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Description 

This  invention  deals  with  the  reduction  of  viscosities  of  aqueous  slurries  of  particulate  materials  and 
the  uniform  dispersion  of  particulate  materials  in  aqueous  systems. 

5  It  is  generally  known  that  particulate  materials  in  aqueous  slurries  have  a  tendency  to  agglomerate 
while  in  the  slurry  and  this  causes  the  slurry  to  become  thicker  and  in  some  cases  solidify  to  the  point 
where  the  slurry  becomes  a  paste  and  is  no  longer  pourable  or  pumpable.  Generally,  the  finer  the 
particulate  materials,  the  greater  is  the  tendency  for  them  to  agglomerate.  Aside  from  the  problems  of  high 
viscosity  caused  by  such  agglomeration,  there  are  the  problems  of  non-uniform  coatings  that  can  come 

w  about  because  the  particulate  material  is  not  uniformly  dispersed  in  the  aqueous  slurry. 
Thus,  it  is  advantageous  to  cause  fine  particulate  materials  to  be  uniformly  dispersed  in  the  aqueous 

slurry  and  one  of  the  most  common  methods  by  which  this  uniform  dispersion  can  be  brought  about  is  by 
simple  stirring  of  the  slurry.  For  those  aqueous  slurries  that  have  agglomerated  and  whose  particles  are 
more  reluctant  to  disperse,  one  can  use  more  severe  means  to  redisperse  them  such  as  high  shear  mixing 

75  on  suitable  machinery. 
More  recently,  however,  it  has  been  found  advantageous  to  use  dispersing  agents  to  allow  the 

particulate  material  to  uniformly  disperse  in  slurries  and  moreover,  to  allow  the  particulate  material  to 
remain  dispersed.  Such  materials  are  organic  dispersants,  for  example,  sodium  polyacrylates  sold  as  the 
Tamol®  line  of  products  by  the  Polymers,  Resins  and  Monomers  Division  of  Rohm  and  Haas  Co., 

20  Philadelphia,  PA.  USA.  These  materials  have  limitations  however,  in  that  they  are  not  efficient  on  slurries 
whose  solids  content  ranges  over  sixty  weight  percent. 

Other  dispersants  commonly  used  for  this  application  are  inorganic  polyanionic  compounds  such  as 
tetrasodium  pyrophosphate  but  these  materials  decompose  during  storage  over  long  periods  of  time. 

Yet  another  type  of  dispersing  agent  that  has  been  suggested  are  the  MS—  VTS  copolymers  (Maleic 
25  acid  anhydride-vinylalkoxysilane  copolymers)  as  disclosed  in  U.S.  Patent  4,267,093,  issued  May  12,  1981. 

These  materials,  however,  are  limited  to  their  use  with  inorganic  oxidic  particulate  materials  and,  their 
application  is  explained  as  being  useful  without  increasing  the  viscosities  of  the  suspensions  obtained. 
Nothing  is  set  forth  in  that  patent  to  suggest  that  those  materials  actually  reduce  the  viscosities  of  high 
viscosity,  high  solids  content,  aqueous  slurries. 

30  Further  suggested  materials  are  those  found  in  Russian  patent  907,000,  published  February  23,  1982, 
and  referenced  in  Author's  Certificate  USSR  Nr.  561721  (1975),  which  are  sodium  and  potassium  salts  of 
organosilicon  ethers  of  sulfosuccinic  acid  having  the  general  formula 

RO(CH2)3[  (CH3)2SiO]  (CH3)2Si (CH2)3OOCCH2CH-  
35  S03M 

COO  (CH2)  3  (CH3)  2Si[   (CH3)  2SiO]  Si  (CH2)  3OR 

wherein  R  is  hydrogen  or  CH3CO  —  and  M  is  sodium  or  potassium.  These  compounds  are  described  as 
40  being  insoluble  in  organic  solvents  which  limits  their  usefulness  as  surfactants.  The  Russian  patent 

specification  then  discloses  that  other  new  compounds,  similar  to  those  just  described,  which  are  trialkyl- 
benzylammonium  salts  of  bis(1,1,3,3-tetramethyl-1-propyl-3-oxy-propyldisiloxane)sulfosulfoxinates 
having  the  general  formula 

45 

50 

HO(CH2)  3  [  (CH3)  2SiO]  (CH3)  2Si  <CH2)  3OOCCH2CH- 
I  I2 
S03[NCH2C6H3] 

COO(CH2)3[  (CH3)2SiO]  (CH3)2Si(CH2)3OH,   R'  

are  also  useful  for  lowering  the  viscosity  of  organosilicon  compounds. 
There  is  also  disclosed  in  several  patents,  the  use  of  various  silanes  to  coat  particulate  materials.  Such 

patents  are  for  example  U.S.  Patent  4,177,317,  issued  December  4,  1979  and  U.S.  Patent  4,316,807,  issued 
55  February  23,  1982.  The  former  patent  deals  with  the  stabilization  of  chromium  (IV)  dioxide  using  silanes 

having  the  general  formula  RnSi(0R')4_n,  n-butyltrimethoxysilane  and  isobutyl-trimethoxysilane  are 
preferred.  The  process  includes  the  treatment  of  the  particulate  material  by  suspending  such  particulate 
material  in  an  alcoholic,  aqueous-alcoholic  or  aqueous  medium  containing  the  hydrolyzable  silane  and 
subsequently  drying  the  particulate  material  to  obtain  particles  coated  with  the  hydrolysis  product  of  the 

60  silane.  The  claim  is  that  these  treated  particles  do  not  lose  their  valuable  magnetic  properties.  The  latter 
patent  4,316,807,  deals  with  the  treatment  of  particulate  materials  using  higher  alkyi  containing 
hydrolyzable  silanes.  This  treatment  is  intended  to  increase  the  viscosity  of  the  aqueous  particulate  system. 

In  U.S.  Patent  4,369,265,  there  is  shown  the  use  of  an  organo-silicone  polymer  to  coat  finely  divided 
solids,  such  as  pigments,  to  make  them  readily  dispersible.  An  example  of  an  organo-silicone  polymer 

65  useful  therein  is 

2 
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H3)0.67^6ns/l.0OH'-'U18n37)0.71^^n3;0.04'-'0.79- 

ie  inventors  claim  that  such  a  treatment  coats  ine  panicies  dim  y  i  vCO  yuUU  ,   ̂ •  wk  =>■ 

)IUAmrtnerSU.S.  Patent  4,404,318,  deals  with  pigments,  dispersing  agents  and  organic  dispersing 
ediums  wherein  the  dispersing  agents  are,  for  example,  the  reaction  product  of  an  amino  resin,  an  alkyd 
sin  or  an  acrylic  resin  with  a  silane  coupling  agent  wherein  the  silane  coupling  agents  useful  therein  are 
scribed  as  those  containing  amino  groups  such  as  NH2(CH2)3Si(OC2H5)3;  those  containing  a  urea  group 
jch  as  gamma-ureidopropyltriethoxysilane;  those  containing  a  mercapto  group  such  as 
S(CH2)3Si(OCH3)3;  those  containing  an  epoxy  group  such  as 

lose  containing  haloalkyl  groups  sucn  as  unon2/3om-^n3(3,  uiuw  ^.,ia... . . . .  
ouble  bonds  such  as  vinyltrimethoxysilane,  and  mixtures  thereof. 

In  addition,  U.S.  Patent  4,427,824,  discloses  a  method  of  dispersing  fillers  using  hydrolyzable  ester 

ompounds  such  as  trialkyl  orthoformates,  i.e.,  tributylorthoformate.  The  inventors  claim  that  these 

ystems  are  storage  stable  in  that  the  pigments  stay  dispersed  in  silyl  group  containing  compounds. 
None  of  the  prior  art,  however,  deals  with  the  additives  of  this  invention  and  none  of  the  prior  art 

hows  or  makes  obvious  the  use  of  such  compounds  in  viscosity  reduction  and  uniform  dispersion  of 
articulate  material  in  aqueous  s y s t e m s . .  

There  is  a  need,  therefore,  for  a  method  of  reducing  the  viscosities  of,  and  causing  uniform 

ispersibility  of,  particulate  slurries  using  stable,  efficient  dispersing  agents. 
This  invention,  therefore,  consists  of  a  method  for  reducing  the  viscosities  of  slurries  of  particulate 

naterials  and  the  uniform  dispersion  of  particulate  materials  in  aqueous  slurries  as  well  as  compositions 
omprising  particulate  material  slurries  and  a  reducent  for  such  slurries. 

Thus  one  aspect  of  this  invention  is  a  method  for  reducing  the  viscosity  of  a  slurry  of  a  particulate 
naterial  by  the  use  of  anionic  siliconates  of  silylorganocarboxylates,  sulfonates  and  phosphonates  as  the 

educent  By  "reducent",  it  is  meant  for  purposes  of  this  invention,  the  organosilicon  material  which  when 
idded  to  a  particulate  slurry,  will  give  the  slurry  a  viscosity  less  than  the  viscosity  of  the  slurry  before 
idding  the  organosilicon  m a t e r i a l . . .  

Thus  the  method  consists  of  a  method  of  reducing  the  viscosity  of  particulate  slurries  which  method 

:omprises  (I)  contacting  an  aqueous  particulate  slurry  with  an  organosilicon  compound  selected  from  the 

iroup  consisting  of  (i)  anionic  siliconates  of  silylorganophosphonates;  (ii)  anionic  siliconates  of 
iilylorganosulfonates;  and  (iii)  anionic  siliconates  of  silylorganocarboxylates;  (II)  intimately  mixing  the 

>rganosilicon  compound  and  the  slurry,  whereby  a  slurry,  with  a  viscosity  less  than  the  viscosity  of  the 

ilurry  before  contacting  the  organosilicon  compound  with  the  slurry,  is  obtained. 
The  method  of  contacting  the  organosilicon  compound  reducent  and  the  aqueous  slurry  is  not  critical. 

=or  example,  the  reducent  and  the  water  for  the  slurry  can  be  mixed  and  the  particulate  matter  can  be 
idded  thereafter  with  stirring  or  a  more  preferred  method  is  to  add  the  reducent  to  an  already  prepared 
aqueous  slurry  of  the  particulate  material,  in-as-much  as  the  particulate  materials  are  generally 
manufactured  in  aqueous  solutions  and  its  during  their  manufacturing  that  the  reduction  of  the  viscosity  of 
:he  slurry  is  the  most  helpful.  A  further  example  is  the  addition  of  the  precursor  silane  of  the  reducent  to  the 
ilurry  which  contains  a  base,  for  example  NaOH.  _ 

The  organosilicon  reducents  are  generally  used  as  aqueous  solutions  since  that  is  also  the  way  in 
which  they  are  prepared.  Most  convenient  for  the  method  of  this  invention  are  those  reducents  having  20  to 
35%  solids  in  water.  , 

The  dispersion  of  the  reducent  in  the  aqueous  slurry  requires  minimum  stirring  and  therefore  any 
means  by  which  the  reducent  or  the  precursor  silane  can  be  dispersed  in  the  aqueous  slurry  is  useful  in  this 
invention.  For  example,  the  reducents  are  effective  when  simply  hand  mixed  with  the  slurry  using  a  spatula 
or  stirring  rod.  The  reducents  can  be  used  and  are  effective  at  any  reasonable  manufacturing  temperature 
and  can  therefore  be  used,  for  example,  at  25°C.  The  reducents  are  immediately  dispersed  when  added  to 
the  slurry  and  the  reduction  of  the  viscosity  is  realized  immediately  upon  the  addition  of  the  reducent 
without  having  to  wait  for  the  system  to  equilibrate  as  is  common  in  other  types  of  methods  such  as  the  use 
of  the  polyacrylates  referred  to  earlier. 

The  reducents  are  used  in  the  slurry  at  0.01  to  7.5  weight  percent  based  on  the  quantity  of  particulate 
material  in  the  slurry.  Most  preferred  are  0.05  to  5.0  weight  percent  of  the  reducent. 

These  reducents  are  used  with  particulate  materials  whose  concentration  in  solution  are  generally  20 
to  80  weight  percent  based  on  the  particulate  material,  organosilicon  compound  and  water  present  and 
therefore,  a  typical  composition  of  this  invention  is  a  composition  of  matter  comprising  (I)  20  to  80  weight 
percent  particulate  material;  (II)  0.01  to  7.5  weight  percent  of  an  organosilicon  compound  selected  from  the 

group  consisting  of  (i)  alkali  siliconates  of  silylorganophosphonates;  (ii)  alkali  siliconates  of  silylorgano- 
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ulfonates  and,  (iii)  alkali  siliconates  of  silylorganocarboxylates  ana,  uuj  sumcieni  water  xo  mane  a  slurry. 
A  further  aspect  of  this  invention  is  a  method  of  uniformly  dispersing  a  particulate  material  in  an 

queous  slurry  which  method  comprises  (I)  contacting  an  aqueous  particulate  slurry  with  an  organosilicon 
o/npound  selected  from  the  group  consisting  of  (i)  anionic  siliconates  of  silylorganophosphonates;  (ii) 
nionic  siliconates  of  silylorganosulfonates;  and  (iii)  anionic  siliconates  of  silylorganocarboxylates;  (II) 
itimately  mixing  the  organosilicon  compound  and  the  slurry,  whereby  a  slurry  with  a  more  uniform 
lispersion  of  particulate  material  than  was  extant  before  the  organosilicon  compound  was  contacted  with 
he  particulate  slurry,  is  obtained. 

As  in  the  method  of  reducing  the  viscosity  of  particulate  slurries,  the  method  of  contacting  the 
irganosilicon  compound  dispersant  and  the  aqueous  slurry  is  not  critical.  The  dispersant  and  the  water  for 
he  slurry  can  be  mixed  and  the  particulate  matter  can  be  added  thereafter  with  stirring.  A  more  preferred 
nethod  is  to  add  the  dispersant  to  an  already  prepared  aqueous  slurry  of  the  particulate  material  prior  to 
he  end  use  of  the  slurry,  in  that,  the  uniformity  of  dispersibility  is  highly  desirable  at  this  point.  It  is  also 
iart  of  this  invention  to  add  the  precursor  silane  to  the  aqueous  slurry  and  allow  the  dispersant  to  form  in- 
;itu  by  reaction  with  already  present  alkali,  for  example,  NaOH. 

The  organosilicon  dispersants  are  generally  used  as  aqueous  solutions  since  that  is  also  the  way  in 
vhich  they  are  prepared.  Most  convenient  for  the  method  of  this  invention  are  those  dispersants  having  20 
o  85%  solids  in  water. 

The  dispersion  of  the  dispersant  in  the  aqueous  slurry  requires  minimum  stirring  and  therefore  any 
neans  by  which  the  dispersant  or  the  precursor  silane  can  be  dispersed  in  the  aqueous  slurry  is  useful  in 
his  invention.  For  example,  the  dispersants  are  effective  when  simply  hand  mixed  with  the  slurry  using  a 
spatula  or  stirring  rod.  The  dispersants  can  be  used  and  are  effective  at  any  reasonable  manufacturing 
emperature  and  can  therefore  be  used,  for  example,  at  25°C.  The  dispersants  are  immediately  dispersed 
vhen  added  to  the  slurry  and  the  uniform  dispersion  of  the  particles  in  the  slurry  is  realized  immediately 
jpon  the  addition  of  the  dispersant  without  having  to  wait  for  the  system  to  equilibrate  as  is  common  in 
rther  types  of  methods  such  as  the  use  of  the  polyacrylates  referred  to  earlier. 

The  dispersants  are  used  in  the  slurry  at  0.01  to  7.5  weight  percent  based  on  the  quantity  of  particulate 
naterial  in  the  slurry.  Most  preferred  are  0.05  to  5.0  weight  percent  of  the  dispersant. 

Another  aspect  of  this  invention  is  the  composition  of  matter  obtained  by  the  inventive  method  herein, 
rhe  composition  of  matter  comprises  (I)  a  particulate  material;  (II)  an  organosilicon  compound  selected 
rom  the  group  consisting  of  (i)  alkali  siliconates  of  silylorganophosphonates;  (ii)  alkali  siliconates  of 
silylorganosulfonates;  and  (iii)  alkali  siliconates  of  silylorganocarboxylates;  and  (111)  water. 

The  particulate  material  can  be  any  pigment  or  filler  material  which  is  finely  divided  (as  opposed  to 
;omminuted  ores  and  the  like)  and  is  capable  of  being  dispersed  in  water.  Such  materials,  for  example, 
nclude  inorganic  oxides  such  as  titanium  dioxide,  silicon  dioxide,  iron  oxides,  cobalt  modified  iron  oxides, 
aluminum  oxide,  antimony  oxide,  chromium  dioxide  and  the  like;  clays  such  as  kaolinite,  vermiculite, 
■nontmorillonite  and  china  clay  and  the  like;  zinc  oxide,  zinc  sulfide,  basic  carbonate  white  lead,  basic 
sulfate  white  lead,  barium  sulfate,  calcium  carbonate,  magnesium  silicates,  aluminum  silicates,  mica,  and 
mixtures  thereof. 

The  reducents  useful  in  this  invention  are  all  known  materials.  The  materials  set  forth  under  (i)  above 
are  anionic  siliconates  of  silylorganophosphonates.  The  precursor  silane  used  for  preparing  this  siliconate 
can  be  prepared  by  many  different  methods  but  the  highest  yielding  method  is  that  set  forth  by 
Plueddemann  in  U.S.  Patent  No.  4,093,641,  issued  June  6,  1978,  which  shows  the  preparation  of  the 
precursor  silane.  The  precursor  silane  is  then  converted  to  the  salt  by  contact  with  the  appropriate  base, 
such  as,  for  example,  NaOH,  to  give  the  alkali  metal  salt.  Such  a  method  is  set  forth  in  U.S.  Patent  No. 
4,370,255,  issued  January  25,  1983,  which  shows  the  preparation  of  the  salt  of  this  silane.  Such  materials 
have  the  general  formula 

I 
0  
I 

MOSiROP(0)OM 
I  I 
0  R* 

wherein  M  can  be  independently  an  alkali  metal  cation  selected  from  soa.um,  potassium, 
^bidium  cations  or  tetraorganoammonium  cations;  R  is  a  divalent  aliphatic  hydrocarbon  radical 

containing  1  to  3  carbon  atoms  or  the  benzylene  radical  and  R'  is  a  hydrocarbon  radical  of  1  to  7  carbon 

atoms.  The  most  preferred  material  is 
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{Ha)Ol  5SiCH2CH2CH2OP-ONa. 

CH3 

The  materials  set  forth  under  (ii)  above  are  siliconates  of  silylorganosulfonates.  Such  materials  useful 

in  this  invention  are  those  disclosed  in  U.S.  Patent  No.  4,352,742,  issued  October  5,  1982  and  having  the 

•o  general  formula 

R'  
l a  

'5 

30 

35 

« [ 0 3 S - R - S i - ° 3 z a 1 x  

2 

wherein  M  is  a  monovalent,  divalent  or  trivalent  cation,  preferably  a  monovalent  cation  selected  Trom  tne 
group  consisting  of  alkali  metal,  ammonium,  hydrogen  and  tetraorganoammonium;  x  is  1  to  3  and  equal  to 

20  the  valence  of  M;  R  is  a  hydroxy-substituted  aliphatic  divalent  group  having  3  to  about  18  carbon  atoms, 
preferably  selected  from  the  group  consisting  of  hydroxy-substituted  alkylene  and  cycloalkylene,  alkylene 
oxyalkylene  and  cycioalkylene-oxyalkylene  groups  and  said  hydroxy-substituent  is  bonded  to  a  carbon 
atom  vicinal  to  the  carbon  atom  to  which  the  —  03S—  group  is  bonded;  R'  is  a  monovalent  alkyl  group 
preferably  selected  from  the  group  consisting  of  alkyl  and  cycloalkyl  of  1  to  18  carbon  atoms,  and  a  is  an 

25  integer  of  0  to  2.  Such  materials  can  be  prepared  by  the  reaction  of  epoxy,  or  more  specifically,  glycidoxy 
silicone  precursors  with  a  bisulfite  salt  in  the  presence  of  relatively  minor  amounts  of  a  sulfate  salt.  These 
materials  together  with  processes  for  their  preparation  can  be  found  in  U.S.  Patent  3,507,897. 

Another  type  of  silylorganosulfonate  useful  in  this  invention  are  those  compounds  having  the  general 
formula 

lb  

[ M Q 3 S R l a S i 0 4 _ a _ b  

wherein  M  is  a  monovalent  cation,  selected  from  ammonium,  tetraorganoammonium,  hydrogen,  and  alkali 
metal  cations  such  as  lithium,  sodium  potassium  and  cesium;  R  is  a  divalent  aliphatic  hydrocarbon  radical 
preferably  selected  from  the  group  consisting  of  alkylene  radicals  containing  from  2  to  30  carbon  atoms 

40  and  cycloalkylene  radicals  containing  from  4  to  18  carbon  atoms;  R'  is  an  alkyl  radical  of  from  1  to  8  carbon 
atoms  and  a  has  an  average  value  of  from  1  to  3,  b  has  an  average  value  of  from  0  to  2  and  the  sum  of  a  +  b 
is  1  to  3.  These  materials  are  prepared  by  oxidizing  either  a  silicone  thiuronium  salt  or  thiocyanoalkyl-  or 
thiocyanocycloalkyl  silicone.  The  salts  are  prepared  by  the  reaction  of  a  sulfoaikyl-  or  sulfocycloalkyl 
silicone  with  a  base  such  as  sodium  hydroxide  or  the  like,  or  by  treating  with  ammonia.  Such  materials  are 

45  set  forth  in  U.S.  Patent  4,354,002,  issued  October  12,  1982  which  shows  the  preparation  of  such 
compounds. 

Yet  other  types  of  silylorganosulfonate  found  useful  in  this  invention  are  the  arylalkyl  silicone 
sulfonates  having  the  general  formula 

so  Z  R'  
I  ln  

MO,S-R-C  H . S l O ,   „ 3  a  2a  3 - n  

2 
55 

wherein  Z  is  at  least  one  of  a  hydrogen  atom,  a  monovalent  alkyl  group  having  1  to  8  carbon  atoms,  a 
monovalent  aryl  group  or  alkyl  substituted  aryl  group  having  up  to  10  carbon  atoms  in  the  aryl  group  and  1 
to  8  carbon  atoms  in  the  alkyl  group,  or  a  monovalent  group  having  any  of  the  formulae: 

60 

65 
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5 

10  wherein  said  groups  are  connected  to  R  through  a  carbon  to  carbon  linkage;  R  is  a  divalent  ortrivalent  aryl 
group  containing  up  to  and  including  10  carbon  atoms;  R'  is  an  alkyl  group  having  1  to  8  carbon  atoms,  a  is 
an  integer  of  from  2  to  4  so  as  to  provide  that  said  aryl  group  is  connected  to  the  silicon  atom  through  at 
least  two  carbon  atoms,  n  is  an  integer  of  from  0  to  2  and  M  is  monovalent,  divalent  or  trivalent  cation 
preferably  selected  from  the  group  consisting  of  at  least  one  of  hydrogen,  alkali  metal, 

15  tetraorganoammonium  and  ammonium.  The  process  for  the  preparation  of  these  materials  can  be  found  in 
U.S.  Patent  2,968,643. 

Still  other  types  of  silylorganosulfonates  useful  in  this  invention  are  those  having  the  general  formula 

(MO)  0,  SiRN(CH-CH.N)  R 'R"  
20  a  3-a  i  2  2  x 

wherein  R  is  a  divalent  alkylene  radical  of  3  or  4  carbon  atoms;  R'  is  a  monovalent  radical  selected  from  a 
25  group  consisting  essentially  of  hydrogen  and  —  (CH2)nS03M;  R"  is  a  monovalent  radical  selected  from  a 

group  consisting  essentially  of  —  (CH2)nS03M  and 

0 
II 

30  -CCHS03M  ;  R ' "   is   R»  or  R"  . 

CH2C00M 

35  M  in  all  formulae  is  an  alkali  cation;  n  in  all  formulae  has  a  value  of  1,  2  or  3;  x  has  a  value  of  0  or  1;  and  a 
has  an  average  value  of  0  to  3.  Some  of  these  silylorganosulfonates  are  known  materials  and  some  of  them 
are  commercially  available.  Silylorganosulfonates  can  be  prepared  by  a  number  of  methods  which  include, 
among  others,  the  chlorosulfonic  acid  sulfonation  of  aralkylsilanes;  the  sulfonation  of  haloalkylarylsilanes 
using  NazS03;  the  reaction  of  sodium  sulfite  with  various  organofunctional  silanes  such  as 

40 

45 

55 

60 

Si-CH-CH_  to  g i v e   =Si -CHCH_SO,Na;  
\ /   

2  I 
0  OH 

a  two  step  reaction  involving  the  reactions  of  aminosilanes  with  unsaturated  anhydrides  and  the 
subsequent  sulfonation  of  that  reaction  product  by  Na2S03;  the  addition  of  active  hydrogen  functional 
silanes  to  propane  sultone;  the  oxidation  of  mercaposilanes  to  the  sulfonates;  the  reaction  of 
formaldehyde-sodium  bisulfate  adduct;  HOCH2S03Na  with  aminofunctional  organosilanes;  and  the 

so  addition  of  amino-functional  organosilanes  to  CH2=CHS03Na. 
The  materials  set  forth  under  (iii)  above  are  siliconates  of  silylorganocarboxylates.  Such  materials 

useful  in  this  invention  are  those  disclosed  in  U.S.  Patent  3,265,623,  issued  August  9,  1966  and  having  the 
general  formula 

R' 
|C 

[M 1 / a O O C R ] b S i 0 4 _ ( b + c  

wherein  M  is  a  cation  that  imparts  water  solubility  to  the  siloxane;  a  is  a  valence  of  the  cation  represented 
by  M  and  has  a  value  of  at  least  one;  R  is  an  unsubstituted  divalent  hydrocarbon  group  or  a  divalent 
hydrocarbon  group  containing  a  M1/aOOC  —  group  as  a  substituent;  each  M1/aOOC  —  group  is  connected  to 

65  the  silicon  atom  through  at  least  two  carbon  atoms  of  the  group  represented  by  R;  R'  is  a  monovalent 

6 



p  u  1 / /   aos   d i  

/drocarbon  group;  6  has  a  value  oTTrom  i  to  j  inclusive;  o-  n<a&  a  vaiue  u.  num  «  lu  ...v-.̂ o.-w,  ,~  . 
as  a  value  from  1  to  3  inclusive.  U.S.  Patent  No.  3,265,623  shows  the  preparation  of  these  materials. 

Other  types  of  silylorganocarboxylates  are  those  disclosed  in  U.S.  Patent  4,344,860,  issued  August  17, 
382  and  having  the  general  formulae  (I)  MOSi(CH2)zSR  and  (II)  MOSi(CH2)zNHnRm  wherein  in  both 
irmulae,  M  is  selected  from  a  group  consisting  essentially  of  (i)  alkali  metal  cations  and  (n) 
itraorganoammonium  cations  and  z  has  a  value  of  2  or  3,  wherein  in  formula  (I)  R  is  selected  from  a  group 
insisting  essentially  of 

-CH2COOM,  -CH2CH2COOM,  -CHCOOM  and  -CH^HCOOM 

therein  in  formula  (II),  n  has  a  value  of  0  or  1  ;  M  has  a  value  of  1  or  2,  the  sum  of  n  +  m  is  2  and  each  R  is 
idependently  selected  from  a  group  consisting  essentially  of 

-CH2COOM,  -CH2CH2COOM,  -CHCOOM,  -CH^CHCOOM  and  -  (CH2  )  2N  (CH^COOM)  2 

CH2COOM  •  CH2C00M 

/hen  n  is  0  and  m  is  2,  and  R  is  selected  from  a  group  consisting  essentially  of 

-CHCOOM,  -CH.  CHCOOM 
I  2I  

md  (CH2)2NHpR^when  n  is  1  and  m  is  1,  p  has  a  value  of  0  or  1,  q  has  a  value  of  1  or  2  and  the  sum  of  p  +  q 
s  2  wherein  R'  is  selected  from  a  group  consisting  of 

-CHCOOM,  and  -CH2CHCOOM 

CH2COOM  CH2COOM 

vhen  p  is  1  and  q  is  1  and  R'  is  selected  from  a  group  consisting  of 

-CH-COOM,  -CH-CH-COOM,  -CHCOOM  and  -CH2CHCOOM 2  |  | 
CH2COOM  CH2C00M 

when  p  is  0  and  q  is  2,  wherein  M  and  z  have  the  same  meaning  as  set  forth  above. 
It  should  be  noted  that  the  reducents  as  the  salt  form  can  be  prepared  prior  to  use  in  the  slurry  or  they 

can  be  prepared  in-situ  by  adding  the  precursor  silane  to  a  slurry  containing  a  base  such  as  NaOH. 
For  purposes  of  this  invention,  M  can  be  selected  from  the  alkali  cationic  groups  which  are  the  alkali 

metal  cations  and  the  tetraorganoammonium  cations.  Thus,  M  for  purposes  of  this  invention  can  be 
selected  from  sodium,  potassium,  lithium,  rubidium,  cesium,  and  the  tetraorganoammonium  cations  such 

as  tetra(alkyl)ammonium  cations;  tetra-  (mixed  aryl-alkyl  and  mixed  aralkyl-alkyl  ammonium  cations  and 
thetetra(hydroxyalkyl)ammonium  cations.  Preferred  are  tetra(methyl)ammonium,  tetra(ethyl)ammonium, 
phenyltrimethyl  ammonium,  benzyltrimethyl  ammonium  and  tetra(hydroxyethyl)ammonium  cations.  Also 
considered  within  the  scope  of  this  invention  are  the  polyvalent  cations  produced  by  converting 
polyamines  such  as  guanidine  or  ethylenediamine  to  polyammonium  hydroxides. 

The  unoccupied  valences  of  the  oxygen  atoms  attached  to  the  silicon  atoms  of  the  siliconate  salts  can 
be  occupied  by  M,  hydrogen  or  another  silicon  atom  as  long  as  sufficient  oxygen  valences  are  occupied  by 
M  or  hydrogen  to  provide  compositions  that  are  soluble  in  aqueous  mediums.  Generally,  a  can  have  an 

averaqe  value  from  0  to  3  in  the  compositions  of  this  invention.  However,  because  polymerization  by 
silanoi  condensation  at  a  neutral  PH  can  cause  a  loss  of  stability  in  solutions  and  eventual  gelling,  it  is 
preferred  that  a  has  an  average  value  of  1  to  3  so  that  at  least  one  oxygen  valence  is  occupied  by  an  alkali 
metal  cation  or  a  tetraorganoammonium  cation  to  provide  more  soluble  compositions  that  remain  stable  in 
solution  and  do  not  gel  for  long  periods  of  time. 

Now  so  that  those  skilled  in  the  art  understand  and  appreciate  the  invention,  the  following  examples 
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are  offered.  These  examples  should  not  be  construed  as  limiting  that  which  is  set  out  and  claimed  as  the 
invention  in  the  appended  claims. 

The  materials  used  in  the  examples  were  obtained  from  the  companies  indicated  below.  The 
properties  of  the  materials  are  shown  as  well. 

NL  2131  Titanox  (Ti02)  —  Titanium  Pigment  Corp.,  111  Broadway,  New  York,  New  York,  U.S.A.  This 
material  is  Rutile  Ti02  consisting  of  at  least  90  weight  percent  Ti02  with  the  remainder  principally  alumina 
and  silica.  Sp.  G.  is  3.7;  oil  absorption  ±  10%  is  44.0;  retained  on  0.043  mm  [325  mesh  (U.S.  standard)]  is 
0.01%  max.  and  the  pH  is  7.5  to  8.8. 

Titanox  2101  —  Titanium  Pigment  Corp.  This  material  is  Rutile  Ti02  consisting  of  at  least  90  weight 
percent  Ti02  with  the  remainder  principally  aluminum  silicate.  Sp.  G.  is  4.0;  oil  absorption  (±  10%)  is  21.0; 
retained  on  0.043  mm  [325  mesh  (U.S.  standard)]  is  0.01%  max.  and  the  pH  is  7.3  to  8.3. 

R—  960  Ti-Pure  (Ti02)  —  E.  I.  duPont  de  Nemours  &  Co.  Inc.,  Wilmington,  Delaware,  U.S.A. 
Mica  C—  3000  —  The  English  Mica  Co.,  Stamford,  Conn.  06905  U.S.A.  Sp.  G.  is  2.82;  oil  absorption 

60—74;  and  the  pH  is  8.0. 
Camel  White  (Clay)  —  Harry  T.  Campbell  Sons'  Corp.,  Baltimore,  Maryland,  U.S.A.  This  material  is 

fractionated  calcium  carbonate  processed  from  calcite  (98%).  The  particle  size  averages  2.0  urn  (microns). 
Sp.  G.  is  2.71;  oil  absorption  is  15  and  pH  is  8.5  in  a  saturated  solution. 

ASP—  400  (Clay)  —  Engelhard  Minerals  and  Chemicals,  Menlo  Park,  CA,  U.S.A.  This  material  is  hydrous 
aluminum  silicate  having  an  average  particle  size  of  4.8  urn  (microns).  Sp.  G.  =  2.58;  oil  absorption  is 
28—32  and  the  pH  is  3.8  to  4.6. 

Brookfield  Viscometers  —  Brookfield  Engineering  Laboratories,  Inc.,  Stoughton,  Mass.,  U.S.A.  02072. 
SCM  Ti02  —  SCM  Glidden,  Baltimore,  Maryland,  U.S.A.  A  slurry  of  Ti02  (production  grade). 
Zinc  Oxide  —  J.  T.  Baker  Chemical  Co.,  Phillipsburg,  New  Jersey,  08865. 
Calcium  Carbonate  —  Thompson,  Weinman  and  Co.,  New  York,  New  York,  U.S.A.  Particle  size  range  1 

to  20  urn  (microns);  oil  absorption  9  to  10;  Sp.  G.  is  2.71  and  pH  is  9.2  to  9.4. 
Tamol  850  —  Rohm  and  Haas,  Philadelphia,  PA,  U.S.A.  Sodium  polyacrylate  viscosity  depressant  at 

30%  solids. 
Brookfield  Viscometer  —  All  viscosities  shown  in  this  specification  unless  indicated  otherwise  were 

measured  using  a  Brookfield  Model  RvTD  Viscometer.  Spindle  sizes  and  speed  in  RPM  are  shown  in  each 
example. 

Wet  Point  Procedure  —  This  procedure  is  performed  in  a  small  plastic  or  glass  vessel  wherein  the 
particulate  material  is  placed  in  the  vessel  and  titrated  with  a  liquid  (in  this  case  water)  and  stirred  (usually 
with  a  spatula)  until  the  wet  point  is  reached.  The  wet  point  is  that  point  during  titration  that  the  particulate 
mass  has  had  sufficient  liquid  added  to  it  to  provide  a  soft  coherent,  uniform,  mass.  The  wet  point  is 
recorded  as  the  milliliters  of  liquid  needed  to  reach  the  wet  point.  Sometimes  the  wet  point  is  reported  as 
the  percent  solids  of  the  mass  at  the  wet  point. 

Flow  Point  Procedure  —  Flow  point  is  essentially  a  continuation  of  the  titration  beyond  the  wet  point 
until  the  mass  has  enough  fluidity  to  fall  from  the  vertical  blade  of  a  horizontally  held  spatula.  The  total 
milliliters  of  water  that  is  needed  to  titrate  to  this  point  is  the  flow  point  reading. 

Example  1 
A  TiOz  pigment  slurry  was  prepared  in  the  following  manner.  Twenty-five  grams  of  NL  2131  Titanax 

Ti02  were  placed  in  a  227  g  (eight  ounce)  f  rench  square  bottle.  To  this  pigment  there  was  added  increments 
of  distilled  water  and  the  pigment  was  stirred  after  each  addition,  using  a  metal  spatula.  The  viscosity  of  the 
mixture  was  checked  after  each  addition  using  a  Brookfield  viscometer  and  a  #4  spindle  at  60  RPM.  As  the 
viscosity  decreased,  the  spindle  was  changed  to  #2  and  the  changes  are  noted  in  the  table  below  (Table  I). 
A  slurry  viscosity  reducing  siliconate  of  this  invention  was  then  tested  by  repeating  the  above  steps  after 
the  siliconate  was  first  added  to  the  Ti02  in  a  glass  bottle.  The  siliconate  was  tested  at  the  0.1  and  0.25 
weight  percent  active  solids  levels  based  on  the  amount  of  Ti02  in  the  samples.  The  siliconate  was  a  50 
weight  percent  aqueous  solution  of 

0  
II 

(Na)  0 3 / 2 S i   (CH2)  30P  (CH3)  ONa 

and  the  results  can  be  found  on  Table  I.  It  is  apparent  from  the  data  that  the  siliconate,  at  low  levels  can 
significantly  reduce  the  viscosity  of  the  slurry. 

Example  2 
In  a  manner  similar  to  that  of  Example  1,  a  second  evaluation  was  made  using  NL  2131  Titanax  Ti02 

and  a  siliconate  having  the  approximate  formula 

8 
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(Na)  03 /2S l   (CH2'  3  1  2'  2  1  2  (-H2  2 

CH2CH2COONa 

This  material  was  used  as  a  44  weight  percent  aqueous  solution  wherein  the  level  used  in  this  example  was 
0  1  active  solids.  To  a  113  g  (4  ounce)  glass  bottle  there  was  added  the  above  siliconate  and  twenty-five 

grams  of  the  Ti02.  To  this  mixture,  there  was  added  small  increments  of  distilled  water  and  after  each 
addition,  the  mixture  was  stirred  with  a  metal  spatula.  The  viscosity  of  the  mixture  was  observed  and  water 

o  was  added  until  a  60  percent  solids  mixture  was  obtained.  At  this  point,  the  viscosity  had  reduced  to  the 
point  where  a  soft  paste  was  formed  such  that  it  did  not  resist  the  action  of  the  spatula.  (At  this  point,  17 

grams  of  water  had  been  added.)  When  the  water  addition  had  reached  24  grams,  the  viscosity  was  low 

enough  that  one  drop  of  the  mixture  would  run  easily  off  the  tip  of  the  spatula  (51  %  solids). 
When  0  1  weight  percent  deionized  water  was  substituted  for  the  siliconate  in  a  similar  experiment,  it 

5  took  twenty-four  grams  of  water  before  there  was  no  resistance  to  the  spatula  (51%  solids).  When  this 
material  reached  20%  solids,  it  was  finally  low  enough  in  viscosity  such  that  a  drop  would  run  off  the  tip  of 
the  spatula.  Thus,  it  is  apparent  that  the  siliconate  had  the  ability  to  lower  the  viscosity  of  the  Ti02  slurry 
without  dramatically  lowering  the  solids  content  of  the  slurry. 

0  Example  3 
A  one  gallon  sample  of  49.7  weight  percent  aqueous  Ti02  slurry  (SCM-Glidden  production  grade)  was 

agitated  on  a  high  shear  mixer  to  obtain  a  homogeneous  slurry.  To  one  sample  of  the  slurry,  there  was 
added  varying  amounts  of  the  siliconate  that  was  used  in  Example  1  and  this  sample  was  designated  A  . 
A  baseline  was  established  by  diluting  the  slurry  with  water,  without  adding  any  siliconate  and  the 

5  viscosities  were  measured  and  compared  to  Sample  "A".  This  control  was  designated  "B".  A  third  sample 
using  the  siliconate 

(Na)03 /2Sl (CH2)   3N  ICM2)  2N  n,ti2un2uuuiN<i,  2 
(CH2)2COONa 

was  also  prepared  and  evaluated  as  Example  "C".  The  spindle  #  is  noted  on  the  following  Table  II  and  the 
speed  was  2  RPM.  The  results  are  on  Table  II. 

It  is  apparent  that  both  siliconates  were  effective  in  reducing  the  slurry  viscosity  without  significantly 
35  reducing  the  solids  content  of  the  slurry- 

Example  4 
Several  samples  were  prepared  by  adding  100  grams  of  ASP—  400  clay  (100  grams)  and  varying 

amounts  of  the  siliconate 
40 

45 
CH3 

to  a  ball  mill  containing  6.4  mm  (1/4  )  ceramic  Dans  ana  ine  mixture  was  mmeu  iui  ocvcmi  muuio  uum  n 
50  appeared  homogeneous.  Within  the  first  two  hours,  the  sample  designated  "A"  and  the  sample  designated 

"B"  had  to  have  an  additional  50  grams  of  water  added  to  them  because  their  viscosity  was  too  high.  The 
samples  were: 

55 

60 

orams  uiay  urams  n2u  uiama  oinounaio 

A  100  150  0 

B  100  150  0.1 

C  100  100  0.5 

D  100  100  1.5 

A  fifth  sample  was  prepared  by  hand  mixing  1UU  grams  ot  ciay  ana  iuu  grams  or  waier.  inu  »hk;uiicub  was 
65  added  to  this  sample  which  was  designated  E. 

a 
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The  results  can  be  found  on  Table  III.  Spindle  #4  and  speed  of  2  RPM  was  used  in  this  example. 
It  is  obvious  that  the  siliconates  of  this  invention  have  the  ability  to  reduce  the  viscosity  of  clay  slurries. 

Example  5 
A  slurry  of  TiOz  (Ti-Pure  R960)  in  water  was  prepared  by  titrating  the  Ti02  to  its  wet  point  (72%  solids). 

This  material  was  a  very  thick  paste  to  which  increasing  quantities  of  water  (Sample  "A"),  Tamol®  850 
(Sample  "B")  and 

0 
II 

( N a ) 0 3 / 2 S i ( C H 2 ) 3 O P O N a  

CH3 

(Sample  "C"),  were  added  in  increasing  quantities.  The  viscosities  were  measured  using  a  Brookfield 
viscometer.  The  RPM  and  spindle  numbers  are  noted.  The  results  can  be  found  in  Table  IV. 

Example  6 
The  wet  point  and  flow  points  of  various  slurries  of  particulate  minerals  using  four  siliconates  of  this 

invention  were  measured. 
Siliconate  "i"  is 

( N a ) 0 3 / 2 S i ( C H 2 ) 3 O P ( C H 3 ) O N a  
0 

Siliconate  "ii"  is 

(Na)  03/  2Si  (CH2)  3N  (CH2)  2N  ( C H ^ C O O N a )   2 
(CH2)  2C00Na 

Siliconate  "iii"  is 

(Na)03/2SiCH2CH2COONa  a n d  

Siliconate  "iv"  is 

(Na)  03  i  2Si  (CH2  )  3OCH2CHCH2S03Na 

OH 

The  results  of  the  evaluations  can  be  found  on  Table  V. 
The  results  show  that  the  siliconates  do  have  an  effect  on  the  wet  points  and  flow  points  of  the 

particulate  materials. 

Example  7 
Three  hundred  grams  of  a  cobalt  surface  modified  iron  oxide  (Pferrico  2566,  average  length  0.40  urn 

(microns),  average  width  0.07  urn  (microns),  pH  7.0,  surface  area  22.5  and  oil  absorption  of  51  in  ml/100  g 
(manufactured  by  Pfizer,  Easton,  PA  U.S.A.)  was  mixed  with  400  ml  of  deionized  water  in  a  Waring  Blender 
at  high  shear  for  several  minutes.  The  viscosity  increased  to  such  a  level  that  mixing  stopped.  Additional 
water  was  added  until  the  slurry  reached  27.5  wt%  solids.  The  viscosity  was  still  too  high  for  good  mixing. 
At  this  point  increments  of  a  50  wt%  aqueous  solution  of 

0  
II 

(Na)  0 3 / 2 S i   (CH2)  30P  (CH3)  ONa 

were  added.  At  a  level  of  0.7  wt%,  the  slurry  viscosity  dropped  to  a  lower  level  and  excellent  mixing  was 
obtained.  The  Brookfield  Viscosity  (20  RPM,  Spindle  No.  6)  was  4550  cps.  Additional  siliconate  was  added 
and  the  results  in  Table  VI  were  obtained.  It  is  apparent  from  the  data  that  the  siliconate,  at  low  levels,  can 
significantly  reduce  the  viscosity  of  the  slurry  and  that  there  is  a  point  reached  where  the  viscosity 
reduction  effect  becomes  limited. 

10 
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3sults  From  Example  I 

'iscosity  in  mPas  (cp)  @  25°C 

Sample  %  Solids  (i)  (ii)  (iii)  Spindle  #  

A  61  +  +  1177  4 

B  60  +  2320  680  4 

C  58  +  1120  113  4 

D  57  +  460  —  4 

E  56  +  80  —  4 

F  50  1600  —  —  4 

G  45  1400  —  —  4 

H  42  1000  —  —  4 

I  40  680  —  —  4 

J  33.3  480  —  —  4 

K  20  110  11  11  2 

Sample  (i)  has  zero  siliconate  aaamve 
lample  (ii)  has  0.1  weight%  additive 
lample  (iii)  has  0.25  weight%  additive 
-  Not  yet  a  slurry  or  too  viscous  to  measure  by  Brookfield. 

1  1 
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TABLE  II 
Results  From  Example  3 

Viscosity  in  mPas  (cp)  @  25°C  %  Siliconate 
Slurry 

%  Solids  A B C   (Active  Solids) 

49.7  64,000  64,000  69,000  0 

49.6  55,000  —  —  0.0125 

49.6  37,050  —  54,000*  0.025 

49.5  24,600  —  —  0.0375 

49.5  15,840  —  25,600*  0.05 

49.4  9,500  —  —  0.0625 

49.4  6,230  —  10,800*  0.075 

49.3  4,267  —  —  0.0875 

—  —  —  6,000**  0.10 

49.1  3,200  —  2,500**  0.125 

48.7  —  45,000  —  0 

48.6  600  —  —  0.25 

47.7  —  18,000  —  0 

46.7  —  15,000  —  0 

45.8  —  11,000  —  0 

44.9  —  8,000  —  0 

*  Spindle  #4  
**  Spindle  #2 

TABLE  III 
Results  of  Example  4 

Viscosity  in  mPas  (cp)  @  25°C 
Weight% 

Sample  Siliconate  pH  (Avg.  of  Four)  %  Solids 

A  0  4.9  3320  40 

B  0.1  5.3  2405  40 

C  0.5  5.8  688  50 

D  1.0  6.4  50  50 

E  0  4.8  4000  50 

The  hand  shaken  Sample  "E"  was  treated  with  varying  quantities  of  the  siliconate  with  the  following 
results  (Sample  F). 

12 
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(i)  0  4.8  «uuu 

ji)  0.05  4.9  2500 

iii)  0.10  5.0  2267 

iv)  0.20  5.1  161 

[v)  0.50  5.5  12 

TABLE  IV 
Results  From  Example  5 

Viscosity  of  the  Slurry  in  mPas  (cp)  @  25°C 

%  Additive  Solids  Based  on  Ti02 

ample  0  0.05  u.iu  u.io  u.^u 

u  A  5,200,000*  3,800,UUir  o,lUU,uuu"  o,uuu,uuu  ^,duu,uuu 

B  5,200,000*  220,000**  650***  610***  780***  800***  1040*** 

C  5,200,000*  620,000**  420***  40***  40***  48***  40*** 
5  "~  ' 

*  F—  T  Spindle  @  1  RPM 
**  C—  T  Spindle  @  1  RPM 
***  RV2  Spindle  @  10  RPM 

I  ABLE  V 
lesults  From  Example  6 

Fine  Particulate  n2u  uniy  vi  \"i  \>»t  *,v' 
Sample  Material  Amount  W.P.*  F.P  .**  W.P.  F.P.  W.P.  F.P.  W.P.  F.P.  W.P.  F.P 

K  
A  CaCOa  50  g  14  19  11.5  16.5  13  19  14  19  —  — 

B  ZnO  50  g  26  90  18  19.5  21  28  18  19  17  26 

to  C  TiOa  (Titanox  2101)  50  g  16  24  14  15  13  15  —  —  —  — 

D  Ti02  (Titanox  2131)  50  g  31  50  28  32  30  33  —  —  —  — 

E  TiO2(R-960)  50  g  18  30  11.5  12  14  15  14  15  12  13 
15 

F  MICA  (C—  3000)  50  g  50  66  50  57  50  68  —  —  —  — 

G  CaC03  (Camel  White)  50  g  14.5  22  14.5  21  14.5  22  —  —  —  — 

jo  H  Clay  (ASP-400)  50  g  22  31.5  22  23  22  26  21  24  20.5  25 

|  Y-Fe203  5  g  37  100  37  100  37  90  —  —  —  — 

*  W.P.  =  Wet  Point 
55  **  F.P.  =  Flow  Point 

60 

65 

13 
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TABLE  VI 
Results  From  Example  7 

Gms.  Of  Wt.% 
Sample  Siliconate  Siliconate  Reading  Spindle  No.  RPM  Factor  Vise.  mPas 

A  4.2  0.70  9.1  6  20  500  4550 

B  4.8  0.79  16.1  5  20  200  3220 

C  5.4  0.89  8.4  5  20  200  1680 

D  6.0  0.96  7.8  4  20  100  780 

E  6.6  1.06  10.9  3  20  50  545 

F  7.2  1.15  10.2  3  20  50  510 

G  7.8  1.25  9.9  3  20  50  495 

H  8.4  1.35  9.9  3  20  50  495 

I  9.6  1.54  9.5  3  20  50  475 

J  10.8  1.74  9.5  3  20  50  475 

K  12.0  1.93  9.7  3  20  50  485 

L  13.2  2.12  9.8  3  20  50  490 

M  14.4  2.31  9.8  3  20  50  490 

N  15.6  2.50  9.8  3  20  50  490 

Claims 

1.  A  method  of  reducing  the  viscosity  of  particulate  slurries  which  method  comprises 
(I)  contacting  an  aqueous  particulate  slurry  with  an  organosilicon  compound,  and 
(II)  intimately  mixing  the  organosilicon  compound  and  the  slurry, 

characterised  in  that  the  organosilicon  compound  is  selected  from 
(i)  anionic  siliconates  of  silylorganophosphonates  having  the  general  formula 

MOSiROP(0)OM 

wherein  M  is  independently  an  alkali  metal  cation  selected  from  sodium,  potassium,  lithium  and  rubidium 
cations  or  tetraorganoammonium  cations;  R  is  a  divalent  aliphatic  hydrocarbon  radical  containing  1  to  3 
carbon  atoms  or  the  benzylene  radical  and  R'  is  a  hydrocarbon  radical  of  1  to  7  carbon  atoms; 

(ii)  anionic  siliconates  of  silylorganosulfonates  having  the  general  formula 

R'  
I3 

M [ 0 3 S - R - S i - 0 3 _ a ] x  

wherein  M  is  a  monovalent,  divalent  or  trivalent  cation;  x  is  1  to  3  and  equal  to  the  valence  of  M;  R  is  a 
hydroxy-substituted  aliphatic  divalent  group  have  3  to  18  carbon  atoms,  and  said  hydroxy-substituent  is 

14 
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Donded  to  a  carbon  atom  vicinal  to  the  carbon  atom  to  which  the  —  03S—  group  is  bonded;  R'  is  a 
monovalent  alkyl  group,  and  a  is  an  integer  of  0  to  2,  or  having  the  general  formula 

K  

[M0,SR+  S i O .  J  a  4 - a ~ b  

wherein  M  is  a  monovalent  cation,  selected  from  ammonium,  tetraorganoammonium,  hydrogen  ana  aiKau 
metal  cations;  R  is  a  divalent  aliphatic  hydrocarbon  radical;  R'  is  an  alkyl  radical  of  from  1  to  8  carbon 
atoms  and  a  has  an  average  value  of  from  1  to  3,  b  has  an  average  value  of  from  0  to  2  and  the  sum  of  a  +  b 
is  1  to  3,  or  having  the  general  formula 

Z  R'  
I  ln  

MO,S-R-C  H-  S10-. J  a  2a  J—  n 

wherein  Z  is  at  least  one  of  a  hydrogen  atom,  a  monovalent  alkyl  group  having  1  to  8  carbon  atoms,  a 
monovalent  aryl  group  or  alkyl  substituted  aryl  group  having  up  to  1  0  carbon  atoms  in  the  aryl  group  and  1 

25  to  8  carbon  atoms  in  the  alkyl  group,  or  a  monovalent  group  having  any  of  the  formulae: 

C = H 2 a S i < W   Q - C a H 2 a S i 0 3 - „   or  Q " C « B ^ S i ° ^  

35  wherein  said  groups  are  connected  to  R  through  a  carbon  to  carbon  linkage;  R  is  a  divalent  ortrivalent  aryl 
group  containing  up  to  and  including  10  carbon  atoms;  R'  is  an  alkyl  group  having  1  to  8  carbon  atoms,  a  is 
an  integer  of  from  2  to  4  so  as  to  provide  that  said  aryl  group  is  connected  to  the  silicon  atom  through  at 
least  two  carbon  atoms;  n  is  an  integer  of  from  0  to  2  and  M  is  a  monovalent,  divalent  or  trivalent  cation,  or 
having  the  general  formula 

(MO)  0,  SiRN(CH,CH_N)  R 'R"  
a  j~a  I  *  *  * 

2  R  —  

wherein  R  is  a  divalent  alkylene  radical  of  3  or  4  carbon  atoms;  R'  is  a  monovalent  radical  selected  from 
hydrogen  and  —  (CH2)nS03M;  R"  is  a  monovalent  radical  selected  from  —  (CH2)nS03M  and 

0  
II 

-CCHS03M  ;  R"   •  is   R«  or  R"  . 

CH2COOM 

M  in  all  formulae  is  an  alkali  cation;  n  in  all  formulae  has  a  value  of  1,  2  or  3;  x  has  a  value  of  0  or  1  ;  and  a 
has  an  average  value  of  0  to  3;  and 

(iii)  anionic  siliconates  of  silylorganocarboxylates  having  the  general  formula 

R' 

[ M 1 / a O O C R ] b S i 0 4 _ ( b + c )  

15 
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wherein  M  is  a  cation  that  imparts  water  solubility  to  the  siloxane;  a  is  a  valence  ot  tne  cation  represemea 
by  M  and  has  a  value  of  at  least  one;  R  is  an  unsubstituted  divalent  hydrocarbon  group  or  a  divalent 
hydrocarbon  group  containing  a  M1/aOOC—  group  as  a  substituent;  each  M1/aOOC—  group  is  connected  to 
the  silicon  atom  through  at  least  two  carbon  atoms  of  the  group  represented  by  R;  R'  is  a  monovalent 
hydrocarbon  group;  b  has  a  value  of  from  1  to  3  inclusive;  c  has  a  value  of  from  0  to  2  inclusive;  and  (b  +  c) 
has  a  value  from  1  to  3  inclusive,  or  having  the  general  formulae  (I)  MOSi(CH2)zSR  or  (II)  MOSi(CH2)zNHnRm 
wherein  in  both  formulae,  M  is  selected  from  (i)  alkali  metal  cations  and  (ii)  tetraorganoammonium  cations 
and  z  has  a  value  of  2  or  3,  wherein  in  formula  (I)  R  is  selected  from 

-CH-COOM,  -CH-CH-COOM,  -CHCOOM  and  -CH^HCOOM 2  I  I  I 

wherein  in  formula  (II),  n  has  a  value  of  0  or  1  ;  m  has  a  value  of  1  or  2,  the  sum  of  n  +  m  is  2  and  each  R  is 

independently  selected  from 

-CH2COOM,  -CH2CH2COOM,  -CHCOOM,  -CH2CHCOOM  and  -  (CH2)  2N  (CHCOOM)  2 

CH2COOM  .  CH2COOM 

when  n  is  0  and  m  is  2,  and  R  is  selected  from 

-CHCOOM,  -CH2CHCOOM 

CH2COOM  CH2COOM 

and  (CH2)zNHpR'q  when  n  is  1  and  m  is  1  ,  p  has  a  value  of  0  or  1,  q  has  a  value  of  1  or  2  and  the  sum  of  p  +  q 
is  2  wherein  R'  is  selected  from 

-CHCOOM,  and  -CHjCHCOOM 

:h2coom  CH2uuun 

when  p  is  1  and  q  is  1  and  R'  is  selected  from 

-CH-COOM,  -CH-CH-COOM,  -CHCOOM  and  -CH2CHCOOM 2  I  l  \ 

when  p  is  0  and  q  is  2,  wherein  M  and  z  have  the  same  meaning  as  set  forth  above. 
2.  A  method  according  to  claim  1,  in  which  the  organosilicon  compound  (i)  has  the  formula: 

(NaJOj^  5SiCH2CH2CH2OP-ONa. 
A  

3.  A  method  according  to  claim  1,  in  which  M  in  the  organosilicon  compounds  (ii)  is  a  monovalent 
cation  selected  from  alkali  metal,  ammonium,  hydrogen  and  tetraorganoammonium. 

Patentanspriiche 

1.  Verfahren  zum  Verringern  der  Viskositat  von  Aufschlammungen  von  Teilchen  durch 
(I)  Inberuhrungbringen  der  wassrigen  Teilchen  mit  einer  Organosiliciumverbindung  und 
(II)  intensives  Mischen  der  Organosiliciumverbindung  und  der  Aufschlammung, 

dadurch  gekennzeichnet,  dalS  die  Organosiliciumverbindung  ausgewahlt  ist  aus 

16 
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anionischen  Siliconaten  von  Silylorganophosphaten  der  allgemeinen  Formel 

I 
MOSiROP(0)OM 

0  R'  
I 

in  der  M  unabhangig  ein  aus  Natrium,  Kalium,  Lithium-  und  Rubidiumkationen  ausgewahltes  Alkalikation 

Oder  ein  ^ l a n o a m m o n i u m k a l l o n   ist,  R  ist  ein  zweiwertiger  aliphatischer  K ° h l e ™ ; ^   )  
bis  3  Kohlenstoffatomen  oder  Benzylenrest  und  R'  ist  ein  Kohlenwasserstoffrest  m.t  1  bis  7 

Kohlenstoffatomen,  c„,r»,«i 
(ii)  anionischen  Siliconaten  von  Silylorganosulfonaten  der  allgemeinen  Formel 

I l O j S - R - S i - O j ^  

3 

0 

5 

n  der  M  ein  einwertiges,  zweiwertiges  oder  dre.wertiges  nation  isi,  x  .  o  S  J  u,.u  u . ™  
A  ist  R  ist  eine  hydroxysubstituierte  aliphatische  zweiwertige  Gruppe  m.t  3  bis  18  Kohlenstoffa  omen  und 

ie  Hvdroxysubstituent  ist  an  ein  dem  Kohlenstoffatom  an  das  die  -03S-Gruppe  gebunden  ist, 
S a ^ 3 ^ S h t D m   gebunden,  R'  ist  eine  einwertige  Alkylgruppe  und  a  ist  eine  ganze  Zahl  von 

)  bis  2,  oder  der  allgemeinen  Formel 

K  

" u 3 & K t a & 1 " 4 - a - b  

'0 

in  der  M  ein  einwertiges  aus  Ammonium-,  i  eiraorganoammomum-,  vvaaswoiun  u>>™ 
ausgewahltes  Kation  ist,  R  ist  ein  zweiwertiger  aliphatischer  Kohlenwasserstoffrest,  R'  ist  eine  Alkylgruppe 
mit  1  bis  8  Kohlenstoffatomen  und  a  hat  einen  Mittelwert  von  1  bis  3,  b  hat  einen  Mittelwert  von  0  bis  2,  und 
die  Summe  von  a  und  b  ist  1  bis  3  oder  der  allgemeinen  Formel 

15 
I  I "  

K ° 3 S - R - C a H 2 a S l 0 3 z n  

50  in  der  Z  mindestens  eines  ist  von  emem  wasserstonaiom,  emer  emwemycn  «nvy.y.uH|JC  .......  —  ~ 
Kohlenstoffatomen,  einer  einwertigen  Arylgruppe  oder  alkylsubstituierten  Arylgruppe  mit  bis  zu  10 
Kohlenstoffatomen  in  der  Arylgruppe  und  1  bis  8  Kohlenstoffatomen  in  der  Alkylgruppe  oder  eine 
einwertige  Gruppe  mit  jeder  der  Formeln  ist: 

55 

60 

C a H 2 a S i 0 3 - n !  

4  n  ?3  J n  

3 

wobei  diese  Gruppen  an  n  aurcn  eine  rvonien5iuii-i\umeiioiuiiuiuuu..y 
zweiwertige  oder  dreiwertige  Arylgruppe  die  bis  zu  und  einschiielSlich  10  Kohienstoffatome  aufweist,  R  ist 
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eine  Alkylgruppe  mit  1  bis  8  Kohlenstoffatomen,  a  ist  eine  ganze  Zahl  von  zwei  bis  4,  so  dais  die  Arylgruppe 
mit  einem  Siliciumatom  uber  mindestens  zwei  Kohlenstoffatome  verbunden  ist,  n  ist  eine  ganze  Zahl  von  0 
bis  2  und  M  ist  einwertiges,  zweiwertiges  oder  dreiwertiges  Kation,  oder  geniigt  oder  allgemeinen  Formel 

(MO)  (>3  SiRN  (CH2CH2N)  ^R1  R" 

T   R ' "  

in  der  R  eine  zweiwertige  Alkylengruppe  mit  3  oder  4  Kohlenstoffatomen  ist,  R'  ist  ein  einwertiger  Rest  aus 
Wasserstoff  und  —  (CH2)nS03M  ausgewahlt,  R"  ist  ein  einwertiger  Rest  aus  —  (CH2)nS03M  und 

0  
II 

-CCHSO,M  ; 
I  3 

CH2COOM 

R'"  ist  R'  oder  R",  und  M  ist  in  alien  Formeln  eine  Alkalikation,  n  hat  in  alien  Formeln  den  Wert  1  ,  2  oder  3,  x 
hat  eine  Wert  von  0  oder  1  und  a  hat  einen  Mittelwert  von  0  bis  3  und 

(iii)  anionischen  Siliconaten  von  Silylorganocarboxylaten  der  allgemeinen  Formel 

[ M 1 / a O O C R ] b S i 0 4 , ( b + c )  

in  der  M  ein  dem  Siloxan  Wasserloslichkeit  vermittelndes  Kation  ist,  a  ist  die  Wertigkeit  des  Kations  M  und 
hat  einen  Wert  von  mindestens  1,  R'  ist  ein  unsubstituierter  zweiwertiger  Kohlenwasserstoffrest  oder  ein 
zweiwertiger  Kohlenwasserstoffrest,  der  eine  M1/aOOC-Gruppe  als  Substituent  enthalt,  jede  M1/aOOC- 
Gruppe  ist  mit  dem  Siliciumatom  uber  mindestens  zwei  Kohlenstoffatome  der  Gruppe  R  verbunden,  R'  ist 
ein  einwertiger  Kohlenwasserstoffrest,  b  hat  einen  Wert  von  1  bis  3  einschlielslich,  c  hat  einen  Wert  von  0 
bis  2  einschlielslich,  und  (b  +  c)  hat  einen  Wert  von  1  bis  3  einschlielslich  oder  der  allgemeinen  Formel  (I) 
MOSi(CH2)zSR  oder  (II)  MOSi(CH2)zNH„Rm,  wobei  in  beiden  Formeln  M  aus  (i)  Alkalikationen  und  (ii) 
Tetraorganoammonium  Kationen  ausgewahlt  ist  z  einen  Wert  von  2  oder  3  hat,  wobei  in  der  Formel  (I)  R 
ausgewahlt  ist  aus 

-CH-COOM,  -CH-  CH-COOM,  -CHCOOM  und  -CH-CHCOOM 2  '  2  2  |  2  1 
CH2COOM  CH2COOM 

wobei  in  Formel  (II)  n  einen  Wert  von  0  oder  1  hat,  m  einen  Wert  von  1  oder  2  hat,  die  Summe  von  n  +  m l  
ist  und  jedes  R  unabhangig  ausgewahlt  ist  aus 

-CHCOOM,  -CH2CH2COOM,  -CHCOOM,  -CH2CHCOOM  und  -  (CH2)  2N  (O^COOM)  2 

CH2COOM  .  CH2COOM 

wenn  n  0  und  m  2  ist,  R  ausgewahlt  ist  aus 

-CHCOOM,  -CH2  CHCOOM 

CH2COOM  CH2COOM 

und  (CH2)zNHpR'q  wenn  n  1  und  m  1  ist,  p  einen  Wert  von  0  oder  1  hat,  q  einen  Wert  von  1  oder  2  hat  und  die 
Summe  von  p  +  q  2  ist,  wobei  R'  ausgewahlt  ist  aus 

18 
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-CHCOOM,  und  -CH2CHCOOM 

CH2COOM  CH2COOM 

wenn  p  1  und  q  1  ist  und  R'  ausgewahlt  ist  aus 

-CH-COOM,  -CH2CH2COOM,  -CHCOOM  und  
-CH^HCOOM 

CH2COOM  CH2COOM 

wenn  p  0  ist  und  q  2  ist,  wobei  M  und  z  die  gleiche  Bedeutung  haben  wie  zuvor  angegeben. 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  die  Organosiliciumverbindung  (i)  die 

75  Formel  aufweist 
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3.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daS  M  in  der  Organosiliciumverbindung  (ii) 
25  ein  einwertiges  Kation  ist  ausfgewahlt  aus  Alkali,  Ammonium,  Wasserstoff  und  Tetraorganoammonium. 

Revendications 

1.  Un  procede  pour  reduire  la  viscosite  de  suspensions  ou  bouillies  de  particules,  lequel  procede 
30  consiste 

(I)  a  mettre  une  suspension  aqueuse  de  parti.cules  au  contact  d'un  compose  organosilicie,  et 
(II)  a  melanger  intimement  le  compose  organosilicie  et  la  suspension 

caracterise  en  ce  que  le  compose  organosilicie  est  choisi  parmi 
(i)  les  siliconates  anioniques  de  silylorganophosphonates  repondant  a  la  formule  generale 

35 
I 
0  
I 

MOSiROP(0)OM 
I  I 
0  R* 
I 

dans  laquelle  M  est  independamment  un  cation  metal  alcalin  choisi  parmi  les  cations  sodium,  potassium, 
45  lithium  et  rubidium  ou  les  cations  tetraorganoammonium;  R  est  un  radical  hydrocarbone  aliphatique 

divalent  contenant  1  a  3  atomes  de  carbone  ou  le  radical  benzylene,  et  R'  est  un  radical  hydrocarbone  de  1  a 
7  atomes  de  carbone; 

(ii)  les  siliconates  anioniques  de  silylorganosulfonates  repondant  a  la  formule  generale 

K  

M [ 0 3 S - R - S i - 0 3 _ a ] x  

dans  laquelle  M  est  un  cation  monovalent,  divalent  ou  trivalent;  x  vaut  de  1  a  3  et  est  egal  a  la  valence  de  M; 
R  est  un  groupe  aliphatique  divalent  a  substituant  hydroxyle  contenant  3  a  18  atomes  de  carbone,  et  ledit 
substituant  hydroxyle  est  lie  a  un  atome  de  carbone  voisin  de  I'atome  de  carbone  auquel  est  lie  le  groupe 

60  —  03S—  ;  R'  est  un  groupe  alkyle  monovalent  et  a  est  un  nombre  entier  de  0  a  2,  ou  repondant  a  la  formule 
generale 
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dans  laquelle  M  est  un  cation  monovalent  choisi  parmi  les  cations  ammonium,  tetraorganoammonium, 
hydrogene  et  metal  alcalin;  R  est  un  radical  hydrocarbone  aliphatique  divalent;  R'  est  un  radical  alkyle  de  1 
a  8  atomes  de  carbone  et  la  valeur  moyenne  de  a  est  de  1  a  3,  la  valeur  moyenne  de  b  est  de  0  a  2  et  la 
somme  a  +  b  est  de  1  a  3,  ou  repondant  a  la  formule  generale 

Z  R 
i  r  

M 0 3 S - R - C a H 2 a S i 0 3 _ n  

2 

dans  laquelle  Z  est  au  moins  I'un  de  un  atome  d'hydrogene,  un  groupe  alkyle  monovalent  ayant  1  a  8 
atomes  de  carbone,  un  groupe  aryle  monovalent  ou  un  groupe  aryle  a  substituant  alkyle  ayant  jusqu'a  10 
atomes  de  carbone  dans  le  groupe  aryle  et  1  a  8  atomes  de  carbone  dans  le  groupe  alkyle,  ou  un  groupe 
monovalent  de  I'une  quelconque  des  formules: 

SO..M 

ou  lesdits  groupes  sont  relies  a  R  par  une  liaison  carbone-carbone;  R  est  un  groupe  aryle  divalent  ou 
trivalent  contenant  jusqu'a  10  atomes  de  carbone  inclusivement;  R'  est  un  groupe  alkyle  ayant  1  a  8  atomes 
de  carbone,  a  est  un  nombre  entier  de  2  a  4  pour  assurer  que  ledit  groupe  aryle  soit  relie  a  I'atome  de 
silicium  par  I'intermediaire  d'au  moins  deux  atomes  de  carbone;  n  est  un  nombre  entier  de  0  a  2  et  M  est  un 
cation  monovalent,  divalent  ou  trivalent,  ou  repondant  a  la  formule  generale 

(MO)  a03_aSiRN  (CH2CH2N)  ^R*  R" 

dans  laquelle  R  est  un  radical  alkylene  divalent  de  3  ou  4  atomes  de  carbone;  R'  est  un  radical  monovalent 
choisi  parmi  I'hydrogene  et—  (CH2)nS03M;  R"  est  un  radical  monovalent  choisi  parmi  —  (CH2)nS03M  et 

0  
II 

-CCHS03M  ;  R'  '  •  est  R«  or  R"  . 

CH-COOM 

dans  toutes  les  formules,  M  est  un  cation  metal  alcalin;  dans  toutes  les  formules,  la  valeur  de  n  est  de  1,  2 
ou  3;  la  valeur  de  x  est  de  0  ou  1  ;  et  la  valeur  moyenne  de  a  est  de  0  a  3;  et 

(iii)  les  siliconates  anioniques  de  siiylorganocarbonates  repondant  a  la  formule  generale 

R' 

[ M l / a O O C R l b 5 i 0 4 - ( b - H :  
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ans  laquelle  M  est  un  cation  qui  confere  de  la  solubilite  dans  I'eau  au  siloxane;  a  est  la  valence  du  cation 
spresente  par  M  et  sa  valeur  est  d'au  moins  un;  R  est  un  groupe  hydrocarbone  divalent  non  substitue  ou 
i  groupe  hydrocarbone  divalent  contenant  un  groupe  M1/aOOC—  comme  substituant;  chaque  groupe 
l1/aOOC—  est  relie  a  I'atome  de  silicium  par  I'intermediaire  d'au  moins  deux  atomes  de  carbone  du 

•oupe  represents  par  R;  R'  est  un  groupe  hydrocarbone  monovalent;  la  valeur  de  b  est  de  1  a  3 
clusivement;  la  valeur  de  c  est  de  0  a  2  inclusivement;  et  la  valeur  de  (b  +  c)  est  de  1  a  3  inclusivement,  ou 
spondant  aux  formules  generates  (I)  MOSi(CH2)zSR  ou  (II)  MOSi(CH2)zNHnRm,  dans  lesquelles,  dans  ces 
3ux  formules,  M  est  choisi  parmi  (i)  les  cations  de  metaux  alcalins  et  (ii)  les  cations 
itraorganoammonium  et  la  valeur  de  z  est  de  2  ou  3,  dans  la  formule  (I),  R  est  choisi  parmi 

-CHCOOM,  -CH2CH2COOM,  -CHCOOM  et  
-CH^HCOOM 

CH2COOM  CH2COOM 

t  dans  la  formule  (II),  la  valeur  de  n  est  de  0  ou  1  ,  la  valeur  de  m  est  de  1  ou  2,  la  somme  n  +  m  est  egale  a  2 

t  chaque  R  est  choisi  independamment  parmi 

-CH2COOM,  -CH2CH2COOM,  -CHCOOM,  -CH2CHCOOM  et  -  (CH2  )  2N  (CHCOOM)  2 

CH2COOM  .  CH2COOM 

>rsque  n  est  0  et  m  est  2,  et  R  est  choisi  parmi 

-CHCOOM,  -CH_  CHCOOM 
I  2I 

it  (CH2)zNHpR'q  lorsque  n  est  1  et  m  est  1,  la  valeur  de  p  est  0  ou  1,  la  valeur  de  q  est  1  ou  2  et  la  somme  p  + 

1  est  egale  a  2,  R'  est  choisi  parmi 

-CHCOOM,  et  -CH-  CHCOOM 
I  2I  

orsque  p  est  1  et  q  est  1  et  R'  est  choisi  parmi 

-CH^COOM,  -CH-CH-COOM,  -CHCOOM  et  -CH^HCOOM 
2  z  z 

lorsque  p  est  0  et  q  est  2,  ou  M  et  z  ont  les  memes  significations  qu'enonce  ci-dessus. 
2.  Un  procede  selon  la  revendication  1,  dans  lequel  le  compose  organosilicie  (i)  repond  a  la  formule 

CH3 

3.  Un  procede  selon  la  revendication  1,  dans  lequel  m,  aans  les  c o m p o s   '  „7,  " 
cation  monovalent  choisi  parmi  un  metal  alcalin,  I'ammonium,  I'hydrogene  et  un  tetraorganoammonium. 
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