 
ature  of  between  about  120  to  250°C  (preferably  180-200°C)  and  space  velocities  0.1  -  3.5  hr1  (preferably 

40  0.8-1  .2  hr1). 
It  has  been  discovered  that  said  purification  results  in  not  less  than  90%  conversion  of  such  impurities  as 

mesityl  oxide,  hydroxyacetone,  alpha-methylstyrene  and  other  carbonyl  compounds.  It  is  important  that  the 
above  mentioned  impurities  are  converted  into  the  products  of  condensation  under  the  effect  of  the  catalyst 
and  purification  conditions,  so  that  these  impurities  can  be  separated  from  phenol  by  further  rectification  and 

45  removed  from  the  process  along  with  other  "heavy"  products,  so-called  "phenol  tar".  At  high  space  velocities, 
(more  than  0.8  hr1)  there  is  a  rise  in  the  level  of  2-methylbenzofurane  to  an  amount  which  can  be  easily  re- 
moved  from  phenol  by  distillation.  At  low  space  velocities  (less  than  0.8  hr1)  and  high  temperatures  (more 
than  200°C)  there  is  a  decrease  in  2-methylbenzofurane  amount  (conversion  is  not  more  than  50%).  Acidity 
of  zeolites  active  centers  can  be  stabilized  by  rare-earth  elements  (e.g.  lanthanum  and  others).  This  results 

50  in  a  stable  catalyst  run  overan  extended  time  even  at  high  micro-impurities  content  in  the  phenol  to  be  purified. 
The  useful  life  of  the  above  mentioned  catalysts  is  not  less  than  three  years. 

The  present  invention  is  illustrated  by  the  following  examples  which  do  not  limit  the  invention  and  its  claims 
but  illustrate  the  application  of  a  number  of  zeolite  catalysts  of  the  type  suitable  for  phenol  purification: 

55  Example  1 

Phenol  containing  21  ppm  acetone,  66  ppm  hydroxyacetone  (HA),  217  ppm  mesityl  oxide  (MO),  1304  ppm 
alpha-methylstyrene  (AMS),  236  ppm  2-methylbenzofurane  (2-MBF)  and  35  ppm  of  other  carbonyl  compounds 

2 
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(CC)  was  pumped  through  a  reactor  pipe  with  a  length  of  1500  mm.,  an  inner  diameter  of  30  mm,  filled  with 
950  ml  of  catalyst  (Zeolite  of  Y-type  with  an  aluminosilicate  binder.  Zeolite  content  1  6%,  aluminum  oxide  content 
9.7%,  silicon  oxide  content  86.1%,  sodium  oxide  content  -  0.3%  rare-earth  elements  oxides  content  -  2.9%, 
specific  pore  volume  -  0.51  cm3/g,  and  an  acidity  level  determined  by  the  value  of  KA  =  70  cm3/min*g)  at  a 

5  temperature  of  140°C,  atmospheric  pressure,  a  space  velocity  of  0.3  hr1.  After  the  catalyst  run,  phenol  purity 
was  determined  by  gas  chromatography  (GC).  Samples  for  analysis  were  grabbed  each  hour.  Time  of  the  ex- 
periment  was  5  hours.  Phenol  composition  after  purification  was  as  follows  (average  values):  5  ppm  MO  (the 
degree  of  conversion  98%),  25  ppm  AMS  (the  degree  of  conversion  98%),  4  ppm  CC,  10  ppm  acetone,  1  ppm 
HA  and  269  ppm  2-MBF  (increase-)(13%). 

10 
Example  2 

The  experiment  was  conducted  as  described  in  Example  1  but  the  space  velocity  was  3.5  (hr1).  The  phenol 
composition  before  purification  was  as  follows:  5  ppm  acetone,  96  ppm  HA,  53  ppm  OM,  1106  ppm  AMS  and 

15  214  ppm  2-MBF;  phenol  composition  after  purification  was  as  follows:  4  ppm  OM  (the  degree  of  conversion 
was  92%),  21  ppm  AMS  (the  degree  of  conversion  was  98%),  6  ppm  CC,  12  ppm  acetone,  there  is  no  hydrox- 
yacetone,  237  ppm  2-MBF  (increase  -  11%). 

Example  3 
20 

The  experiment  was  conducted  as  described  in  Example  1  but  temperature  was  250°C,  space  velocity  0.1 
hr1.  The  phenol  composition  before  purification  was  as  follows:  21  ppm  acetone,  107  ppm  OM,  98  ppm  HA, 
230  ppm  AMS  and  152  ppm  2-MBF:  the  phenol  composition  after  purification  was  as  follows:  8  ppm  OM  (the 
degree  of  conversion  93%),  3  ppm  AMS  (the  degree  of  conversion  99%)  and  45  ppm  2-MBF  (the  degree  of 

25  conversion  70%),  CC  -  9  ppm,  acetone  -  10  ppm,  no  hydroxyacetone. 

Example  4 

The  experiment  was  conducted  the  same  way  as  described  in  Example  3  but  space  velocity  was  3.5  (hr1). 
30  The  phenol  composition  before  purification  was  as  follows:  23  ppm  acetone,  63  ppm  OM,  5  ppm  AMS  and  178 

ppm  2-MBF;  the  phenol  composition  after  purification  was  as  follows:  6  ppm  OM  (the  degree  of  conversion 
90%),  2  ppm  AMS  (the  degree  of  conversion  96%)  and  201  ppm  2-MBF  (increase-  13%),  CC  -  5  ppm,  8  ppm 
acetone,  hydroxyacetone  was  not  found. 

35  Example  5 

The  present  example  illustrates  the  effect  of  water  in  crude  phenol  on  the  catalyst  and  the  resulting  change 
in  conversion  of  mesityl  oxide,  alpha-methylstyrene  and  2-methylbenzofurane. 

The  experiment  was  conducted  the  same  way  as  described  in  Example  1  .  The  catalyst  was  first  calcinated 
40  in  a  nitrogen  stream  at  a  temperature  of  250°C.  The  loss  in  weight  at  calcination  was  2  wt%.  The  results  of 

the  experiment  are  given  below  (see  Table  1). 

45 
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Example  6 

The  present  example  illustrates  the  duration  of  catalyst  run  without  loss  of  activity. 
The  experiment  was  conducted  the  same  way  as  described  in  Example  1.  The  unit  was  operated  contin- 

uously  for  1043  hours.  Temperature  varied  from  115  to  190°C,  space  velocity  varied  from  0.4  to  3.75  (hr1). 
Atmospheric  pressure  was  used  or  those  pressures  which  matched  the  state  of  liquid  phenol.  The  obtained 
results  are  shown  in  table  2. 
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Table  2 

Total  Neater  I  Mean  Average  Average  taw. 
run  tiae.  of  |  space  taapera-  Position  coaposition 

hr  aeaaure-  |  velocity  ture.  pen 

|  0M|  AMS  2KBF 
'  —   i  —  

92  9  , 0 . 7   !  123  input  24  421  145 
10.4-1.  0)  (116-128)  output  -  4  187 

residua.  X  0  1  129 

201  6  |  2.8  142  input  It  125  19t 
(2.2-3.75)  (138-1441  output  6  4  433 

residua.  X  7  3  219 

|  278  4  2.2  132  input  80  391  118 
i  12.0-2.4)  (131-132)  output  7  10  256 

1 
|  residua.  X  9  3  136 

j  492  j  7  I  i.o  141  input  50|  883  j  183 
|  .:  (1.3-0.61  (132-149)  output  4|  11  (308 

residue.  X  8  1  161 

682  9  0.95  150  input  42  229  207 
(1.3-0.6)  (141-156)  output  2  10  443 

sanam  anasE 
residue.:  2)  4  214 

J  1043  12  !  1.6  187  input  38  81  125 
i  (1.2-2.61  (185-190)  (output  2  3311 

j  !  residue  .X  ^ ^ " ^ 2 4 9 ™  

Note:  In  the  columns  "mean  space  velocity"  and  "average 

temperature",  the  minimum  and  maximum  values  of  co r respond ing  
variables,  are  given  in  brackets. 

Example  7 

The  experiment  was  conducted  the  same  way  as  described  in  Example  1-4  but  catalyst  with  following  char- 
acteristics  was  used:  Zeolite  of  Y  type  with  binderaluminosilicate.  Zeolite  content  was  7%,  silicion  oxide  content 
85%,  aluminum  oxide  content  8.9%,  sodium  oxide  content  0.3%,  rare-earth  elements  oxides  content  1  .5%,  the 
volume  of  pores  -  0.5  cm3/g.  The  value  of  KA  =  50  cm3/min*g.  The  results  are  presented  in  table  3. 
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Table  3 

Conditions  of  experiment  Degree  of  conversion,  %  Increase,  % 

5  OM  AMS  HA  CC  2-MBF 

Example  1  95  98  100  93  16 

Example  2  90  99  100  95  5 

10  Example  3  91  98  100  98  -9 

Example  4  92  98  100  97  13 

15  Example  8 

The  experiment  was  conducted  the  same  way  as  in  Example  1  ,  but  zeolites  X,Y  and  mordenite,  MFI  and 
FERRIERITE  in  H-form  were  used.  The  acidity  of  applied  zeolites  set  by  KA  value  is  within  range  30-90 
cm3/min*g.  Zeolite-mordenite  had  no  additions  of  aluminum  and  manganese.  Results  are  given  in  table  4. 

20 
Table  4 

30 

Conditions  of  experiment  KAcm3/min*g  Degree  of  conversion,  %  Increase,  % 

OM  AMS  HA  CC  2-MBF 

Mordenite  80-90  100  99  100  93  1 

HY  50-70  95  90  54  89  0 

HX  30-50  80  65  45  98  -10 

MFI  80-90  98  90  91  87  -15 

FERRIERITE  40-50  82  67  50  95  -18 

35 
Example  9 

The  experiment  was  conducted  the  same  way  as  described  in  Examples  6-8,  but  zeolites  with  binders 
were  used.  Aluminosilicates  were  used  as  binders  (silicon  oxide  content  is  70  wt%,  aluminum  oxide  content  is 

40  30  wt%).  Zeolites  content  is  10  wt%.  Results  are  represented  in  table  5. 

Table  5 

Conditions  of  experiment  KAcm3/min*g  Degree  of  conversion,  %  Increase,  % 

45  OM  AMS  HA  CC  2-MBF 

Mordenite  75  100  99  98  93  5 

HY  55  96  85  54  89  3 
50  HX  35  78  61  45  98  -3  

MFI  70  96  95  91  87  -5  

FERRIERITE  40  82  67  50  95  -20 
55 

6 
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Example  10 

(comparative,  overcome  the  upper  limit  of  space  velocity) 
The  experiment  was  conducted  the  same  way  as  described  in  Examples  2  and  4  but  space  velocity  was 

5  8  hr1.  The  phenol  composition  before  purification  was  the  following:  3  ppm  acetone,  30  ppm  OM,  1396  ppm 
AMS  and  82  ppm  2-MBF.  After  purification  phenol  contained  the  following: 

a)  temperature  140°C 
16  ppm  OM  (the  degree  of  conversion  was  47%) 
1  7  ppm  AMS  (the  degree  of  conversion  was  99%) 

10  60  ppm  2-MBF  (the  degree  of  conversion  was  27%) 
b)  1  3  ppm  OM  (the  degree  of  conversion  was  53%) 
21  ppm  AMS  (the  degree  of  conversion  was  98%) 
49  ppm  2-MBF  (the  degree  of  conversion  was  40%) 

15  Example  11 

(comparative,  catalyst  contains  50%  silicon  oxide,  42%  aluminum  oxide,  and  2  %  sodium  oxide.  Content 
of  the  rest  of  the  components  matches  the  catalyst  in  Example  1) 

Conditions  of  the  example  1,  2,  3,  4.  Phenol  composition  -  96  ppm  OM,  80  ppm  AMS,  241  ppm  2-MBF, 
20  100  ppm  HA,  53  ppm  CP.  The  results  of  purification  are  shown  in  table  6. 

Table  6 

Conditions  of  experiment  Degree  of  conversion,  %  Increase,  % 

OM  AMS  HA  CC  2-MBF 

Example  1  43  96  90  90  96 

Example  2  39  97  85  89  87 

Example  3  44  98  80  89  101 

Example  4  36  96  85  87  85 

Example  12 

(comparative,  overcome  the  upper  temperature  limit) 
The  experiment  was  conducted  the  same  way  as  described  in  Examples  1  and  2  but  temperature  was 

300°C.  Phenol  composition  before  purification  was  the  following:  21  ppm  acetone,  46  ppm  OM,  142  ppm  AMS 
and  218  ppm  2-MBF. 

The  following  was  found  in  phenol  after  purification: 
a)  space  velocity  -0.3  (hr1) 
3  ppm  OM  (the  degree  of  conversion  was  94%) 
4  ppm  AMS  (the  degree  of  conversion  was  97%) 
391  ppm  2-MBF  (increase  57%) 
b)  space  velocity  -3.5  (hr1) 
4  ppm  OM  (the  degree  of  conversion  was  91%) 
5  ppm  AMS  (the  degree  of  conversion  was  96%) 
391  ppm  2-MBF  (increase  79%) 
The  example  shows  that  there  are  no  significant  advantages  in  conducting  the  process  at  high  tempera- 

tures,  but  energy  requirements  increase.  GC  analysis  showed  the  presence  of  products  of  high  condensation 
in  amount  »2000  ppm.  At  140-  200°C  the  said  products  were  not  formed.  This  will  probably  lead  to  slight  phenol 
losses. 

7 
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Claims 

1.  A  method  for  purification  of  phenol  from  organic  microimpurities  which  is  characterized  by  the  fact  that, 
in  order  to  increase  activity,  to  increase  catalyst  life  and  to  have  a  possibility  of  regeneration,  the  phenol 
contacts  a  heterogeneous  crystalline  catalyst  under  atmospheric  pressure  or  a  pressure  which  matches 
the  pressure  of  the  liquid  phenol  and  an  elevated  temperature  is  employed. 

2.  The  method  of  claim  1  wherein  a  zeolite  is  the  catalyst. 

3.  The  method  of  claim  2  wherein  the  acidity  of  the  zeolite  catalyst  measured  in  reaction  of  butane  cracking 
is  more  than  10  (KAcm3/g*min>10). 

4.  The  method  of  claim  2  wherein  the  zeolite  catalyst  is  selected  from  the  group  consisting  of  types  of  zeolite 
X,  Y,  mordenite,  BETA,  MFI,  FERRIERITE. 

5.  The  method  of  claim  2  wherein  the  content  of  Na,  K  and  other  alkaline  agents  in  the  catalyst  on  the  basis 
of  their  oxides  does  not  exceed  2  wt%. 

6.  The  method  of  claim  2  wherein  rare-earth  elements  are  present  in  an  amount  of  from  0  to  5  wt%. 

7.  The  method  of  claim  2  wherein  the  zeolite  concentration  in  the  catalyst  is  from  5  to  100  wt%. 

8.  The  method  of  claim  2  wherein  the  size  of  catalyst  pores  is  more  than  4A°  in  diameter. 

9.  The  method  of  claim  1  wherein  the  degree  of  purification  from  unsaturated  compounds  is  not  less  than 
90%. 

10.  The  method  of  claim  1  wherein  purification  from  2-methylbenzofurane  at  space  velocities  of  more  than 
0.8  hr1  increases  the  2-methylbenzofurane  amount  to  a  level  which  can  be  easily  removed  from  phenol 
by  distillation,  and  at  space  velocities  of  less  than  0.8  hr1  and  temperatures  of  more  than  200°C  decreases 
the  2-methylbenzofurane  amount  to  not  more  than  50%. 

11.  The  method  of  claim  1  wherein  the  process  is  conducted  at  a  temperature  of  from  120  to  250°C. 

12.  The  method  of  claim  1  wherein  the  process  is  conducted  at  space  velocities  of  0.1-3.5  hr1. 

13.  The  method  of  claim  1  wherein  the  process  is  conducted  at  a  water  content  in  phenol  not  more  than  1 
wt%. 

14.  The  method  of  claim  1  wherein  the  catalyst  is  contacted  at  a  pressure  of  from  1  to  10  atmospheres  in 
which  the  phenol  and  impurities  contained  in  it  are  in  the  liquid  phase. 
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