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Description 

BACKGROUND  OF  THE  INVENTION 

5  This  invention  relates  to  the  manufacture  of  anhydrous  alkali  dithionites  (hydrosulfites)  by  reacting  an  al- 
kaline  formate,  an  alkali  metal  agent,  and  sulfur  dioxide  in  an  alcohol/water  solvent.  It  particularly  relates  to 
improving  this  process  by  producing  a  dust-free  product. 

In  the  process  for  the  manufacture  of  alkali  metal  dithionites  from  an  alkali  metal  salt  of  formic  acid,  an 
alkali  metal  hydroxide,  carbonate  or  bicarbonate,  and  sulfur  dioxide,  the  product  precipitates  in  an  alcohol/water 

10  solution.  Upon  completion  of  the  dithionite  reaction,  the  product  is  separated  from  the  reaction  filtrate,  also 
termed  the  mother  liquor,  by  filtration.  The  filter  cake  is  washed  with  alcohol  to  remove  the  adhering  filtrate, 
and  the  product  is  dried.  The  alcohol  in  both  the  filtrate  and  the  wash  alcohol  is  purified  for  re-use  by  distillation. 

It  is  well  known  in  the  manufacture  of  dithionites  that  a  portion  of  the  dithionite  product  decomposes  during 
the  course  of  the  reaction  to  form  thiosulfate.  Furthermore,  this  decomposition  is  autocatalytic  with  respect 

15  to  thiosulfate;  as  the  concentration  of  thiosulfate  increases,  so  does  its  rate  of  formation. 
It  is  also  known  that  certain  organic  compounds  are  capable  of  reacting  with  or  complexing  thiosulfates. 

For  example,  U.S.  Patent  4,622,21  6  describes  a  method  in  which  certain  organic  compounds  are  added  during 
the  course  of  producing  dithionites  to  react  with  thiosulfate  and  thus  minimize  the  decomposition  reaction. 
These  thiosulfate-reactive  compounds  include  epoxy  compounds  such  as  ethylene  oxide,  propylene  oxide,  bu- 

20  tyl  and  isobutyl  oxide,  epichlorohydrin,  and  epibromohydrin  as  well  as  halogenated  hydrocarbons  of  the  general 
formula  RX  or  XRD,  where  Ris  an  alkyl  group  of  carbon  number  1  to  8,  or  an  allyl,  methallyl,  orethylallyl  group, 
and  X  is  a  halogen. 

When  such  thiosulfate-reactive  compounds  are  added  to  a  batch  reactor,  they  destroy  thiosulfate  ions  as 
they  are  being  formed  within  the  reaction  vessel  and  minimize  destruction  of  the  sodium  dithionite  product. 

25  The  yield  of  anhydrous  sodium  dithionite  is  thereby  increased.  The  disclosure  of  US-A-  4,622,216  is  herein 
incorporated  by  reference.  This  invention  relates  to  an  improvement  in  the  process  of  US-A-  4,622,216. 

When  sodium  hydrosulf  ite  (sodium  dithionite)  is  produced  from  sodium  formate,  sulfurdioxide  and  an  alkali 
method  compound  such  as  sodium  hydroxide,  the  resulting  dry  product  is  obtained  in  high  yield  with  a  good 
purity  and  with  excellent  throughput  and  productivity.  The  product  sodium  hydrosulf  ite  does  contain,  however, 

30  a  variable  quantity  of  small  particles  described  as  dust.  While  sodium  hydrosulf  ite  is  not  toxic,  the  dust  is  irri- 
tating  and  objectionable  to  those  handling  the  material  both  at  the  manufacturing  end  and  the  user  end.  Acer- 
tain  amount  of  dust  is  typical  of  all  sodium  hydrosulf  ite  made  via  any  of  the  many  sodium  formate  based  proc- 
esses  as  reported  in  the  patent  literature.  (US-A-  3411875,  4126716,  4081521,  3917807,  3714340,  3897544, 
4017593,  3826818,  3947559.)  Microscopic  examination  of  the  sodium  hydrosulfite  particles  reveals  that,  rath- 

35  erthan  being  single  crystals,  they  are  agglomerates  of  a  large  number  of  much  smaller,  needle-like,  individual 
crystals.  Because  of  this  configuration,  the  particles  are  relatively  fragile.  The  many  needle-like  protrusions 
from  the  central  mass  are  easily  broken  off,  creating  dust.  The  various  manufacturing  steps  of  filtering,  drying, 
blending,  conveying  and  packaging  are  performed  in  as  gentle  a  manner  as  possible,  yet  result  in  a  quantity 
of  dust  in  the  final  packaged  product  that  is  somewhat  variable,  batch-to-batch. 

40  No  instrumental  method  of  testing  for  "dustiness"  has  been  found  that  correlates  well  with  the  "dustiness" 
perceived  by  a  person  handling  the  material.  As  a  result,  a  means  of  quantifying  the  perceived  dust  has  been 
devised  and  is  described  as  follows: 

1.  Four  standards  varying  from  very  little  dust  (No.  1)  to  very  dusty  (No.  4)  were  prepared  and  placed  in 
glass  jars  with  ample  head  space  so  that  on  inversion  of  the  jar  the  suspended  dust  could  be  observed. 

45  2.  An  identical  quantity  in  an  identical  jar  of  a  sample  to  be  tested  could  then  be  inverted  simultaneous 
with  the  various  standards  so  that  the  perceived  dust  could  be  compared.  In  this  way  the  sample  could 
be  rated  on  a  numerical  scale  of  from  No.  1  to  No.  4. 
Both  pilot  plant  and  plant  production  batches  are  generally  rated  in  the  No.  2  to  No.  4  dust  categories,  with 

a  far  lesser  number  of  batches  falling  in  the  No.  1  category. 
50  it  has  been  found  that  the  crystal  habit  of  the  product  sodium  dithionite  is  substantially  modified  by  the 

addition  of  certain  water  soluble  polymers  to  the  reactor  in  which  the  sodium  hydrosulfite  is  synthesized  and 
crystallized.  This  crystal  habit  modification  is  such  that  the  normally  needle-like  individual  crystals  become 
more-or-less  cubical,  and  of  a  much  larger  size.  Single  crystals  are  still  in  the  minority,  but  the  bulk  of  the  par- 
ticles  consist  of  a  relatively  small  number  of  cubical  crystals  firmly  bonded  together.  The  resulting  product  is 

55  physically  robust,  and  much  less  subject  to  mechanical  attrition  than  the  sodium  hydrosulfite  produced  in  the 
absence  of  the  polymer.  As  a  result,  dust  in  the  final  product  is  minimal  or  non-existent;  all  products  are  rated 
as  No.  1  or  better  with  respect  to  dust. 

While  this  discovery  is  unique  to  the  manufacture  of  sodium  dithionite  via  the  formate  process,  it  is  not 
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without  precedent.  Crystal  habit  modification  owing  to  the  addition  of  small  quantities  of  a  wide  variety  of  sub- 
stances  to  the  mother  liquor  from  which  the  crystals  derive  has  long  been  known  and  practiced.  There  is  a 
large  body  of  literature  -  textbooks,  journal  articles,  patents,  and  trade  brochures  -  describing  the  results  of 

5  such  additions,  but  none  shed  light  on  why  the  phenomenon  exists,  nor  give  guidance  towards  selecting  a  ma- 
terial  which  will  produce  the  desired  result.  The  closest  chemical  to  sodium  hydrosulfite  found  in  any  of  the 
literature  is  zinc  dithionite  crystallized  via  an  evaporative  process.  US-A-  3,197,289  describes  the  use  of  a  poly- 
acrylamide  of  molecular  weight  400,000  to  5,000,000,  or  gum  resins  of  molecular  weight  300,000  to  9,000,000, 
or  nonionic  polymers  of  ethers  of  cellulose  of  molecular  weight  500,000  to  4,000,000  to  alter  the  crystals  of 

10  zinc  dithionite.  These  polymers  must  be  used  in  conjunction  with  glycerine  and  via  a  procedure  specific  to  the 
production  of  zinc  dithionite.  None  of  the  mentioned  polymers  were  found  to  be  of  any  benefit  in  reducing  the 
dustiness  of  sodium  dithionite.  Not  only  does  the  crystal  form  of  sodium  dithionite  differ  from  that  of  zinc  hy- 
drosulfite,  but  the  conditions  of  crystallization  in  the  respective  manufacturing  processes  are  so  totally  different 
that  it  would  not  be  expected  that  crystal  habit  modifiers  effective  for  the  one  would  be  effective  for  the  other. 

15  Various  classes  of  compounds,  other  than  polymers,  suggested  in  the  literature  as  being  effective  in  spe- 
cific  cases  were  tested.  These  classes  included  surfactants,  dispersants  and  salts  other  than  sodium  hydro- 
sulfite.  None  shown  any  benefit. 

Of  all  the  water  soluble  polymers  tested,  one  class,  acrylics,  showed  excellent  promise  in  both  modifying 
the  crystal  habit  and  reducing  the  dustiness  of  the  product.  By  acrylics  is  meant  the  polymers  of  acrylic  acid, 

20  acrylamide,  and  various  acrylates  and  methacrylates.  In  this  class  of  polymers,  those  of  molecular  weight 
greater  than  about  200,000  are  of  no  benefit.  The  greatest  benefit  is  derived  from  those  acrylic  polymers  of 
molecular  weight  less  than  about  60,000. 

In  using  these  acrylic  polymers  in  the  pilot  plant,  it  was  further  discovered  that  the  results  achieved  in 
reducing  the  dustiness  of  the  product  sodium  hydrosulfite  could  be  further  improved  by  modification  of  the 

25  standard  batch  operating  procedure.  There  are  three  major  raw  material  streams  to  be  fed  to  the  sodium  hy- 
drosulfite  synthesis  reactor.  These  are  a  methanol  solution  of  sulfur  dioxide,  a  water  solution  of  sodium  hy- 
droxide  or  other  alkali,  and  a  water  solution  of  sodium  formate.  Past  practice  has  been  to  start  the  sodium  for- 
mate  stream  first,  followed  by  a  simultaneous  start  of  the  sodium  hydroxide  and  sulfur  dioxide  streams.  More 
consistently  low  dust  values  were  achieved,  however,  when  the  sodium  formate  and  sulfur  dioxide  streams 

30  were  first  started  simultaneously,  followed  by  initiation  of  the  sodium  hydroxide  feed,  or  when  the  sodium  for- 
mate  stream  was  started  first,  followed  sequentially  by  first  the  sulfur  dioxide  stream,  then  the  sodium  hydrox- 
ide  stream.  Either  of  these  modes  of  operation  produce  temporarily  a  more  acid  condition  within  the  reactor. 
It  is  believed  that  this  greater  acidity  delays  nucleation  to  some  extent,  and  enables  an  essentially  perfect  re- 
peatability  from  batch  to  batch  in  yielding  a  dustless  sodium  hydrosulfite  product. 

35  When  this  procedural  change  is  involved  without  using  one  of  the  water  soluble  acrylic  polymers,  little  or 
no  benefit  accrues  to  the  product  dust.  Using  an  acrylic  polymer  without  the  procedural  change  results  always 
in  an  improved  dust  number  for  the  product,  but  the  improvement  is  somewhat  variable.  The  combination  of 
the  two,  procedural  change  and  addition  of  an  acrylic  polymer,  results  always  in  an  essentially  dust-free  prod- 
uct. 

40  The  minimum  quantity  of  the  water  soluble  acrylic  polymer  that  has  been  found  necessary  to  achieve  op- 
timum  results  is  50  ppm  based  on  the  entire  contents  of  the  sodium  dithionite  synthesis  reactor  at  the  com- 
pletion  of  a  batch.  Up  to  200  ppm  gives  equally  good  results.  Quantities  less  than  50  ppm  are  definitely  of  ben- 
efit,  but  the  dustiness  of  the  product  increases  as  the  concentration  of  polymer  decreases  below  50  ppm.  The 
preferred  concentration  range  is  50  to  200  ppm.  Quantities  in  excess  of  200  ppm  may,  of  course,  be  used,  but 

45  no  additional  benefit  accrues  to  using  this  excessive  amount,  and  there  is  an  economic  penalty. 

SUMMARY  OF  THE  INVENTION 

It  is  accordingly  an  object  of  this  invention  to  provide  a  method  for  producing  dust-free  sodium  dithionite 
so  via  the  formate  process. 

It  is  another  object  to  modify  the  crystal  habit  of  the  product  sodium  dithionite  such  that  the  resulting  par- 
ticles  are  physically  robust  and  will  not  suffer  attrition  owing  to  various  handling  operations. 

It  is  anot  her  object  to  accompl  ish  t  he  above  objectives  wit  hout  detriment  to  t  he  yield  or  assay  of  t  he  product 
sodium  dithionite. 

55  in  accordance  with  these  objects  and  the  principles  of  this  invention,  it  has  been  discovered  that  the  ad- 
dition  of  a  water  soluble  acrylic  polymer  to  the  reactor  prior  to  commencing  the  reaction  will  accomplish  the 
objectives. 

The  invention  provides  a  process  for  producing  sodium  dithionite  of  enhanced  dust  value  from  the  reaction 
of  sulfur  dioxide,  sodium  formate,  sodium  hydroxide  or  carbonate  and  a  thiosulfate-reactive  material  in  the  pres- 

3 
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ence  of  water  and  organic  solvent  in  a  reactor,  characterized  by  initially  adding  to  the  reactor  at  least  50  ppm 
based  on  total  reactor  contents  of  a  water  soluble  acrylic  polymer  having  a  molecular  weight  less  than  60,000 
and  starting  the  sodium  hydroxide  or  sodium  carbonate  feed  stream  afterthe  sodium  formate  and  sulfurdioxide 

5  feed  streams  have  been  started. 
The  water  soluble  acrylic  polymer  may  be  of  acrylic  acid,  methacrylic  acid,  sodium  methacrylate,  acryla- 

mide,  various  acrylates  or  various  methacrylates.  The  molecular  weight  of  the  selected  polymer  is  less  than 
60,000  and  preferably  from  5000  to  40,000.  The  quantity  of  polymer  to  be  used  is  preferably  in  the  range  of 
50  ppm  to  200  ppm  based  on  the  total  weight  of  material  within  the  reactor  at  the  conclusion  of  a  batch. 

10  It  has  further  been  discovered  that  a  modification  of  the  standard  batch  operating  procedure  enhances 
the  results  achieved  through  use  of  the  water  soluble  acrylic  polymer.  The  modification  consists  of  starting 
the  sodium  formate  and  sulfur  dioxide  feed  streams  first  and  simultaneously,  followed  by  start  of  the  sodium 
hydroxide  feed  stream,  or  starting  the  sodium  formate  feed  first,  followed  sequentially  by  the  sulfur  dioxide 
feed,  then  the  sodium  hydroxide  feed,  as  compared  to  the  previous  practice  of  starting  the  sodium  formate 

15  feed  stream  first  followed  later  by  the  simultaneous  start  of  the  sulfur  dioxide  and  sodium  hydroxide  feed 
streams.  The  enhancement  of  the  results  achieved  is  that  each  and  every  batch  will  give  optimal  performance 
with  the  procedural  modification  as  opposed  to  always  good,  but  somewhat  variable  performance  without  the 
procedural  modification. 

20  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

As  a  basis  for  comparison,  dust  number  evaluations  for  products  from  each  of  the  two  commercial  plants 
which  operate  in  the  conventional  mode  were  gathered.  In  addition,  dust  number  evaluations  for  products  from 
the  pilot  plant  operated  in  both  the  conventional  mode  and  using  the  modified  operational  procedure  were  gath- 

25  ered.  These  data  are  listed  in  Table  I  as  Examples  1,  2,  3  and  4  respectively.  Examples  5  through  15  in  Table 
I  demonstrate  the  preferred  embodiment  of  the  invention  as  used  in  the  pilot  plant,  while  Example  16  shows 
the  preferred  embodiment  as  used  in  the  plant.  Each  of  these  examples  shows  the  results  achieved  in  reducing 
the  dustiness  of  the  product  sodium  dithionite  through  addition  of  an  acrylic  polymer  to  the  synthesis  reactor 
along  with  first  starting  the  sodium  formate  feed  stream,  next  starting  the  sulfur  dioxide  feed  stream,  followed 

30  by  start  of  the  sodium  hydroxide  feed  stream,  or  by  simultaneous  start  of  the  sodium  formate  and  sulfur  dioxide 
streams  followed  by  start  of  the  sodium  hydroxide  feed.  In  each  of  the  examples  where  polymer  was  used, 
the  polymer,  as  a  20%  solution  in  water,  was  added  to  the  methanol  charged  to  the  synthesis  reactor  prior  to 
commencing  flow  of  the  various  raw  material  feed  streams.  The  quantity  of  20%  polymer  solution  was  that  re- 
quired  to  yield  the  desired  concentration  of  polymer  based  on  the  total  contents  of  the  reactor  at  the  conclusion 

35  of  the  batch.  Example  1  7  demonstrates  the  somewhat  erratic  results  achieved  with  the  conventional  operating 
procedure.  The  dust  number  reported,  1.3,  is  the  average  of  seven  individual  batches  of  dust  number  1.0,  1.5, 
1.0,2.0,,  1.5,  1.0,  1.0. 
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50 
Identify  of  Polymers  Used  In  Examples  5-17 

#5,  #6,  #7,  #16,  #17  American  Cyanamid  Co.,  Cyanamer  P-35. 
#8  Celanese  Corp.  ,  Celcatex  5501  -A 

55  #9  Colloids  Inc.,  Colloid  142 
#10  Celanese  Corp.,  Celcatex  5007-A 
#11  Colloids  Inc.,  Colloid  117 
#12  Colloids  Inc.,  Colloid  239 
#13  Celanese  Corp.,  Celcatex  3540-N 
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#14  Colloids  Inc.,  Colloid  202 
#15  American  Cyanamid  Co.,  Cyanamer  A-370 

It  is  to  be  noted  that,  many  water-soluble  polymers  were  tried  and  the  following  table  is  a  list  of  those  which 
5  are  not  effective  in  producing  a  dust-free  product. 

List  of  Polymers  That  Are  Not  Effective 

Separan  NP-10,  Dow  Chemical  Co. 
w  Polyacrylamide,  M.W.  1,500,000 

Cyanamer  P-250,  American  Cyanamid  Co.. 
Polyacrylamide,  M.W.  5,000,000 

Percol  726,  Allied  Colloids,  Inc. 
Polyacrylamide,  M.W.  11,000,000 

15  Cyanamer  P-21  ,  American  Cyanamid  Co. 
Acrylamide  Co-Polymer,  M.W.  200,000 

Cellosize  QP-3L,  Union  Carbide  Corp. 
Hydroxyethyl  cellulose,  M.W.  100,000 

Cellosize  QP-4400H,  Union  Carbide  Corp. 
20  Hydroxyethyl  cellulose,  M.W.  650,000 

Polyox  N-10,  Union  Carbide  Corp. 
Polyethylene  oxide,  MW.  100,000 

List  of  Polymers  That  Are  Not  Effective  (continued) 
25 

Polyox  303,  Union  Carbide  Corp. 
Polyethylene  oxide,  M.W.  7,000,000 

Mirapol  WT,  Miranol  Chemical  Co.,  Inc. 
Ureylene  Quaternary  Ammonium,  M.W.  2,200 

30  Corcat  P-12,  Cordova  Chemical  Co. 
Polyethylene  imine,  M.W.  1,200 

Corcat  P-18,  Cordova  Chemical  Co. 
Polyethylene  imine,  M.W.  1,800 

Corcat  P-150,  Cordova  Chemical  Co. 
35  Polyethylene  imine,  M.W.  10,000 

Corcat  P-600,  Cordova  Chemical  Co. 
Polyethylene  imine,  M.W.  60,000 

XA-1010,  Cordova  Chemical  Co. 
Polyethylene  imine,  M.W.  600 

40  XA-1007,  Cordova  Chemical  Co.,  Polyethylene  imine,  MW.  300 
Dequest  2000  ,  Monsanto  Chemical  Co. 

Aminotri  (methylenephosphonic  acid),  M.W.  299 
Dequest  2010  ,  Monsanto  Chemical  Co. 

1-Hydroxyethylidene-1,  1-diphosphonic  acid,  M.W.  206 
45  Dequest  2060  ,  Monsanto  Chemical  Co. 

Diethylenetriaminepenta-(methylenephosphonic  acid), 
M.W.  573 

Belperse  161,  Ciba-Geigy  Corp. 
Polyphosphinopropenoioc  acid,  M.W.  ? 

so  Belclene  200,  Ciby-Geigy  Corp. 
Polymaleic  acid,  M.W.  500-1,000 

Belclene  400,  Ciba-Geigy  Corp. 
Acrylamidosulfonic  acid  co-polymer,  M.W.  5,000 

The  following  procedures  illustrate  a  conventional  Pilot  Plant  operation,  a  modified  Pilot  Plant  operation 
55  where  the  order  of  feeds  is  changed,  a  conventional  plant  operation  and  a  modified  plant  operation  where  the 

order  of  feed  is  changed. 
Please  note  that  the  main  difference  between  the  Pilot  Plant  and  the  commercial  operation  is  that  the 

caustic  is  mixed  with  some  sodium  formate  in  the  Pilot  Plant  while  they  are  fed  as  separate  streams  in  com- 
mercial  operation. 

6 
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Conventional  Pilot  Plant  Operation  Procedure 

To  a  378.5  t  (100-gallon)  reactor,  68  kg  (150  pounds)  of  distilled  recovered  methanol  containing  methyl 
5  formate  and  sulfur  dioxide  was  added  as  a  first  feed.  Next,  as  a  second  feed,  2.27  kg  (5  pounds)  of  96%  sodium 

formate  dissolved  in  1.81  kg  (4  pounds)  of  water  were  added  to  the  reactor.  The  reactor  contents  were  heated 
to  50°C  with  agitation.  At  this  temperature,  a  third  feed,  consisting  of  140.6  kg  (31  0  pounds)  of  distilled  recov- 
ered  methanol,  of  the  same  composition  as  the  first  feed  and  containing  sulfur  dioxide  of  a  quantity  such  that 
in  the  first  and  third  feeds  there  would  be  a  total  of  91  .2  kg  (201  pounds)  of  sulfur  dioxide,  began  to  be  fed  to 

10  the  reactor.  The  feed  rate  was  controlled  so  that  80%  of  its  total  amount  was  fed  to  the  reactor  in  65  minutes. 
The  fourth  feed  consisted  of  57.6  kg  (127  pounds)  of  96%  sodium  formate,  47.2  kg  (104  pounds)  of  water,  and 
30.4  kg  (67  pounds)  of  99%  sodium  hydroxide.  The  fourth  feed  was  started  simultaneous  with  the  third  feed, 
and  its  feed  rate  was  controlled  so  that  it  was  fed  in  its  entirety  in  65  minutes.  Afifthfeed  of  1.5  kg  (3.3  pounds) 
of  pure  ethylene  oxide  was  started  simultaneously  with  the  fourth  feed.  Its  feed  rate  was  controlled  so  that  it 

15  was  fed  in  its  entirety  in  195  minutes. 
Owing  to  the  exothermic  nature  of  the  reaction,  the  mixture  self-heated  to  84°C  over  a  15-minute  period. 

Temperature  control  was  then  initiated  to  maintain  84°C  throughout  the  course  of  the  reaction.  Owing  to  the 
evolution  of  carbon  dioxide,  the  reactor  pressure  increased  to  377125  Pa  (40  psig)  during  this  15-minute  period, 
and  pressure  control  was  then  initiated  to  maintain  377125  Pa  (40  psig)  throughout  the  course  of  the  reaction. 

20  The  vented  carbon  dioxide  left  the  reactor  through  condensers  and  a  scrubber  which  was  fed  at  a  rate  of 
0.154  kg/minute  (0.34  pounds/minute)  with  essentially  pure  recovered  methanol.  When  the  fourth  feed  ter- 
minated,  the  rate  of  feed  of  the  third  feed  was  reduced  so  that  the  remaining  20%  was  fed  over  an  additional 
65  minutes.  At  the  conclusion  of  this  feed,  an  additional  65-minute  period  was  allowed  for  the  reaction  to  go 
to  completion,  at  which  time  the  ethylene  oxide  feed  ended.  The  reactor  contents  were  cooled  to  73°C  and 

25  were  discharged  to  a  filtering  apparatus  wherein  the  mother  liquor  was  separated  from  the  crude  product  which 
was  then  washed  with  1  90  pounds  of  essentially  pure  recovered  methanol.  The  filter  cake  was  vacuum  dried 
to  yield  the  anhydrous  product. 

Modified  Pilot  Plant  Operation 
30 

Procedure  Using  Polymer 

To  a  378.5  t  (100-gallon)  reactor,  68  kg  (150  pounds)  of  distilled  recovered  methanol  containing  methyl 
formate  and  sulfur  dioxide  was  added  as  a  first  feed.  To  this  was  added  the  appropriate  quantity  of  a  20%  water 

35  solution  of  the  polymer.  Next,  as  a  second  feed,  2.27  kg  (5  pounds)  of  96%  sodium  formate  dissolved  in  1.81 
kg  (4  pounds)  of  water  was  added  to  the  reactor.  The  reactor  contents  were  heated  to  50°C  with  agitation.  At 
this  temperature,  a  third  feed,  consisting  of  140.6  kg  (310  pounds)  of  distilled  recovered  methanol,  of  the  same 
composition  as  the  first  feed  and  containing  sulfur  dioxide  of  a  quantity  such  that  in  the  first  and  third  feeds 
there  would  be  a  total  of  91  .2  kg  (201  pounds)  of  sulfur  dioxide,began  to  be  fed  to  the  reactor.  The  feed  rate 

40  was  controlled  so  that  80%  of  its  total  amount  was  fed  to  the  reactor  in  67.6  minutes.  The  fourth  feed  consisted 
of  57.6  kg  (127  pounds)  of  96%  sodium  formate,  47.2  kg  (104  pounds)  of  water,  and  30.4  kg  (67  pounds)  of 
99%  sodium  hydroxide.  The  fourth  feed  was  started  2.6  minutes  after  the  third  feed,  and  its  feed  rate  was  con- 
trolled  so  that  it  was  fed  in  its  entirety  in  65  minutes.  A  fifth  feed  of  1.5  kg  (3.3  pounds)  of  pure  ethylene  oxide 
was  started  simultaneously  with  the  fourth  feed.  Its  feed  rate  was  controlled  so  that  it  was  fed  in  its  entirety 

45  in  195  minutes. 
Owing  to  the  exothermic  nature  of  the  reaction,  the  mixture  self-heated  to  84°C  over  a  15-minute  period. 

Temperature  control  was  then  initiated  to  maintain  84°C  throughout  the  course  of  the  reaction.  Owing  to  the 
evolution  of  carbon  dioxide,  the  reactor  pressure  increased  to  377125  Pa  (40  psig)  during  this  15-minute  period, 
and  pressure  control  was  then  initiated  to  maintain  377125  Pa  (40  psig)  throughout  the  course  of  the  reaction. 

so  The  vented  carbon  dioxide  left  the  reactor  through  condensers  and  a  scrubber  which  was  fed  at  a  rate  of 
0.154  kg/minute  (0.34  pounds/minute)  with  essentially  pure  recovered  methanol.  When  the  fourth  feed  ter- 
minated,  the  rate  of  feed  of  the  third  feed  was  reduced  so  that  the  remaining  20%  was  fed  over  an  additional 
65  minutes.  At  the  conclusion  of  this  feed,  an  additional  65-minute  period  was  allowed  for  the  reaction  to  go 
to  completion,  at  which  time  the  ethylene  oxide  feed  ended.  The  reactor  contents  were  cooled  to  73°C  and 

55  were  discharged  to  a  filtering  apparatus  wherein  the  mother  liquor  was  separated  from  the  crude  product  which 
was  then  washed  with  86.2  kg  (190  pounds)  of  essentially  pure  recovered  methanol.  The  filter  cake  was  va- 
cuum  dried  to  yield  the  anhydrous  product. 

7 
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Plant  Conventional  Operation  Procedure 

An  initial  charge  of  3785  t  (1000  gallons)  of  distilled  recovered  methanol  was  placed  in  the  synthesis  re- 
5  actor  and  heated  to  50°C  with  agitation.  Three  major  raw  material  streams  were  to  be  fed  to  the  reactor:  2576 

kg  (5680  lb)  of  sodium  formate  as  a  60%  solution  in  water,  3933  kg  (8670  lb)  of  sulfur  dioxide  as  a  43%  solution 
in  methanol,  and  1256  kg  (2770  lb)  of  sodium  hydroxide  as  a  73%  solution  in  water.  The  sodium  formate  feed 
was  started  first  with  the  feed  rate  adjusted  to  feed  the  entire  quantity  in  68  minutes.  After  three  minutes  the 
sulfur  dioxide  and  sodium  hydroxide  feeds  were  started.  The  sodium  hydroxide  rate  was  controlled  to  feed  the 

10  entire  batch  quantity  in  65  minutes,  ending  simultaneous  with  the  sodium  formate  feed.  The  sulfur  dioxide  feed 
rate  was  controlled  to  feed  only  80%  of  the  batch  total  in  65  minutes.  Ethylene  oxide  was  also  added  to  the 
reactor  to  control  decomposition.  The  total  quantity  was  54.4  kg  (120  lb),  fed  at  a  rate  controlled  to  complete 
this  feed  in  195  minutes. 

Owing  to  the  exothermic  nature  of  the  reaction,  the  mixture  self-heated  to  84°C  over  a  15-minute  period. 
15  Temperature  control  was  then  initiated  to  maintain  84°C  throughout  the  course  of  the  reaction.  Owing  to  the 

evolution  of  carbon  dioxide,  the  reactor  pressure  increased  to  377125  Pa  (40  psig)  during  this  15-minute  period, 
and  pressure  control  was  then  initiated  to  maintain  377125  Pa  (40  psig)  throughout  the  course  of  the  reaction. 

The  vented  carbon  dioxide  left  the  reactor  through  condensers  and  a  scrubber  which  was  fed  at  a  rate  of 
5.68  l/minute  (1.5  gallons/minute)  with  essentially  pure  recovered  methanol.  At  the  end  of  65  minutes,  the  rate 

20  of  feed  of  the  sulfur  dioxide  solution  was  reduced  so  that  the  remaining  20%  was  fed  over  an  additional  65 
minutes.  At  the  conclusion  of  this  feed,  an  additional  65-minute  period  was  allowed  for  the  reaction  to  go  to 
completion,  at  which  time  the  ethylene  oxide  feed  ended.  The  reactor  contents  were  cooled  to  73°C  and  were 
discharged  to  a  filtering  apparatus  wherein  the  mother  liquor  was  separated  from  the  crude  product  which  was 
then  washed  with  1200  gal  of  essentially  pure  recovered  methanol.  The  filter  cake  was  vacuum  dried  to  yield 

25  the  anhydrous  product. 

Plant  Modified  Operation  Procedure  Using  Polymer 

An  initial  charge  of  3785  t  (1000  gallons)  of  distilled  recovered  methanol  was  placed  in  the  synthesis  re- 
30  actor  and  heated  to  50°C  with  agitation.  To  this  was  added  the  appropriate  quantity  of  a  20%  water  solution 

of  the  polymer.  Three  major  raw  material  streams  were  to  be  fed  to  the  reactor:  2576  kg  (5680  lb)of  sodium 
formate  as  a  60%  solution  in  water,  3933  kg  (8670  lb)  of  sulfur  dioxide  as  a  43%  solution  in  methanol,  and 
1256  kg  (2770  lb)  of  sodium  hydroxide  as  a  73%  solution  in  water.  The  sodium  formate  and  sulfur  dioxide  feeds 
were  started  simultaneously,  with  the  sodium  formate  feed  rate  controlled  to  feed  the  entire  batch  amount  in 

35  67.6  min.,  and  the  feed  rate  of  the  sulfur  dioxide  controlled  to  feed  80%  of  the  batch  amount  also  in  67.6  min. 
After  2.6  min  the  sodium  hydroxide  feed  was  started  with  its  feed  rate  controlled  so  that  the  entire  batch  amount 
was  fed  in  65  min.,  ending  simultaneous  with  the  sodium  formate  feed.  Ethylene  oxide  was  also  added  to  the 
reactor  to  control  decomposition.  The  total  quantity  was  54.4  kg  (120  lb),  fed  at  a  rate  controlled  to  complete 
this  feed  in  195  min. 

40  Owing  to  the  exothermic  nature  of  the  reaction,  the  mixture  self-heated  to  84°C  over  a  1  5-minute  period. 
Temperature  control  was  then  initiated  to  maintain  84°C  throughout  the  course  of  the  reaction.  Owing  to  the 
evolution  of  carbon  dioxide,  the  reactor  pressure  increased  to  377125  Pa  (40  psig)  during  this  15-minute  period, 
and  pressure  control  was  then  initiated  to  maintain  377125  Pa  (40  psig)  throughout  the  course  of  action. 

The  vented  carbon  dioxide  left  the  reactor  through  condensers  and  a  scrubber  which  was  fed  at  a  rate  of 
45  5.68  f/minute  (1  .5  gallons/minute)  with  essentially  pure  recovered  methanol.  At  the  end  of  65  minutes,  the  rate 

of  feed  of  the  sulfur  dioxide  solution  was  reduced  so  that  the  remaining  20%  was  fed  over  an  additional  65 
minutes.  At  the  conclusion  of  this  feed,  an  additional  65-minute  period  was  allowed  for  the  reaction  to  go  to 
completion,  at  which  time  the  ethylene  oxide  feed  ended.  The  reactor  contents  were  cooled  to  73°C  and  were 
discharged  to  a  filtering  apparatus  wherein  the  mother  liquor  was  separated  from  the  crude  product  which  was 

so  then  washed  with  4542  1  (1200  gal)  of  essentially  pure  recovered  methanol.  The  filter  cake  was  vacuum  dried 
to  yield  the  anhydrous  product. 

Claims 
55 

1.  A  process  for  producing  sodium  dithionite  of  enhanced  dust  value  from  the  reaction  of  sulfur  dioxide,  so- 
dium  formate,  sodium  hydroxide  or  carbonate  and  a  thiosulfate-reactive  material  in  the  presence  of  water 
and  organic  solvent  in  a  reactor,  characterized  by  initially  adding  to  the  reactor  at  least  50  ppm  based  on 
total  reactor  contents  of  a  water  soluble  acrylic  polymer  having  a  molecular  weight  less  than  60,000  and 

8 



EP  0  410  585  B1 

starting  the  sodium  hydroxide  or  sodium  carbonate  feed  stream  after  the  sodium  formate  and  sulfur  di- 
oxide  feed  streams  have  been  started. 

2.  The  process  of  claim  1  wherein  the  water  soluble  polymer  has  a  molecular  weight  of  5,000  -  40,000. 

3.  The  process  of  claim  1  or  2  wherein  the  water  soluble  polymer  is  polyacrylamide,  polyacrylicacid,  sodium 
polymethacrylate  or  sodium  polyacrylate. 

4.  The  process  of  any  of  claims  1-3  wherein  the  organic  solvent  is  methanol. 

5.  The  process  of  any  of  claims  1-4  wherein  the  thiosulfate-reactive  compound  is  ethylene  oxide  or  propylene 
oxide. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Natriumdithionit  mit  einem  verbesserten  Staub-Wert  aus  der  Reaktion  von 
Schwefeldioxid,  Natriumformiat,  Natriumhydroxid  oder  -carbonat  und  einem  gegenuberThiosulfat  reakti- 
onsfahigen  Material  in  Gegenwart  von  Wasser  und  einem  organischen  Losungsmittel  in  einem  Reaktor, 
dadurch  gekennzeichnet,  dalizu  Beginn  in  den  Reaktor  50  ppm,  bezogen  auf  den  gesamten  Reaktor-ln- 
halt,  eines  wasserloslichen  Acryl-Polymers  mit  einem  Molekulargewicht  von  weniger  als  60  000  hinein- 
gegeben  werden  und  der  Strom  der  Natriumhydroxid-  oder  Natriumcarbonat-Zufuhr  begonnen  wird,  nach- 
dem  die  Strome  der  Natriumformiat-  und  Schwefeldioxid-Zufuhr  begonnen  worden  sind. 

2.  Verfahren  nach  Anspruch  1,  worin  das  wasserlosliche  Polymer  ein  Molekulargewicht  von  5  000  bis  40 
000  hat. 

3.  Verfahren  nach  Anspruch  1  oder2,  worin  das  wasserlosliche  Polymer  Polyacrylamid,  Polyacrylsaure,  Na- 
triumpolymethacrylat  oder  Natriumpolyacrylat  ist. 

4.  Verfahren  nach  irgendeinem  der  Anspruche  1  bis  3,  worin  das  organische  Losungsmittel  Methanol  ist. 

5.  Verfahren  nach  irgendeinem  der  Anspruche  1  bis  4,  worin  die  gegenuber  Thiosulfat  reaktionsfahige  Ver- 
bindung  Ethylenoxid  oder  Propylenoxid  ist. 

Revendications 

1.  Precede  de  production  de  dithionite  de  sodium  de  tres  bonne  qualite  en  ce  qui  concerne  I'absence  de 
poussiere,  par  reaction  d'anhydride  sulfureux,  de  formiate  de  sodium,  d'hydroxyde  ou  de  carbone  de  so- 
dium  et  d'une  matiere  reactive  vis-a-vis  d'un  thiosulfate  en  presence  d'eau  et  d'un  solvant  organique  dans 
un  reacteur,  caracterise  en  ce  qu'il  consiste  a  charger  initialement  dans  le  reacteur  au  moins  50  ppm,  sur 
la  base  du  contenu  total  du  reacteur,  d'un  polymere  acrylique  hydrosoluble  ayant  un  poids  moleculaire 
inferieur  a  60  000  et  a  faire  arriver  le  courant  de  charge  d'hydroxyde  de  sodium  ou  de  carbone  de  sodium 
apres  que  les  courants  de  charge  de  formiate  de  sodium  et  d'anhydride  sulfureux  ont  ete  mis  en  route. 

2.  Precede  suivant  la  revendication  1  ,  dans  lequel  le  polymere  hydrosoluble  a  un  poids  moleculaire  de  5000 
a  40  000. 

3.  Precede  suivant  la  revendication  1  ou  2,  dans  lequel  le  polymere  hydrosoluble  est  un  polyacrylamide,  un 
polyacide  acrylique,  un  polymethacrylate  de  sodium  ou  un  polyacrylate  de  sodium. 

4.  Precede  suivant  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  solvant  organique  est  le  me- 
thanol. 

5.  Precede  suivant  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  le  compose  reactif  vis-a-vis  d'un 
thiosulfate  est  I'oxyde  d'ethylene  ou  I'oxyde  de  propylene. 
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