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This  invention  pe r t a ins   to  compositions  f o r  

use  as  corrosion  inh ib i to rs   in  acid  c leaning,   acid  p i c k l -  

ing  and  s imi lar   acid  treatments  of  metal.  In  p a r t i c u -  

la r ,   th is   invention  per ta ins   to  a  s y n e r g i s t i c   combina- 

tion  of  organic  s u l f u r - c o n t a i n i n g   compounds  which  t o -  

gether  can  be  e f f ec t i ve ly   u t i l i z e d   as  an  addi t ive   t o  

ac id  c l ean ing   so lu t ions ,   p a r t i c u l a r l y ,   those  u t i l i z i n g  

hydrochlor ic   acid  and  a  copper complexing  t h i o u r e a  

for  cleaning  i ndus t r i a l   systems  subject   to  accumula- 

t ions  of  Mater- insoluble   deposi ts   on  the  metal  s u r f a c e s .  

Acid  cleaning  opera t ions   are  commonly  em- 

ployed  to  remove  adhering  substances  such  as  m i l l  

scale  and  fly  ash  from  the  inner  surface  of  v e s s e l s ,  

tubes  and  r e la ted   i ndus t r i a l   process ing  equipment ,  

p a r t i c u l a r l y ,   where  such  equipment  is  f ab r i ca t ed   from 

ferrous  metals.   In  service  equipment  for  aqueous  pro-  

cess ing,   espec ia l ly   at  high  t empera tures ,   tends  t o  

build  up  insoluble  deposits  which  require   p e r i o d i c  

remoeal.  In  such  cases,  acid  cleaning  is  used  for  



example  to  remove  lime  deposits   or  water  scale  from 

power  plant   boi lers   and  piping  systems  and  from 

evaporat ing  equipment  as  well  as  to  remove  s c a l e  

and  depos i t s   from  processing  equipment  in  such  p l a n t s  

as  r e f i n e r i e s ,   u t i l i t y   companies,  paper  mil ls ,   chemi- 

cal  p lants   and  s imilar   i n d u s t r i a l   operat ions.   S ince  

the  acid  tends  to  remove  a  port ion  of  the  basis  me ta l  

with  each  c leaning,   the  use  of  i nh ib i to r s   to  reduce 

basis  metal  loss  in  acid  cleaning  can  s u b s t a n t i a l l y   ex-  

tend  the  l i fe   of  such  i n d u s t r i a l   equipment. 

Similar  acid  cleaning  solut ions  are  a l s o  

used  in  acid  pickl ing  for  the  removal  of  u n d e s i r a b l e  

oxide  coat ings  from  m e t a l s , u s u a l l y   ferrous  m e t a l s , b e -  

fore  sub jec t ing   them  to  fur ther   t reatments   such  as 

phosphate  coating,   enameling,  e l e c t r o p l a t i n g   and  t h e  

l i k e .  

Among  the  acids  genera l ly   used  for  i ndus -  

t r i a l   cleaning  the  inorganic   acids ,   p a r t i c u l a r l y ,  

the  mineral  acids  such  as  hydrochlor ic ,   s u l f u r i c ,   n i t r i c ,  

and  phosphoric  acid  are  most  f requent ly   used,  though 

others   are  also  used  depending  upon  the  p a r t i c u l a r  

needs.  In  s t i l l   other  cases,  organic  acids  i n c l u d i n g  

formic  acid,  c i t r i c   acid-,  mixtures  of  hydroxy  a c e t i c  

and  formic  acids,   and  acet ic   acid  and  other  o rgan i c  

acids,   such  as,  oxalic  acid,   t a r t a r i c   acid  and  a l k y -  

1'ene  polyamine  carboxyl ic   acids  as  well  as  water  s o l u b l e  

sa l t s   and  mixes  of  acids  and  sa l ts   are  used.  

Perhaps  the  most  widely  used  acid  f o r  

chenical   cleaning  is  hydrochlor ic   acid,  p a r t i c u l a r l y ,  

when  used  for  the  removal  of  scales  and  other  unwanted 

deposi ts   from  steam  generat ing  equipment  and  from 

chemical  and  petrochemical  react ion  v e s s e l s .  



Hydrochloric  acid  solut ions   are  also  used 

in  oil  well  ac idiz ing  wherein  large  quan t i t i e s   a re  

pumped  at  high  rates  of  flow  through  the  oil  wel l  

into  the  oil  producing  formation.  The  acid  concen- 

t r a t i ons   are  usually  high,  in  the  order  of  10%  to  15% 

by  weight  and  the  temperatures  at  the  bottom  of  the  

wel l  a re   also  high  creat ing  s i t ua t i ons   for  severe  

corrosion  of  the  oil  well  tubing  by  the  at tack  of  the  

hydrochlor ic   acid  on  the  meta l .  

In  order  to  reduce  or  prevent  loss  of  

metal  from  i n d u s t r i a l   equipment  in  i n d u s t r i a l   c l e an -  

ing  opera t ions   and  in  oil  well  ac id iz ing  and  s i m i l a r  

operations  and  to  prevent  loss  of  metal  in  p i c k l i n g  

operat ions   where  acid  treatments  are  used  to  remove 

undesi rable   processing  scale  and  oxide  coat ings ,   ac id  

i nh ib i to r s   are  extensively   used  as  addi t ives   to  the  

cleaning,   ac idiz ing  or  pickl ing  so lu t ions   employed 

in  these  opera t ions .   Over  the  years,  a  wide  v a r i e t y  

of  i nh ib i t o r s   have  been  developed  and  s e l ec t ion   of  

a  p a r t i c u l a r   i nh ib i t o r   will  vary  according  to  the  type 

of  acid   used  in  the  operat ion,   the  p a r t i c u l a r   meta l  

subs t ra te   and  other  cons idera t ions .   Mixtures  o f  

i nh ib i to r s   have  also  found  considerable   i n t e r e s t  

among  those  employing  acid  t reatments  for  metal  c l ean -  

ing  and  the  l ike,   p a r t i c u l a r l y ,   i nh ib i to r s   which 

in combinat ion  produce  an  apparent  s y n e r g i s t i c  

e f f e c t .  

However,  the  complexity  of  the  i n h i b i t i o n  

phenomena  is  such  that  there  are  no  p a r t i c u l a r   c r i -  

ter ia   by  which  one  can  predict   the  i nh ib i t ing   power 

or  degree  of  inh ib i t ion   that  can  be  achieved  with  any 

p a r t i c u l a r   i nh ib i to r   or  combination  under  p a r t i c u l a r  



circumstances  and  in  some  ins tance ,   a comtinal  on  of 

i n h i b i t o r s   may  resul t   in  a  decrease  in  .the  i n h i b i t i n g  

s t r e n g t h .  

Where  i nh ib i t o r s   are  involved  in  p r o t e c t -  

ing  metals  in  the  presence  of  acids,   the  metai  i n -  

volved  is  general ly  one  of  the  various  s teel   a l l o y s .  

Other  metals  are  occas iona l ly   invoived,  p a r t i c u l a r l y ,  

in  the  case  of  valves  and  f i t t i n g s .   Among  the  o t h e r  

metals  that  are  involved  are  copper.  aluminum,  n i c k e l ,  

and  nickel  alloys  and  some  of  the  exotic  metals  such 

as  t i tanium,  zirconium  and  tantalum.  Generally,   how- 

ever,  work  with  inh ib i ted   acids  in  i ndus t r i a l   s i t u a -  

tions  involves  working  with  s tee l   and,  to  a  very 

large  extent ,   carbon  steel  or  mild  s t e e l .  

DESCRIPTION  OF  THE  PRIOR  ART 

The  art  recognizes  a  va r ie ty   of  m a t e r i a l s  

used  as  i n h i b i t o r s .   Some  of  the  e a r l i e s t   i n h i b i t o r  

systems  used  were  inorganic  mate r ia l s   though  in  r e c e n t  

years  the  trend  has  been  t o  u t i l i z e   organic  compounds. 

There  does  not  appear  tc  be  any  recognized  basis  f o r  

c o r r e l a t i n g   chemical  s t ruc tu re   to  i nh ib i t i ng   s t r e n g t h  

but  a  number  of  su i t ab le   i n h i b i t o r s   have  been  found 

general ly   among  the  organic  amines  and  the  o rgan ic  

thio  compounds  and  these  appear  to  be  predominant  i n  

use.  The  ni trogen  conta in ing  compounds  or  amines  have 

been  found  to  be  p a r t i c u l a r l y   e f f ec t i ve   as  i n h i b i t o r s  

in  hydrochloric   acid;  though  ce r ta in   thio  compounds  o r  

sulfur   containing  compounds  have  also  been  found 

to  be  of  value.  The  thio  compounds,  however,  tend  to  

be  used  more  f requent ly  in  conjunct ion  with  s u l f u r i c  

a c i d .  

Among  the  thio  compounds,  the  t h i o u r e a s  



are  weii  xnown  as  inn io i rors   ana  components  or  i n n i o i t o r s  

for  many  acid  systems  but  they  are  not  general ly  s a t -  

i s f a c t o r y  f o r   organic  acids  unless  blended  with  o rgan ic  

bases.  See  for  example  U.  S.  Patent  Nos.  2 ,403 ,153;  

2 ,807,585;  and  2,561,510.  However,  the  ni t rogen  bases  

used  in  producing  i nh ib i to r   blends  might  be  o b j e c t i o n -  

able  at  t imes,  p a r t i c u l a r l y ,   because  of  the i r   tendency 

t6  form  undes i rab le   deposits  on  the  metal  s u r f a c e .  

It  is  also  well  known  that  urea  d e r i v a t i v e s ,  

p a r t i c u l a r l y   th iourea   and  a  number  of  s u b s t i t u t e d  

thioureas   and  thiourea  de r iva t ives ,   are  useful   for  r e -  

moving  me ta l l i c   copper  from  scale  components  when 

used  in  hydrochlor ic   acid  solut ions .   The  t h i o u r e a s  

when  used  with  acid  cleaning  solut ions  prevent  the  

r edepos i t i on   of  copper  dissolved  from  boi le r   s c a l e  

and  the  l ike.   However,  when  thiourea  is  used  in  t h i s  

way  for  scale  and  copper  removal,  the  acid  is  e x c e s s i v e l y  

corrosive  to  the  basis  metal  or  s t ee l .   It  has  even 

been  shown  that   under  cer ta in   condi t ions ,   t h i o u r e a  

is  ac tua l ly   an  acce le ra to r   of  corrosion  in  acid  s o l u -  

t ions .   This  is  p a r t i c u l a r l y   true  in  the  case  of  hydro- 

chlor ic   acid  solutions-.  For  this  reason,  e x t e n s i v e  

e f fo r t s   have  been  directed  to  i nves t i ga t i ng   s u i t a b l e  

i n h i b i t o r s   for  hydrochloric   acid,  p a r t i c u l a r l y   when 

used  with  a  th iourea  copper-complexing  agent.  Among 

the  i n h i b i t o r s   suggested  for  use  with  a c i d / t h i o u r e a  

cleaning  so lu t ions ,   U.  S.  Patent  No.  2,959,555  s t a t e s  

that  the  organic  ni t rogen  type  are  p r e f e r r e d .  

Triphenylsulfonium  chloride  is  also  known 

as  an  i n h i b i t o r   and  as  a  component  of  i n h i b i t o r s  

for  s u l f u r i c ,   phosphoric,  hydrochlor ic ,   s u l f a m i c ,  

hydro f luor i c ,   and  f l u o s i l i c i c   acids  among  o t h e r s .  



(See  for  example  U.  S.  Patent  No.  2,941,949).   Th i s  

i n h i b i t o r ,   however,  is  more  e f fec t ive   when  combined 

with  other  appropr ia te   inh ib i to r s   and  combinat ions  

with  organic  amines-and  propargyl  alcohol  are  known, 

among  o t h e r s .  

Certain  d i thiocarbamate   sa l t s   and  e s t e r s  

have  a lso   been  previously   disclosed  for  use  as  i n h i -  

b i to rs   though  the  d i t h ioca rbama te s  a r e   not  u t i l i z e d  

as  a c i d  i n h i b i t o r s   and  are  not  known  to  be  e f f e c t i v e  

i n h i b i t o r s   in  hydrochlor ic   a c i d / t h i o u r e a   c l e a n i n g  

so lu t ions ;   nor  a re - the   di thiocarbamates   general ly   con-  

sidered  for  use  in  combinat ion with  other  i n h i b i t o r s  

p a r t i c u l a r l y   sulfonium  sal ts   and  th ioureas .   U.  S. 

Patent  No.  2,723,232  which  d isc loses   the  use  o f  

d i th iocarbamate   sa l t s   as  i nh ib i to r s   in  cer ta in   en-  - 

vironments  also  s t a tes   that  t he  d i th ioca rbamic   a c id  

sa l t s   function  in  a   corrosive  environment  in  which 

d i r ec t   acid  at tack  upon  t h e  f e r r o u s   metal  is  a  minor 

fac tor .   Thus,  the  d i th iocarbamates   appear  as  u n l i k e l y  

candidates   f o r  i n h i b i t o r   blends  in  i n d u s t r i a l   a c i d  

c l e a n i n g .  

Though  it  is  common  p rac t i ce   to  b l end  

twa,  three  or  more  known  i nh ib i to r s   in  an  e f fo r t   to  

provide  acid  i n h i b i t i o n   su i tab le   to  spec i f i c   c o n d i t i o n s ,  

the  ins tances   where  such  blends  produce  an  i n h i b i t o r  

combination  of  unexpectedly enhanced  i n h i b i t i o n   s t r e n g t h  

are  rare.  Nonetheless,   the  phenomena  of  synergism 

has  long  been  recognized  in  the  use  of  i n h i b i t o r s   i n  

acid  so lu t ions   and  syne rg i s t i c   combinations  are  an 

important  tool  in  development  of  acid  i n h i b i t o r s   f o r  

spec ia l i zed   uses.  Those  few  syne rg i s i t c   combina t ions  

which  are  known  generally  involve  an  aminc  as  one  o f  

the  e s sen t i a l   components.  One  of  the  e a r l i e s t   known 



examples  of  synergism  in  acid  i n h i b i t o r s ,   is  the  amine!  

thiourea  combination.  When  used  in  su l fur ic   acid  as 

a  pickl ing  i n h i b i t o r ,   amines  are  not  e f fec t ive   and 

thioureas   have  only  moderate  value.  However,  the  com- 

binat ion  of  amines  and  th ioureas   produces  an  e f f e c t i v e  

i n h i b i t o r   combination  for  su l fu r i c   acid  p i c k l i n g .  

Another  instance in  which  an  amine  is  e s s e n t i a l   is  the  

combination  of  ace ty len ic   alcohols  and  ni t rogen  com- 

pounds  in  hydrochlor ic   acid.  Both  i nh ib i to r s   are  only  

reasonably  e f fec t ive   when  used  alone,  but  t o g e t h e r  

they  provide an  excel lent   i n h i b i t o r .   S t i l l   ano ther  

example  of  a  s y n e r g i s i t c   combination  also  invo lv ing  

an  amine  can  be  found  in  U.  S.  Patent  No.  3 ,382,179 

wherein  an  ace ty lenic   compound,  an  amine  and  naphthen ic  

acid  are  combined  to  provide  a  syne rg i s t i c   combina- 

tion.  The  sulfonium compounds have  also  been  f r e q u e n t l y  

used  in  i nh ib i to r   blends  with  propargyl  alcohol  or 

amines  though  not  as  a  component  of  a  syne rg i s t i c   com- 

binat ion  involving  two  or  more  thio  compounds  as  an 

i nh ib i t o r   for  hydrochloric   a c i d s .  

The  excessive  loss  of  basis  metal  exper-  

ienced  when  thiourea  or  a  thiourea  de r iva t ive   is  used  as 

a  copper  complexing  agent  in  hydrochloric   acid  c l ean -  

ing  solut ions   for  removing  water  scale  from  b o i l e r s ,  

evaporators  and  the  l ike,   notwi ths tanding  the  p resence  

of  known  acid  i nh ib i to r s   has  become  a  severe  problem 

as  the  cos t   of  replacing  equipment  has  escala ted .   A 

new  inh ib i to r   or  s i g n i f i c a n t l y   more  e f fec t ive   combi- 

nation  is  much  needed.  The  metal  loss  exper ienced 

with  the  best  current ly   avai lable   i n h i b i t o r s ,   i nc lud -  

ing  known  inh ib i to r   combinations,  used  for  i n d u s t r i a l  

cleaning  with  hydrochloric  acid  and  thiourea  is  on 



the  order  of  0.01  1L.  per  square  foot  of  surface  i n  

24  hours  of  expo: j re .   The  indus t ry   goal  has  been 

set  at  less  than  0.005  lbs/sq  ft/24  hours .  

Accordingly,  it  is  an  object  of  t h i s  

invent ion  to  provide  an  acid  cleaning  s o l u t i o n  

with  increased  i nh ib i t ing   s t rength   thereby  r educ ing  

the  loss  of  basis  metal  during  scale  removal  a n d  

c l e a n i n g   opera t ions .   Another  object  o f  t h i s   inven-  

tion  is  to  provide  novel  acid  i n h i b i t o r   combina- 

tions  of  g rea te r   i n h i b i t i n g   power  than  could  be 

achieved  he re to fo re .   It  is  a  fu r ther   object  o f  

this   invent ion  to  provide  i nh ib i t o r   combinations  which 

when  used  in  hydrochlor ic   acid  cleaning  with  a 

urea  de rv i a t i ve   provide  a  s u b s t a n t i a l   reduction  in  

metal  loss.   S t i l l   other  objects   and  advantages  w i l l  

be  apparent  from  the  desc r ip t ion   o f ' the   i n v e n t i o n  

which  f o l l o w s .  

SUMMARY  OF  THE  INVENTION 

This  invention  provides  a  novel  acid  i n -  

h i b i t o r   combination  which  i s  p a r t i c u l a r l y   u s e f u l  

for  chemical  cleaning  with  so lu t ions   of  h y d r o c h l o r i c  

acid  and  th iourea .   The  combination  comprises  a 

sulfonium  sa l t   p referably   t r iphenylsu l fon ium  c h l o r i d e  

and  a  d i th iocarbamate   p re fe rab ly   benzyl-N-methyl  

d i th iocarbamate   in  a  p refer red   ra t io   of  about  1  p a r t  

by  weight  of  benzyl-N-methyl  d i thiocarbamate  for  each 

2  to  3  parts  by  weight  of  t r ipheny l su l fon ium  c h l o r i d e .  

DESCRIPTION OF  THE  PREFERRED  EMBODIMENTS 

In  accordance  with  this   invention,   it  has 

been  found  that  a  combination  of:  (A)  an  acid  i n h i -  



bitor   of  the  sulfonium  snit  type  and  (B)  a  d i t h i o c a r -  

bamic  acid  or  der ivat ive   thereof  such  as  an  ester  or  

sal t   of  di thiocarbamic  acid  has  unusually  high  i n h i -  

b i t ing  s t rength   in  hydrochloric   acid  cleaning  so lu-  

tions  containing  a  urea  de r iva t ive   as  a  copper  com- 

plexing  agent.  As  will  be  more  ful ly  described  below, 

the  two  component  acid  i nh ib i to r   combination  can  be 

provided  as  a  single  s table   composition  and  it  is  t o  

be  understood  that  whenever  reference  is  made  to  the  

composit ion,   the  r e su l t s   can  be  achieved  by  adding 

the  two  components  separa te ly   or  as  a  combination 

along  with  other  addi t ives .   The  combination  has 

been  found  to  be  p a r t i c u l a r l y   e f f ec t i ve   where  the  

use  of  th iourea  or  a  thiourea  de r iva t ive   is  a  necessa ry  

addi t ive   for  hydrochloric   acid  cleaning  even  though 

it  may  increase  the  sever i ty   of  a t tack  on  the  b a s i s  

metal  which  is  usually  mild  s t ee l ,   i .e .   carbon  s t e e l .  

Thus,  as  one  embodiment,  the  invention  can  be  viewed 

as  comprising  a  three  component  i nh ib i t o r   composit inn 

in  which  the  third  component  is  thiourea  or  a  sub- 

s t i t u t e d   thiourea  or  thiourea  d e r i v a t i v e .  

As  the  e s sen t i a l   sulfonium  sal t   compo- 

nent  of  the  composition  of  this  invent ion  t h e r e  

can  be  u t i l i z e d   any  of  the  well  known  sulfonium  i n h i -  

bi tor   compounds  p a r t i c u l a r l y   those  of  the  formula: 

wherein  R1,  R2,  and  R  are  each  a  hydrocarbon  r a d i -  

cal,  such  as  for  example,  those  selected  from  the  

group  consis t ing   of  alkyl,   aryl  and  aralkyl  and  a l k a r y l ,  

wherein  X  is  an  acid  anion,  p re fe rab ly   an  anion  o f  



a  strong  mineral  acid.  Formula  I  above  includes  w i t h i n  

its  scope  compounds  wherein  the  R1,  R  and  R  r a d i c a l s  

may  be  the  same  or  d i f f e r e n t .  

Formula  I  above  includes  also  compounds 

wherein  one  or  more  of  the  R1,  R2,  and  R  r ad ica l s   con- 

tain  one  or  more  of  the  same  or  d i f f e r en t   s u b s t i t u e n t s  

examples  of  which  include  hydroxy,  amino,  halo-  and 

alkyl  g roups .  

Examples  of  the  rad ica l s   R1,  R2  and  R3 

of  Formula  I  above  are  methyl,  e thyl ,   propyl,   n o n y l ,  

dodecyl,  i sobu ty l ,   phenyl,  hydroxy-phenyl,  dodecyl  

phenyl,  benzyl  and  4-hydroxy-3,5-dimethylphenyl .   I t  

is  p re fe r red   that  at  least   one  of  R1,  R  and  R  

rad ica l s   be  aryl  or  aralkyl   and  most  p re fe rab ly ,   each 

of  said  r ad ica l s   is  aryl,   such  as  for  example  pheny l  

or  p - c h l o r o p h e n y l .  

Examples  of  X,  the  acid  anion,  in  Formula 

I  above,  are  ch lor ide ,   bromide,  iodide  and  s u l f a t e ,  

the  f i r s t   mentioned  being  p r e f e r r e d .  

Sulfonium  sa l t s   and  methods  for  t h e i r  

p repara t ion   are  known.  For  example,  they  can  be 

prepared  by  the  react ion  of  an  aromatic  hydrocarbon 

with  a  sul fur   monohalide  in  the  presence  of  anhy- 

drous  aluminum  chloride  and  a  ha logen .  

If  des i red,   a  sulfonium  sa l t ,   other  than  

hal ide,   can  be  used.  Salts  such  as  the  aceta te   can 

be  r ead i ly   obtained  from  the  hal ides  by  s imply 

passing  an  aqueous  solut ion  of  the  avai lable   sul fonium 

sal t   usually  the  chlor ide ,   for  example  a  50%  s o l u -  

tion  of  t r iphenylsu l fonium  chlor ide ,   through  an 

appropr ia te   ion  exchange  medium.  Thus,  the  a c e t a t e  

can  be  readi ly   obtained  by  using  a  strong  base  r e s i n -  

such  as  Rohm  and  Haas  IRA  400. 



The  other  e s sen t i a l   component  of  the  in -  
h ib i to r   combination  is  a  di thiocarbamic  acid  d e r i v a t i v e  
of  the  formula: 

wherein  R1,  R2  and  R3  are  each  hydrogen  or  a  hydroca r -  
bon  radical   such  as  for  example  alkyl,   alkenyl,   a l k y n y l ,  
aryl ,   a lkaryl ,   a ra lkyl ,   or  a  cycl ic ,   polycycl ic   or  h e t e r -  
ocyclic  group.  M(+)n  represents   a  metal  cation  p r e f e r a b l y  
an  a lka l i   metal,  e.g.  sodium  or  potassium,  an  ammonium 
or  a  heavy  metal  multi  valent  cation  such  as  lead,  z i n c ,  
cadmium,  antimony  and  the  like  in  which  case  a  s i n g l e  
cation  is  associated  with  two  anion  moiet ies ,   n  is  1  t o  
3.  One  of  RZ or  R3  in  Formula  II-b  above  may  also  be  a 
d i th iocarboxyl   alkyl  group  in  which  case  the  d i t h i o c a r b a m i c  
acid  salt   is  an  alkylene  b i s -d i th ioca rbamate   p r e f e r a b l y  
the  alkylene  moiety  is  lower  alkylene,   e.g.  methylene,  - 
ethylene  or  propylene.  Also  included  within  the  scope 
of  the  Formula  II  are  compounds  wherein  the  r a d i c a l s  
R1,  R  and  R  contain  one  or  more  of  the  same  or  d i f f e r e n t  
s u b s t i t u e n t s ,   examples  of  which  include  hydroxy,  amino, 
halo-  and  alkyl  groups.  Examples  of  the  rad ica ls   R1, 
R2 and  R3 are  methyl,  ethyl,   i sopropyl ,   o c t a d e c y l ,  
dodecyl,  decenyl,  benzyl,  phenyl,  naphthyl,   c y c l o p e n t y l ,  
cyclohexyl,   t h i azo ly l ,   ab ie ty l ,   pyr idyl ,   quinolyl ,   the  
group  ( - C H 2 -  C H 2 -  - R 4 )  w h e r e i n   R4  is  alkyl,   aryl  or  

a lkaryl   preferably  lower  a l k y l .  
The  preferred   di thiocarbamic  acid  compo- 

nents  are  the  N-subs t i tu ted   e s t e r s ,   p a r t i c u l a r l y ,   t he  
alkyl  or  aralkyl  es ters   of  N-alkyl  and  N,N-dialkyl  d i -  
thiocarbamic  acid  p re fe rab ly   benzyl-N-methyl  d i t h i o -  
carbamate .  

The  di thiocarbamic  acid  de r iva t ives   s u i t a b l e  
for  use  as  the  di thiocarbamate  component  of  the  i n h i b i t o r  
composition  are  known  mater ia ls   which  are  e i ther   a v a i l a b l e  
commercially  or  can  be  prepared  in  accordance  wi th  
procedures  known  in  the  l i t e r a t u r e .  



The  th ioureas   with  which  the  i n h i b i t o r  

combination  of  this  invention  is  e f fec t ive   are  t h o s e  

which  have  been  found  useful  in  acid  cleaning  of  

i n d u s t r i a l   equipment,  such  as,  boi lers   and  p a r t i c u -  

lar ly   those  which  function  as  copper  complexing 

agents.  The  th iourea   compounds  used  for  this  pu r -  

pose  can  be  represen ted   by  the  following  formula:  

wherein  R1,  R2,  R3  and  R4 are each  hydrogen,  a l k y l ,  

a ra lkyl ,   h e t e r o c y c l i c ,   or  aryl  groups  and  may  be  t he  

same  or  d i f f e r e n t .   These  groups  can  in  turn  be  sub- 

s t i t u t e d   by  such  funct ional   groups  as  h a l o g e n ,  a m i n o ,  

hydroxy,  or  common  r ad ica l s   containing  n i t rogen,   oxy- 

gen  or  su l fu r .   Sui table   thioureas  of  F o r m u l a  I I I  

are  for  example:  th iourea ,   1-methyl th iourea ,   1 , 3 - d i -  

e t h y l t h i o u r e a ,   1 -phenyl th iourea ,   1-phenyl-3(2  hydroxy- 

ethyl)   th iourea ,   methylo l th iourea   and  the  l i k e .  

The  th ioureas   are  usual ly  used  in  ac id  

so lu t ions   to  be  i nh ib i t ed   in  concentra t ions   as  low 

as  .001  gm/ l i t e r   of  acid  so lut ion  and"  as  high  as 

100  gms / l i t e r .   The  p a r t i c u l a r   concent ra t ion   i s  

determined  by  the  nature  of  the  acid  so lu t ion ,   t he  

copper  content  of  the  scale  to be  removed,  the  

temperature  at  the  time  of  exposure  to  the   meta l  

and  other  i n h i b i t o r s   used  in  making  i nh ib i to r   b l ends .  

A  commonly  used  i n d u s t r i a l   cleaning  s o l u t i o n   has 

about  7%  (wt/wt)  hydrochloric   acid  and  about  1%  (wt /  

vol)  t h i o u r e a .  

In  t r ea t ing   metal  surfaces  of  i n d u s t r i a l  

equipment  to  remove  r e l a t i v e l y   insoluble  i n c r u s t a -  

tions  which  develop  during  normal  operat ion,   the  



inh ib i to r   composition  of  this  invention  can  be  con- 

venient ly  used  by  adding  it  to  the  acid  c l ean ing  

solution  used  in  the  customary  manner.  The  ac id  

solut ion  is  genera l ly   selected  in  accordance  wi th  

the  nature  of  the  i n c r u s t a t i o n s   with  the  non-oxi -  

dizing  acids  and  e spec i a l l y   the  inorganic  non-ox i -  

dizing  acids  being  p re fe r red .   Hydrochloric,   s u l -  

furic  or  phosphoric  are  the  p a r t i c u l a r   acids  most 

commonly  used.  Hydrochloric  acid  is  g e n e r a l l y  

used  at  a  concen t ra t ion   of  between  5  to  251  by 

weight;  s u l f u r i c   at  a  concentra t ion   of  about  5  t o  

15%  by  weight  and  phosphoric  at  about  10  to  25%  by 

weight.  Higher  or  lower  concent ra t ions   of  t he se  

acids  are  also  used  depending  upon  spec i f ic   condi-  

tions  and  type  of  acid  treatment  involved.  For 

example  oil  well  ac id iz ing   may  u t i l i z e   hyd roch lo r i c  

acid  at  concen t ra t ions   of  30t  by  weight  or  h ighe r  

whereas  p ickl ing  operat ions  may  u t i l i z e   concent ra -  

tions  as  low  as  about  1%  acid  by  weight  in  t he  

bath.  Aqueous  so lu t ions   of  hydrochloric   ac id  

preferably   at  a  concent ra t ion   of  about  5  to  about 

10%  by  weight  are  most  f requent ly   used  in  c l ean ing  

heating  equipment  and  the  like  and  the  use  of  the  

inh ib i to r   combination  of  this  invention  will  be 

described  with  p a r t i c u l a r   reference  to  such  c l ean-  

ing  operat ions  though  it  is  to  be  understood  t h a t  

the  combination  will  find  use  in  other  acid  t r e a t -  

ing  s i t ua t ions   of  the  type  described  above  and  e l s e -  

where  herein,   whenever  attack  on  the  basis  metal  

is a problem  and  p a r t i c u l a r l y   when  thiourea  or  a 

thiourea  de r iva t ive   is  used  with  the  acid.  Typical  

of  cleaning  t reatments   with  hydrochloric  acid  to  

which  a  urea  de r iva t ive   has  been  added  is  the  pro-  



cess  described  in  U.  S.  Patent  No.  2,959,555  and  t h e  

combination  of  this  invention  is  p a r t i c u l a r l y   we l l  

suited  to  use  in  such  p roce s se s .  
In  general,   the  combination  of  t h i s  

invent ion  i s  used  by  adding  to  e i ther   the  d i lu ted   or 

concent ra ted   hydrochloric  acid  a  formulated  compo- 

s i t i o n   conta ining  the  two  e s sen t i a l   i n g r e d i e n t s ,  

p re fe rab ly   in  solut ion  in  a  su i tab le   so lvent ,   though 

a  dry  formulat ion  can  also  be  used.  In  the  l a t t e r  

case ,   the  formulat ion  can  also  be  r ead i ly   combined 

with  the  urea  d e r i v a t i v e  p r e f e r a b l y   th iourea .   In  

any  case,  the  i nh ib i t o r   composition  should  be  added 

and  thoroughly  mixed  with  the  acid  by  s t i r r i n g   or 

a g i t a t i n g .   The . inh ib i t ed   solut ion  is  convenient ly   - 

used  by  c i r c u l a t i n g   it  through  the  equipment  to  be 

cleaned.  If  c i r c u l a t i o n  c a n n o t   be  accomplished,  t he  

equipment  should  be  f i l l ed   with  the  i nh ib i t ed   ac id  

and  allowed  to  react  with  the  scale  and  i n c r u s t a t i o n s  

for  s u f f i c i e n t   time  to  remove  the  ob jec t ionab le   de-  

pos i t s .   To  est imate  the  proper  acid  c o n c e n t r a t i o n  

and  cleaning  time,  samples  of  the  deposi ts   to  be 

removed  can  be  t e s t e d  i n   the  l abora to ry   p r ior   to  t he  

cleaning  opera t ion .   If  desired,   the  equipment  to  be 

cleaned  or  the  acid  cleaning  solut ion  or  both  can  be 

heated  to  speed  the  cleaning  act ion.   In  such  c a s e ,  

the  heat ing  is  preferably   done  prior   to  beginning  t he  

cleaning  operat ion  and  generally  a  g rea te r   amount  o f  

i n h i b i t o r   composition  is  used  at  higher  t e m p e r a t u r e s .  

As  in  the  case  of  se lec t ing   an  appropr ia te   acid  con- 

cen t r a t i on   and  cleaning  time,  the  cleaning  t emper -  

aturc  can be  choscn  by  tes t ing   with  a  r e p r e s e n t a t i v e  

sample  of  the  metal  and  deposits  to  be  c l e a n e d .  

The  amount  of  inhib i tor   used  can  also  he  de te rmined  



by  s imilar   t e s t ing .   F o r  u i d a n c e ,   however,  it  has  been 

found  that  when  using  a  5t  hydrochlor ic   acid  s o l u t i o n  

(14.1%  by  volume  of  20°  Baume  hydrochloric   a c i d ) f o r  

cleaning  at  a  temperature  of  about  150°F  e f f e c t i v e  

i n h i b i t i o n   can  be  obtained  by  using  about  0.2  gms/1 

t r iphenylsu l fon ium  chloride  and  about  0.1  gms/l  o f  

benzyl-N-methyl  d i th iocarbamate .   Greater  amounts 

can  be  used though  general ly   there  is  l i t t l e   i n -  

crease  of  i nh ib i t i ng   s t rength  by  increasing  i n h i b i t o r  

concent ra t ion   s i g n i f i c a n t l y   above  the  e f f e c t i v e  

c o n c e n t r a t i o n . f o r   any  given  temperature  and  acid  con- 

cen t ra t ion .   In  p r ac t i ce ,   it  is  p re fe r red   to  use  t he  

i nh ib i t o r   blend  in  an  amount  s u f f i c i e n t   to  p rov ide  

a t - l e a s t   about  .008%  by  wt.  of  t r i p h e n y l s u l f o n i u m  

chloride  and  at  least   about  .003%  by  wt.  of  benzyl-  

N-methyl  d i thiocarbamate  in  the  working  bath.  Grea ter  

amounts  are  required  for  higher  temperatures .   Gen- 

eral ly   for  each  25°F  increase  in  temperature  above  150°F 

t h e r e  i s   required  an  add i t iona l   amount  of  i n h i b i t o r  

equivalent   to  the  amount  found  to  be  e f fec t ive   at  about 

150°F.  The  length  of  time  required  to  remove  the  un- 

des i rable   deposits   will  depend  upon  the  e f f e c t i v e n e s s  

of  the  acid  d i s so lu t ion   of  the  i n c r u s t a t i o n s   or  s c a l e  

and  the  solut ion  is  general ly  allowed  to  remain  in  the 

s y s t e m   un t i l   the  metal  surface  is  free  of  unwanted 

depos i t s   or  unt i l   the  action  of  the  acid  s t o p s .  

The  amount  of  sulfonium  sal t   and  d i t h i o -  

carbamate  i nh ib i to r s   used  to  provide  the  e f f e c t i v e  

acid  i nh ib i to r   of  this  invention  can  be  v a r i e d  

over  a  wide  range,  depending  upon  the  p a r t i c u l a r  

acid  used  in  the  cleaning  so lu t ion ,   the  basis  me ta l ,  

the  temperature  and  other  f a c t o r s .  

The  rat io  in  which  the  two  e s sen t i a l   com- 



ponents  arc  u t i l i z ed   does  not  appear  to  be  c r i t i c a l   and 

the  propor t ions   can  also  be  varied  over  a  wide  r ange .  
There  can  be  used  about  0.1  to  about  2.0  parts  by  weight  

of  d i th iocarbamate ,   e.g.  benzyl-N-methyl  d i t h i o c a r b a m a t e ,  

for  each  part  by  weight  of  sulfonium  sa l t ,   e . g .  

t r ipheny l su l fon ium  chloride.   Generally,   it  is  p r e f e r r e d  

that  there  be  used  a  greater   amount  by  weight  of  su l fonium 

s a l t  t h a n   d i th iocarbamate .   P re fe rab ly ,   compositions  having 

about  2.5  parts  by  weight  of  t r ipheny lsu l fon ium  c h l o r i d e  

for  each  part  by  weight  of  benzyl-N-methyl  d i t h i o c a r b a m a t e  

have  been  found  to  be  p a r t i c u l a r l y   e f fec t ive   in  hydro-  

chlor ic   a c i d / t h i o u r e a   systems.  

The  inh ib i to r   combination  of  this  inven-  

t ion  can  be  added  to  the  cleaning  solut ion  as  s e p a r a t e  

add i t ives   or  can  be  conveniently  formulated  in  a  con- 

cent ra ted   i nh ib i t o r   composition  in  l iquid  or  dry  form 

along  with  the  usual  formulating  i n g r e d i e n t s .  

Genera l ly ,   in  formulat ing  the  i n h i b i t o r  

compositions  of  this  invention,   the  amounts  of  e s sen -  

t i a l   i n h i b i t i n g   ingredients   in  the  formulation  w i l l  

comprise  about  10  to  80%  by  wt.  of  the  to ta l   f o r -  

mulated  concentra te ;   the  remainder  cons is t ing   of  s o l v e n t  

p r e f e r ab ly   butyl  ce l losolve   and  other  conven t iona l  

formulated  ingred ien ts .   The  product  can  also  be 

supplied  as  dry  powder  formulation  along  with  o t h e r  

i ng red ien t s   or  as  a  dry  formulat ion  it  can  have  n e a r l y  

100%  act ive  ingred ien ts ,   i .e .   e s s e n t i a l   only  sulfonium 

sal t   and  d i t h i o c a r b a m a t e .  

By  way  of  i l l u s t r a t i o n   a  formulated  com- 

pos i t ion   containing  as  the  e s s en t i a l   i nh ib i to r   com- 

pos i t i on   a  mixture  of  t r iphcnyl   sulfonium  c h l o r i d e  

and  benzyl-N-methyl  di thiocarbamnte  can  be  e a s i l y  

prepared  by  blending  the  e s sen t i a l   ingredients   in  a 

water  miscible  solvent  along  with  other  a d d i t i v e s  



general ly  employed  in  formulating  i nh ib i to r   composi- 

t ions.   As  solvent ,   there  can  be  u t i l i z e d   any  water  

miscible  solvent  in  which  the  two  e s sen t i a l   components 

are  soluble  and  which  is  stable  to  the  acid  c l e a n i n g  

solut ion  in  use.  Suitable  addi t ives   include  m a t e r i a l s  

which  increase  acid  s o l u b i l i t y   of  the  composition  and 

oil  d i s s o l u t i o n .   Other  addi t ives   known  to  the  art  may 

be  included  to  get  a  homogeneous  concentrate   and  t o  

aid  in  s o l u b i l i z a t i o n   of  the  e s sen t i a l   components.  

Ia  general ,   these  addi t ives   a r e  s u r f a c e  a c t i v e   agents  

and  solvents   for  the  other  components  comprising  the  

composition.  Other  ingrediea ts   such  as  a n t i - f o a m i n g  

agents,  d i luen ts   to  adjust  the  volume,  buffers   t o  

adjust  pH  and  the  like  which  are  t yp i ca l l y   u t i l i z e d  

in  formulating  may  be  included  and  are intended  to  

come  within  the  scope  of  this  i n v e n t i o n .  

Any  surface  ac t ive  agen t   compat ib le  

with  the  other  components  of  the  composition  can 

be  used  including  anionic,   ca t ionic   and  non ion i c  

surface  active  agents  with  the  nonionic  be ing  

prefer red .   Examples  of  such  nonionic  s u r f a c e  

active  agents  are  the  ethoxylated  secondary  a l co -  

hols  and  ethoxylated  nonyl  phenols.  Among  the  

su r fac tan t s   that  are  p a r t i c u l a r l y   su i t ab le   in  formu- 

la t ing  the  i nh ib i to r   compositions  of  this  i n v e n t i o n ,  

there  can  be  mentioned  the  following:  Igepal  CO-850 

avai lable   from  the  Gaf  Corp.;  Makon  20  ava i lab le   from 

Stepan  Chemical,  Retzanol  NP200  manufactured  by 

Retzloff ;   Surfonic  N200  manufactured  by  J e f f e r s o n ;  



T  Det  N20  manufactured  by'Thompson  Hayward  and 

Tergi tol   NP40  manufactured  by  Union  Carbide  Corpora- 

t i o n .  

In  addit ion  to  the  formulating  a d d i t i v e s  

indicated   above,  the  e s s e n t i a l   i nh ib i t o r   i n g r e d i e n t s  

of  this  invention  can  be  combined  with  other  i n h i b i t o r s  

which  may  also  contain  other  addi t ive   mater ia ls   or  they  

can  be  formulated  along  with  such  other  i n h i b i t o r s  

as  an  addi t ional   active  i n g r e d i e n t .   Other  i n h i b i t o r s  

that  may  be  blended  with  the:  s y n e r g i s t i c   combina t ion  

of  su l fon ium sa l t   and  d i th iocarbamic   acid  d e r i v a t i v e  

include  for example  propargyl   a lcohol ,   ammonium 

thiocyanate ,   mereapto  benzo th i azo le ,   the  Mannich 

bases  and  the  l i k e .  

In  s t i l l   another  embodiment,  the  i n h i b i -  

tor  complex  of  this  inven t ion ,   which  is  p a r t i c u l a r l y  

useful   far  reducing  the  basis  metal  attack  of  h y d r o c h l o r i c  

a c i d / t h i o u r e a   cleaning  so lu t ions   can  be  formulated  by 

combining  the  i nh ib i to r   composition  with  the  t h i o u r e a  

to  provide  a  s ingle   addi t ive   to  hydrochloric   a c id  

thereby  f a c i l i t a t i n g   make-up  of  the  inhibi ted  hydro-  

c h l o r i c  a c i d / t h i o u r e a   c leaning  s o l u t i o n .  

The  combination  when  used  with  a  conven- 

t ional   hydrochloric  a c i d / t h i o u r e a   cleaning  s o l u t i o n  

provides  a  subs t an t i a l   reduct ion   in  basis  metal  l o s s  

as  compared  to  acid  corrosion  i n h i b i t o r s   p r e s e n t l y  

employed  in  such  acid  c leaning  so lu t ions .   The  r e -  

duction  in  metal  loss  achieved  by  using  this  combi- 

nation  of  i n h i b i t o r s ,   p a r t i c u l a r l y ,   in  the  case  o f  

mild  s teel   is  s i g n i f i c a n t l y   g rea te r   than  can  be 

achieved  with  e i ther   i n h i b i t o r   s e p a r a t e l y .  

In  u t i l i z i n g   the  composition  of  this  i n -  

vention  to  inhibi t   acid  at tack  on  metal,  the  combi- 

nation  is  preferably  added  to  the  pa r t i cu l a r   ac id  



composition  as  the  formulated  concentrate  u t i l i z e d   i n  

an  amount  s u f f i c i e n t   to  inhibi t   attack  of  the  p a r t i c u -  

lar  acid  on  the  metal  which  is  exposed  there to .   The 

amount  of  i n h i b i t i n g   composition  that  is  i n d i c a t e d  

will  vary  depending  upon  a  number  of  fac tors ,   some 

of  which  can  be  readi ly   cont ro l led   including  the  con- 

cen t ra t ion   of  the  acid  and  the  temperature  at  which 

t he  ope ra t i on   is  conducted.  Generally,   the  amount  o f  

i n h i b i t o r   to  be  u t i l i z e d   at  high  temperature  i s  

grea ter ;   l ikewise ,   the  amount  to  be  u t i l i z ed   at  h ighe r  

acid  c o n c e n t r a t i o n s - i s   greater.   The  range  of  i n h i b i t o r  

concent ra t ions   over  which  the  degree  of  i n h i b i t i o n  

varies  s i g n i f i c a n t l y   with  increase,  or  decrease  in  i n -  

h ib i to r   concen t ra t ion   at  a  given  temperature  is  r e l a -  

t ive ly   narrow.  So  also  the  range  of  i nh ib i t o r   concen- 

t r a t ion   over  which  the  degree  of  inh ib i t ion   v a r i e s  

for  any  given  cleaning  acid  concentra t ion  is  r e l a t i v e l y  

narrow.  Generally,   however,  for  most  i n d u s t r i a l  

cleaning  opera t ions ,   the  amount  of  i nh ib i to r   combin- 

ation  in  accordance  with  this  invention  will  be  a t  

least   about  0.01%  by  volume  and  usual ly  between 

about  0.1%  and  about  1.0  preferably   .1  to  .2S% 

based  upon  a  ra t io   of  about  2.5  parts  of  t r i p h e n y l -  

sulfonium  chloride  for  each  part  of  benzyl-N-methyl  

di thiocarbamate   u t i l i z e d   at  a  temperature  in  the  range 

of.about  150°F  to  about  200°F. 

When  used  in  a  conventional  h y d r o c h l o r i c  

ac id / t h iou rea   solut ion  of  5  to  10%  by  weight  hydro- 

chloric  acid  and  about  1:  thiourea  by  weight  in  so lu -  

tion,  i nh ib i t o r   compositions  containing  about  20  to  

50%  by  weight,  p referab ly   20  to  30%  by  weight,  of  a c t i v e  



ingred ien t s   ( su l fonius   sait   and  d i t h ioca rbama te )  

is  used  in  an  amount  s u f f i c i e n t   to  provide  at  l e a s t  

about  0.055  by  volume of  i nh ib i to r   in  the  c l ean ing  

s o l u t i o n .  

In  view  of  the  various  a p p l i c a t i o n s  

and  the  wide  range  of  condit ions  under  which  t he  

i n h i b i t o r   of  this  invention  can  be  used,  it  is  t o  

b e   uadsrs tood  that  the  e f f ec t ive   saound  and  cand i -  

t ions  of  use  for  any  p a r t i c u l a r   s i t u a t i o n   is  b e s t  

determined  from experience  gained  in  using  t h e  

composition  in  such  p a r t i c u l a r   app l i ca t ion .   The 

amounts  provided  herein  as  well  as  the  p a r t i c u l a r  

propor t ion   of  e s sen t i a l   components  and  ether  in -  

gred ien ts   is  given  for  guidance  pu rposes .  

The  i nh ib i t o r   compositions  of  this  i n -  

vention  while  best  suited  for  i nh ib i t i ng   the  a t t a c k  

of  hydrochlor ic   acid  in  the  presence  of  t h i o u r e a  

can  also  be  employed  in  app l i ca t ions   where  acid  i n -  

h i b i t o r s  a r e   general ly   u t i l i z e d ,   for  exaaple,  i n  

metal  p ick l ing   operations  and  oil  well  a c i d i z i n g  

processes .   While  p a r t i c u l a r l y   e f f e c t i v e   r e s u l t s  

have  been  obtained  with  the  i nh ib i t o r   combinat ion 

in  t reatment   of  ferrous  metals,  p a r t i c u l a r l y   mild 

s t ee l ,   the  i nh ib i t o r   combination  can  also  be  u t i l i z e d  

to  p ro tec t   aga in s t  a c id   at tack  on  other  metals  such 

as  copper,  brass,   s t a i n l e s s   s tee l   and  other  a l l o y s .  

As  will  become  evident  from  the  examples  which 

follow,  the  p a r t i c u l a r   s y n e r g i s t i c   effect   ob t a ined  

with  the  inh ib i to r   combination  provides  a  s p e c i a l  

advantage  in  the  case  of  hydrochlor ic   a c i d / t h i o u r e a  

cleaning.   However,  the  high  degree  of  i n h i b i t i n g  

power  provided  by  the  combination  males  it  s u i t a b l e  

for  a  mult i tude  of  a p p l i c a t i o n s .  



EXAMPLE  1 

Preparat ion  of  Benzyl-N-Methyl  Di thiocarbamate  

Benzyl-N-methyl  d i th iocarbamate ,   which  i s  

r ep r e sen t a t i ve   of  the  di thiocarbamates  su i table   f o r  

use  in  the  compositions  of  this  invention,   is  a 

commercially  available  product.  If  des i red,   it  can 

also  be  prepared  from  readily  avai lable   s t a r t i n g  

.  mater ia ls   and  the  entire  react ion  product  can  be 

used  in  formulating  the  inh ib i to r   composition.  A 

sui table   method  for  preparing  benzyl-N-methyl  d i t h i o -  

carbamate  is  as  fo l lows:  

Into  a  300  ml  3-neck  flask  f i t t e d   with  a 

thermometer,  s t i r r e r   and  condenser,  is  placed  13.7 

gms  of  carbon  d isu l f ide   and  12.2  gms  mono  methyl 

amine  hydrochloride  d isso lved   in  20  mls  water.  The 

mixture  is  s t i r r ed   and  cooled  to  10-15°.  14.4  gms 

sodium  hydroxide  dissolved  in  32  mls  of  water  i s  

slowly  added  over  30  minutes.  S t i r r i ng   is  con t inued  

and  the  mixture  is  warmed  at  75-85°C  for  1  to  2  hours .  

The  mixture  is  then  cooled  and  22.9  gms 

of  benzyl  chloride  in  100  mls  of  acetone  is  added. 

This  mixture  is  heated  to  a  gentle  ref lux  for  1  to  

2  hours .  

The  acetone  is  d i s t i l l e d   o f f .  

100  mls  of  water  is  added  to  dissolve  any 

- p r e c i p i t a t e d   sodium  c h l o r i d e .  

The  contents  of  the  flask  are  then  p laced  

into  a  separatory  funnel  and  the  product  is  e x t r a c t e d  

from  the  bottom  as  an  " o i l - l i k e "   substance  which  i s  

drained  into  a  Petri  dish  and  allowed  to  c r y s t a l l i z e .  

After  so l id i fy ing ,   the  benzyl-N-methyl  

di thiocarbamate  product  is  broken  up  and  used  "as 

is"  in  preparing  the  inhibi tor   formulat ions .   Other 

dithiocarbamate  products  can  be  prepared  by  analgous 



EXAMPLE  1  ( c o n t ' d )  

procedure  also  using  known,  ava i lab le   s t a r t i n g  

m a t e r i a l s .   The  react ion  products  can  be  used  as  i s  

in  formulat ing  the  corresponding  i nh ib i to r   compo- 

s i t i o n s .  

EXAMPLE  2 

An  i n h i b i t o r   composition  was  prepared  wi th  

ing red ien t s   in  the  following  amounts: 

The composition  is  prepared  by  combining 

the  ingred ien ts   in  a  blending  vessel   equipped  with  a 

s t i r r e r .   The  benzyl-N-methyl  d i th iocarbamate   i s  

f i r s t   dissolved  in  the  butyl  ce l loso lve .   The  r e -  

mainder  of  the  ingred ien ts   are  then  added  in  t he  

order  l i s t e d ,   while  s t i r r i n g .   S t i r r i ng   is  con- 

t i n u e d   un t i l   a  homogeneous  mixture  is  o b t a i n e d .  

The  f inal   product  is  a  clear   l iquid .   The  mix ture  

is  p re fe rab ly   f i l t e r e d   to  remove  unwanted  i m p u r i t i e s  

which  may  be  carr ied  in  with  the  s t a r t i ng   m a t e r i a l s .  



EXAMPLE  2  ( c o n t ' d )  

The   clear  l iquid  composition  has  a  spec i f i c   g r a v i t y  

of  1 . 0 2 9   .005  at  60°F  before  putt ing  it  into  con- 

ta iners   for  shipment.  

EXAMPLE  3 

T h i s   example  i l l u s t r a t e s   f o r m u l a t i o n s  

having  d i f f e r en t   concentra t ion  and  ra t io   of  i ng red -  

ients  than  that  of  Example  2.  The  components  were 

combined  in a  s imilar   manner. 

Formula  A 

Formula B 

0.6  gms  Benzyl-N-Methyl  Di thiocarbamate  

3.0  gms  Butyl  Ce l loso lve  

1.0  gms  Glacial  Acetic  Acid 

1.0  gms  Igepal  CO-850 

4.8  gms  Triphenylsulfonium  Chloride  (50%) 

several  drops  66°  Be  Sulfuric   Acid 



Formula  C 

1.2  gms  Benzyl-N-Methyl  Di th iocarbamate  

3.0  gms  Butyl  Ce l lo so lve  

1.0  gm  Glacial   Acetic  Acid 

1.0  g m   Igepal  CO-850 

4.8  gms  Tr iphenylsulfonium  Chloride  (50%) 

10  to  12  drops  66°  Be  Sul fur ic   Acid 

EXAMPLE  4 

The  fo l lowing  fo rmula t ion   was  prepared  by 

blending  the  amounts  of  i ng red ien t s   spec i f ied   below 

in  the  same  order  as  they  a p p e a r .  

1.0  gm  Benzyl-N-Methyl  D i t h i o c a r -  
bamate 

3.0  gms  Butyl  C e l l o s o l v e  

1.0  gm  Glacial   Acetic  Acid 

1.0  gm  Igepal  CO-850  (Gaf  Corp . ,  
N.Y.,  N.Y.) 

4.8  gms  Triphenyl  Sulfonium  Chlor -  
ide  (50%  by  wt.  in  wa te r )  

Upon  addi t ion  of  the  t r iphenyl   sulfonium 

chlor ide ,   the  so lu t ion   turned  cloudy.  A  few  drops  o f  

su l fu r i c   acid  (66° Be)  was  added  and  the  solut ion  aga in  

became  c l e a r .  

The  i n h i b i t i n g   s t reng th   of  the  composi t ion 

was  determined  as  f o l l ows :  

-  A  s t r ip   of  mild  s tee l   (1010  cold  r o l l  

s tee l )   1/2  inch  wide  by  7  inches  long  is  p r epa red  

by  solvent  wiping  with  acetone  on  a  cotton  r a g ,  

then  bending  the  s t r ip   to  a  su i t ab l e   shape  f o r  

immersion  in  the  tes t   so lu t ion ,   general ly  an  "S" 

shape.  In  order  to  remove  all   rus t ,   the  s t r ip   i s  

then  p re -p ick led   for  5  minutes  in  a  50%  by  volume 

solut ion  of  concentrated  hydrochlor ic   ac id  



(23°  Baume,  CP  grade)  in  water.  The  acid  is  drained  o f f  

and  the  s t r ip   is  rinsed  with  tap  water  several  t i m e s .  

The  s t r ip   is  then  rinsed  in  acetone,  acetone  is  poured 

off,  and  the  s t r ip   is  blotted  dry  with  a  cotton  r ag .  

The  dr ied,   cleaned  s t r ip   is  weighed  and  immersed  in  

the  tes t   solution  of  7%  wt/wt  hydrochlor ic   acid  wi th  

1%  thiourea  by  wt.  maintained  at  a  temperature  of  150°F 

f o r   6  hours.  The  s t r ip   is  then  removed  from  the  t e s t  

so lu t ion ,   rinsed  in  warm  tap  water  and  dipped  in  ace-  

tone.  The  acetone  is  dried  off  and  t h e  s t r i p   is  again  - 

weighed  to  determine  the  metal  l o s s .  

EXAMPLE  5 

To  i l l u s t r a t e   the  improvement  in  i n h i b i t i n g  

strength  provided  by  the  sulfonium  sal t   a n d  d i t h i o -  

carbamate  mixture,  a  corrosion  i nh ib i t o r   composi t ion 

of  the  type  sold  commercially  for  i n d u s t r i a l   c l ean ing  

with  hydrochloric  acid  was  prepared  and  tested  in  hy- 

drochloric   acid  solutions  with  and  without  t h i o u r e a .  

The  corrosion  inhib i tor   was  prepared  by  combining  a 



rosin  amine  i n h i b i t o r   of  the  type  disclosed  in  U.  S. 

Patent  No.  2,758,970  with  t r iphenylsul fonium  c h l o r i d e  

and  propargyl  a l c o h o l .  

Such  i n h i b i t o r s   are  avai lable   for  example 

under  the  brand  name  Rodine  sold  by  Amchem  P r o d u c t s ,  

Inc.  A  t yp ica l   i n h i b i t o r   of  this  type  has  t h e  f o l l o w -  

ing  approximate   compos i t ion :  

EXAMPLE  6 

An  i n h i b i t o r   composition  in  accordance  

with  Example  5  was  tested  for  corrosion  i n h i b i t i o n  

as  described  in  Example  4  using  a  7t  h y d r o c h l o r i c  

a c i d   tes t   so lu t ion   maintained  at  150°F  for  6  h o u r s .  

Thiourea  was  added  in  amounts  as  indicated   i n  

Table  1. 



EXAMPLE  7 

This  example  shows  the  greatly  improved 

inh ib i t ing   power  of  the  compositions  of  Examples 

1  and  formula  A  of  3  as  compared  to  the.  prior  art  com- 

pos i t ions   of  Example  5  in  a  hydrochlor ic   acid  and  t h i o -  

urea  cleaning  solut ion.   The  tes ts   were  carr ied  out  as 

in  Example  4 above  using  as  tes t   solut ion  hydro- 

c h l o r i c  a c i d  c l e a n i n g   compositions  containing  t h i o -  

urea  or  a  thiourea  de r iva t ive   as  a  copper  complex- 

ing  agent  in  amounts  as  indica ted .   The  concen t r a -  

tion  of  hydrochloric  acid  was  7%  (wt/wt).  The  t e s t  

was  done  at  150°F  for  6  hours.  The resuLts  are  as 

shown  in  Table  I I .  



EXAMPLES  8 

This  example  demonstrates  the  s y n c r g i s t i c  

corros ion  i nh ib i t ing   effect   of  the  t r iphenyl   s u l f o n i u m  ,  

sal t   and  di thiocarbamate  combination.  The  tes ts   were 



ca r r i ed   out  as  in  the  preceding  examples  u s ing  

amounts  of  t es t   compositions  as  ind ica ted   in  Table 

I I I .   The  t e s t s   were  done  with  7% wt/wt  h y d r o c h l o r i c  

acid  so lu t i ons   maintained  at  150°F  for  6  hours.  For 

comparison,  the  t r ipheny l su l fon ium  chlor ide   was  f o r -  

su la ted   without  the  d i th iocarbamate   by  s u b s t i t u t i n g  

an  equal  weight  amount  of  butyl  c e l l o so lve   for  t he  

d i th ioca rbamate .   This  f o r m u l a t i o n - i d e n t i f i e d   as  Formu- 

l a t e d   TPSC  has  the  following  c o m p o s i t i o n s :  



EXAMPLE  9 

This  example  i l l u s t r a t e s  t h e  u s e   of  t h e  
i n h i b i t o r   combination  of  this  invention  in  con junc-  
t ion  with  another  i n h i b i t o r .   The  t e s t s   were 
ca r r ied   out  as  in  the  preceding  examples  using  1% 
wt/vol  th iourea   in  a  7%  wt/wt  hydrochlor ic   a c i d  
s a l u t i o n   at  150°F  for  6  hours.  The  weight  loss  r e -  
su l t s   are  shown  in  Table  IV. 

EXAMPLE  10 

This  example  i l l u s t r a t e s   the  i n h i b i t i n g  
power  of  the  combination  with  change  in  the  r a t i o   o f  
amount  of  t r ipheny l su l fon ium  sa l t   to  the  amount  of  d i -  
th iocarbamate .   Tests  were  c a r r i ed   out  in  the  same 
manner  as  above  using  7t  (wt/wt)  hydroch lo r i c   a c i d  
with  1%  (wt/vol)  th iourea  at  150°F  for  6  hours .   Re- 
su l t s   are  shown  in  Table  V. 



EXAMPLE  11 

This  example  i l l u s t r a t e s   the  use  of  va r ious  

di thiocarbamates  with  s u b s t a n t i a l l y   equal  e f f e c t i v e n e s s  

in  inh ib i t ing   corrosion.   The  formulat ions  used  are  

given  and  the  resul ts   of  t es t s   are  shown  in  Table  VI. 

The  test   method  is  the  same  as  in  previous  examples  us ing  

7%  hydrochloric   acid  (wt/wt)  at  150°F  for  6  hours .  

Formulation  A 

0.1  gm  Zinc  dimethyl  d i t h i o c a r b a m a t e  

0.9  gm  Mercaptobenzothiazole  

3.5  gm  Butyl  c e l l o s o l v e  

1.0  gm  Igepal  CO-850  (Gaf  Corp.)  

1.0  gm  Hydrochloric  acid  (20°  Baume) 

4.8  gm  Triphenylsulfonium  chloride  (50%  by  w t . )  

Formulation  B 

1.0  gm  Sodium  diethyl  d i t h i o c a r b a m a t e  

2.3  gm  Butyl  c e l l o s o l v e  

1.0  gm  Igepal  CO-850  (Gaf  Corp.)  

4.8  gm  Triphenylsulfonium  chloride  (50%  by  w t . )  

2.0  gm  Hydrochloric  acid  (20°  Baume) 



EXAMPLE  12 

This  example  i l l u s t r a t e s   the  inh ib i t ing   power 

at  various  concent ra t ions   of  the  synerg i s t i c   combination 

of  t r ipheny l su l fon ium  chloride  and  benzyl-N-methyl  d i -  

thiocarbamate  (Example  4).  Test  procedures  are  the  same 

as  in  previous  examples  using  7%  hydrochloric   acid  (wt/  

wt)  with  1%  thiourea  (wt/vol)  at  150°F  for  6  hours .  

Results  are  shown  in  Table  V I I .  



1.  A  composi t ion   for  i n n i b i t i n g   acid  c o r r o s i o n   e n a r a o t e  l e a v  
in  that   it  con ta in s   a  blend  ci  a  sulfonium  sa l t   and  of  a  d i t h i o c a r -  

bamic  acid  d e r i v a t i v e .  

2.  A  composi t ion   as  c laimed  in  claim  1,  c h a r a c t e r i z e d   in  t h a t  
the  sulfonium  s a l t   conforms  to  the  genera l   f o r m u l a :  

where in  R1,  R2   and R3,  which  may  be  the same  or  d i f f e r e n t ,   each  

r e p r e s e n t s   an  a lky l ,   a r y l ,   a l k a r y l   or  a r a l k y l   r a d i c a l ,   and λ  i s  

an  acid  a n i o n .  

3.  A  composi t ion  as  claimed  in  claim  1  or  claim  2,  c h a r a c z e r i z e d  
in  that   the  sulfonium  s a l t   is  t r i p h e n y l   sulfonium  c h l o r i d e .  

4.  A  composi t ion   as  claimed  in  any  of  claims  1  to  3,  c h e r a c t e r i z e d  

in  that  the  d i t h i o c a r b a m i c   acid  d e r i v a t i v e   is  a  compound  of  t he  

general   f o rmu la :  

wherein  R1, R2,  and R3,  which  may  be  the  same  or  d i f f e r e n t ,   each 

r e p r e s e n t s   a  hydrogen  atom  or  an  a lky l ,   a lkeny l ,   a lkynyl ,   a r y l .  

a l k a r y l ,   a r a l k y l ,   c y c l i c ,   p o l y c y c l i c   or  h e t e r o c y c l i c   group,  and  M 

r e p r e s e n t s   a  monovalent  or  m u l t i v a l e n t   ca t ion   where  n  is  1  to  3 .  

5.  A  composi t ion  as  claimed  in  any  of  claims  1  to  4,  c h a r a c t e r i z e d  

in  that   the  d i t h i o c a r b a m i c   acid  d e r i v a t i v e   is  benzyl-N-methyl   d i t h i o -  

c a r b a m a t e .  

6.  A  composi t ion   as  claimed  in  any  of  claims  1  to  5,  c h a r a c t e r i z e d  

ir  sear  it  con ta ins   from 2  t o  3  p a r t s ,   and  p r e f e r a b l y   about  2.5  p a r t s ,  

by weight  of  the  sul fonium  s a l t   per  part  by  weight  of   the  o f  t h i o c a r n a r i d  

acid  d e r i v a t i v e ,   and  o p t i o n a l l y   also  con ta ins   a  s u r f a c t a n t .  

7.  An  aqueous  ac id i c   c l e a n i n g   s o l u t i o n   c o n t a i n i n g   an  acid  c l e a n e r  

and  an  i n h i b i t o r   aga ins t   acid  c o r r o s i o n ,   c h a r a c t e r i z e d   in  that  as  



i n h i b i t o r   there   is  used  a   composi t ion   as  claimed  in  any  of  c l a i m s  

1  to  6  p r e s e n t   in  an  amount  such  as  to  provide  c o n c e n t r a t i o n s   i n  

the  acid   s o l u t i o n   of  at  l e a s t   0.008%  by  weight  of  the  s u l f o n i u m  

s a l t   and  at  l e a s t   0.003%  by  weight  of  the  d i t h i o c a r b a m i c   a c i d  

d e r i v a t i v e .  

8.  A  s o l u t i o n   as  c laimed  in  claim  7,  c h a r a c t e r i z e d   in  t h a t  

the  acid  in  said  aqueous  ac id i c   c l e a n i n g   s o l u t i o n   is  h y d r o c h l o r i c  

a c i d .  

9.  A  s o l u t i o n   as  c la imed  in  claim  8,  c h a r a c t e r i z e d   in  that   i t  

c o n t a i n s   h y d r o c h l o r i c   acid  in  an  amount  of  between  5%  and  10% 

by  weight   t o g e t h e r   with  the  i n h i b i t o r   compos i t i on   in  an  amount  o f  

at  l e a s t   0.05%  by  vo lume .  

10,  A  s o l u t i o n   as  claimed  in  any   of  c l a i m s  7   to  9,  c h a r a c t e r i z e d  

in  tha t   said  s o l u t i o n   a lso  con ta in s   a  c o p p e r - c o m p l e x i n g   a g e n t .  

11.  A  s o l u t i o n   as  claimed  in  any  of  claims  7  to  10,  c h a r a c t e r i z e d  

in  tha t   said  s o l u t i o n   c o n t a i n s   at  l e a s t   0.001  gram  per  l i t e r   of  a  

urea  d e r i v a t i v e   d i s s o l v e d   t h e r e i n .  

12.  A  s o l u t i o n   as  claimed  in  claim  11,  c h a r a c t e r i z e d   in  that   t h e  

urea  d e r i v a t i v e   d i s s o l v e d   in  said  acid  c l e a n i n g   s o l u t i o n   is  t h i o u r e a  

and /or   methylo l   t h i o u r e a .  

13.  A  s o l u t i o n   as  claimed  in  any  of  claims  7  to  12,  c h a r a c t e r i z e d  

in  tha t   as  acid  i t   c o n t a i n s   h y d r o c h l o r i c   acid  and  as  i n h i b i t o r  

compos i t i on   i t   c o n t a i n s   sulfonium  ch lo r ide   p r e s e n t   in  an  amount 

s u f f i c i e n t   to  provide  at  l e a s t   0.08  grams  per  l i t e r   t h e r e o f   i n  

s o l u t i o n ,   benzy l -N-me thy l   d i t h i o c a r b a m a t e   p r e sen t   in  an  amount  s u f f i c i e n t  

to  provide   at  l e a s t   0 .03  gram  per  l i t e r   t h e r e o f   in  s o l u t i o n ;   and  t h i o -  

urea  p r e s e n t   in  an  amount  s u f f i c i e n t   to  provide  at  l e a s t   0.001  gram 

per  l i t e r   t h e r e o f   i n  s o l u t i o n .  

14.  A .process   for  c l e a n i n g   i n d u s t r i a l   equipment  having  w a t e r - s c a l e  

or  o ther   u n d e s i r a b l e   w a t e r - i n s o l u b l e   d e p o s i t s   t he r eon ,   using  an  aqueous  

ac id i c   c l e a n i n g   s o l u t i o n   c o n t a i n i n g   i n h i b i t o r s   a g a i n s t   acid  c o r r o s i o n ,  
c h a r a c t e r i z e d   in  tha t   the  acid  s o l u t i o n   employed  is  i n h i b i t e d   from 

a t t a c k i n g   the  bas i s   metal  of  the  i n d u s t r i a l   equipment  by  using  a  

c l e a n i n g   s o l u t i o n   as  claimed  in  any  of  c l a i m s  7   to  13 .  
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