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Description 

INTRODUCTION 

This  invention  relates  generally  to  a  process  for 
cleaning  metal  and  more  particularly  to  a  process 
that  utilizes  a  alkaline  soap  and  water  solution, 
deionized  water,  and  a  mixture  of  morpholine  and 
deionized  water,  for  cleaning  metal  that  is  particu- 
larly  advantageous  for  cleaning  metal  in  prepara- 
tion  for  adhering  a  wear  resistant  material  such  as 
titanium  nitride  thereto  or  for  cleaning  an  engine 
component  such  as  a  valve  in  preparation  for  ad- 
hering  a  coating  such  as  an  aluminum  coating 
thereto. 

BACKGROUND  OF  THE  INVENTION 

Heretofore  it  has  been  common  practice  to  use 
chlorinated  solvents  such  as  trichlorethylene,  per- 
chloroethylene,  1,1,1  -  trichloroethane,  methylene 
chloride  and  trichlorotrifluorethane  and  mixtures  of 
trichlorotrifluoroethane  with  substances  such  as 
toluol,  surfactants,  alcohols  such  as  methyl  alcohol 
and  inhibitors  for  removing  oil  and  oil-like  con- 
taminants  from  metal.  Although  effective  for  clean- 
ing  metal,  such  solvents  present  significant  tox- 
icological  and  environmental  problems  in  their  stor- 
age,  use  and  discard. 

Non-chlorinated  solvents  such  as  alcohols, 
toluol,  methyl  ethyl  ketone,  mineral  spirits  and  ker- 
osene  have  also  been  used  in  the  past  to  remove 
oil  and  oil-like  contaminants  from  metal  but  likewise 
present  significant  toxicological,  storage  and  envi- 
ronmental  problems  as  well  as  flammability  and 
explosion  problems  in  their  storage,  use  and  dis- 
card.  Both  chlorinated  and  non-chlorinated  solvents 
characteristically  are  unable  to  effectively  remove 
carbonaceous  soils  and  water  spots  from  metal 
surfaces. 

Water-based  cleaners  have  also  been  em- 
ployed  for  many  years  for  cleaning  metal  parts.  But 
such  cleaners  characteristically  have  not  been  as 
effective  a  cleaner  as  the  solvents  previously  de- 
scribed  and  tend  to  leave,  or  are  designed  to  leave 
residue  deposits  on  the  metal  surfaces  which  in- 
hibit  painting,  welding  and/or  effective  bonding  of 
other  materials  to  the  metal  surface.  Or,  if  the 
surface  is  sufficiently  clean  for  painting  or  bonding 
and  the  like,  corrosion  such  as  rust  on  ferrous 
metal  parts  can  occur  in  seconds  which  may,  in 
some  cases,  render  the  part  useless. 

Due  to  the  tendency  of  water  to  promote  corro- 
sion,  corrosion  inhibitors  such  as  sodium  or 
potasium  sulfonates,  sodium  nitrite,  or  barium  nap- 
thiate  are  commonly  added  to  water  and  cleaners. 
Such  inhibitors  are  characteristically  of  a  residue 
type  that  provide  a  polar  or  non-polar  film  on  the 

surface  being  cleaned  to  prevent  oxygen  from  at- 
tacking  the  surface  but  which  also  can  be  det- 
rimental  to  subsequent  processes  on  the  surface 
such  as  painting,  welding  or  the  bonding  of  wear 

5  resistant  and  coatings  such  as  titanium  nitride. 
There  has  therefore  existed  a  need  to  provide 

a  process  for  removing  oil  and  oil-like  contaminants 
from  metal  that  is  water-based  and  does  not  em- 
ploy  chlorinated  or  non-chlorinated  solvents  such 

io  as  previously  described  yet  which  is  capable  of 
providing  an  essentially  residue  free  surface  as 
well  as  minimizing  or  preventing  rusting  of  ferrous 
metals  at  least  for  a  time  sufficient  to  enable  some 
subsequent  process  scheduled  therefore. 

75  It  has  been  discovered  that  such  process  can 
be  provided  where  the  metal  part  is  washed  with 
an  alkaline  soap  and  water  solution  and  rinsed  with 
both  deionized  water  and  a  mixture  of  deionized 
water  and  morpholine  prior  to  drying  according  to 

20  prescribed  schedules. 
EP-A-1  27064  is  concerned  with  the  prevention 

of  rust  formation  during  the  processing  and  life- 
span  of  metal  cans  typically  used  for  the  packaging 
of  food  and  beverages.  To  achieve  this,  the  method 

25  described  focuses  on  the  treatment  of  the  metal 
cans,  following  cleaning  and  rinsing,  with  a  low 
concentration  of  an  amine  inhibitor  in  aqueous  so- 
lution.  The  document  is  wholly  silent  regarding  the 
optimal  purity  of  the  deionised  water  used  in  both 

30  the  rinsing  step  and  in  the  preparation  of  the  aque- 
ous  amine  solution.  Furthermore,  page  8,  line  4 
states  that  tap  water  can  be  used  in  the  rinsing 
step  instead  of  deionised  water,  thus  does  not 
recognise  the  importance  of  using  a  minimum  pu- 

35  rity  of  water  throughout  the  treatment  process  (and 
not  solely  for  the  amine  treatment  step). 

In  contrast,  the  present  invention  is  concerned 
with  the  removal  of  residue  deposits  and  water 
spots  on  metal  surfaces  so  as  to  enable  effective 

40  welding  and/or  bonding  between  that  metal  surface 
and  a  coating  and  further,  to  minimise  rust  forma- 
tion. 

This  is  achieved  by  the  method  of  the  present 
invention  which  involves  cleaning  with  an  alkaline 

45  soap  solution  rinsing  with  deionised  water  having  a 
minimum  purity  level  (expressed  as  volume  re- 
sistivity)  and  treatment  with  a  water-soluble  amine 
in  deionised  water  also  of  a  minimum  purity  level.  It 
is  the  particular  combination  of  steps  and  more 

50  importantly  the  use  of  deionised  water  having  the 
specified  minimum  purity  level  throughout  the 
claimed  process  which  provides  a  surface  which  is 
not  only  free  of  rust  but  also  residue  free  to  en- 
hance  binding  of,  for  example,  titanium  nitride  to 

55  that  metal  surface. 
Although  it  is  known  that  deionized  water  is 

corrosive  to  ferrous  metal,  it  has  been  discovered 
that  such  can  be  employed  to  advantage  in  the 
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process  of  the  invention  by  controlling  the  expo- 
sure  time  of  the  metal  part  to  the  deionized  water 
and  that  by  doing  so  water  spots  are  essentially 
eliminated  in  rinsing  processes  using  deionized 
water  whereas  such  is  characteristically  not  the 
case  with  ordinary  tap  water  which  may,  by  leaving 
residue  deposits,  interfere  with  welding  and/or  ef- 
fective  adherance  of  coatings  to  the  metal  surface. 

Contrary  to  the  teaching  of  the  prior  art,  it  has 
been  discovered  that  dilute  morpholine--deionized 
water  solutions  are  not  corrosive  to  metal  and  that 
evaporating  the  solutions  at  about  200  °  F  does  not 
leave  a  residue  deposit  which  could  interfer  with 
subsequent  coating  processes. 

Aqueous  amine  solutions,  such  as  a  mor- 
pholine-water  solutions,  have  been  used  in  the  past 
for  passivating  steel  in  preparation  for  application 
of  non-aqueous  protective  coatings.  An  example  of 
such  is  disclosed  in  United  States  Patent 
4,590,100,  the  disclosure  of  which  is  incorporated 
herein  by  reference.  The  morpholine  however  is 
mixed  with  ordinary  water  which  would  tend  to 
water  spot  and  the  amine  is  chosen  primarily  to 
provide  reaction  sites  that  would  chemically  bond 
to  selected  materials  used  for  the  coating.  Another 
example  of  a  use  of  morpholine  for  rectifying 
chlorinated  hydrocarbon  deposits  on  copper  is  dis- 
closed  in  United  States  Patent  4,080,393,  the  dis- 
closure  of  which  is  incorporated  herein  by  refer- 
ence.  Again  however  the  morpholine  is  mixed  with 
ordinary  water  which  is  also  used  for  rinsing  which 
would  promote  water  spotting  which  is  a  detrimen- 
tal  to  welding  and/or  bonding  many  materials  to  the 
metal  surfaces. 

According  to  the  "Encyclopedia  of  Chemical 
Technology",  John  Wiley  and  Sons,  Volumes  2 
and  21  (1983),  morpholine  is  classified  as  an  indus- 
trial  solvent  that  is  slightly  toxic,  requiring  large 
amounts  be  taken  orally  to  be  serious  and,  in 
undiluted  form,  is  irritating  to  the  skin  and  breathing 
fumes  in  closed  places  should  be  avoided.  Mor- 
pholine  is  classified  as  being  infinitely  soluble  in 
water  and  is  known  chemically  as  either  tetrahydro- 
1,  4  oxazine  or  diethyleneimide  oxide  having  an 
aromatic  ring  structure  with  nitrogen  and  oxygen  in 
two  of  the  carbon  positions. 

In  view  of  such,  the  use  of  deionized  water, 
morpholine  and  deionized  water,  and  alkaline  soap 
and  water  solutions  in  prescribed  schedules  has 
been  found  to  remove  oil  and  oil-like  contaminants 
as  well  as  other  contaminants  soluble  therein  from 
ferrous  and  non-ferrous  metal  surfaces  that  are 
essentially  residue  and  water  spot  free  and  which 
is  particularly  advantageous  for  preparing  metal 
surfaces  for  welding  and/or  to  which  coating(s)  are 
to  be  adhered. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  this  invention  to 
provide  a  process  for  cleaning  metal. 

5  It  is  another  object  of  this  invention  to  provide 
a  process  for  cleaning  metal  that  is  highly  effective 
in  providing  essentially  residue  and  water-spot  free 
surfaces  while  controlling  rust  and  corrosion. 

It  is  still  another  object  of  this  invention  to 
io  provide  a  process  for  cleaning  metal  that  is  oper- 

ative  to  prepare  a  surface  on  the  metal  for  welding 
and/or  to  which  materials  can  be  effectively  ad- 
hered. 

75  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  is  a  block  diagram  of  one  embodi- 
ment  of  the  process  of  the  invention; 
FIGURE  2  is  a  block  diagram  of  another  em- 

20  bodiment  of  the  process  of  the  invention;  and 
FIGURE  3  is  a  block  diagram  of  yet  another 
embodiment  of  the  invention. 

DESCRIPTION  OF  SOME  PREFERRED  EMBODI- 
25  MENTS 

The  process  of  the  invention  shown  in  FIGURE 
1  is  particularly  advantageous  for  cleaning  metal 
parts  that  are  lightly  coated  with  oil  and  oil-like 

30  materials  and  other  substances  that  are  soluble  in 
the  materials  employed  in  the  process  hereinafter 
described. 

In  step  (a),  the  metal  part  is  washed  in  an 
alkaline  soap  and  water  solution  where  alkaline 

35  soap  characteristically  includes  one  or  more  of  tri- 
sodium  phosphate,  sodium  meta-silicate,  sodium 
tri-polyphosphate,  sodium  carbonate,  potassium 
carbonate,  sodium  gluconate,  2-  butoxyethanol  and 
non-ionic  surfactants  and  the  like  well  known  to 

40  those  skilled  in  the  art  and  may  further  include 
additives  such  as  sodium  hydroxide  or  potassium 
hydroxide  where  increased  alkalinity  is  desired. 
Such  soaps  can  be  either  ionic  or  non-ionic  or 
mixtures  of  both  and  may  include  surface  active 

45  agents  such  as  sodium  lauryl  ether  sulfonate,  ac- 
kylaryl  sulfonate  triethanolamine,  ackylaryle  ether 
polygycol,  and  sodium  citrate  in  an  alkaline  me- 
dium  such  as  caustic  potash.  One  alkaline  soap 
found  to  be  of  particular  advantage  for  cleaning 

50  ferrous  metals  is  sold  under  the  Tradename  ISW- 
29  by  Dubois  Chemical  and  another  for  cleaning 
non-ferrous  metal  is  sold  under  the  trade  number 
422  by  Dubois  Chemical. 

Although  various  ratios  between  the  water  and 
55  alkaline  soap  may  be  employed  provided  the  resul- 

tant  is  alkaline,  a  ratio  of  about  three  (3)  parts  of 
the  alkaline  soap  to  about  100  parts  of  the  water  is 
preferred  for  the  solution. 

3 
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The  solution  of  step  (a)  is  preferably  at  a 
temperature  of  from  about  100°  F  (38  °C)  to  about 
180°  F  (82  °C)  and  the  time  of  washing  the  metal 
part  with  the  solution  is  preferably  from  about  one 
minute  to  about  six  minutes.  Any  suitable  method 
of  washing  the  metal  part  with  the  washing  solution 
of  step  (a)  may  be  employed  including  dipping, 
spraying,  tumbling  or  placing  the  metal  part  and 
solution  in  an  agitated  or  ultra-sonic  bath  with 
spraying  being  preferred. 

After  washing  the  metal  part  with  the  solution 
of  step  (a),  the  metal  part  is  then  rinsed,  preferably 
by  dipping  or  spraying  at  least  once,  and  prefer- 
ably  twice  in  step  (b)  with  deionized  water  prefer- 
ably  having  a  purity  commonly  characterized  in 
terms  of  volume  resistivity  which,  for  the  present 
invention,  is  a  volume  resistivity  of  at  least  about 
105  ohm-cm  at  25°  C  and  more  preferably  from 
about  105  to  about  10G  ohm-cm  at  25°  C.  As 
described  above,  step  (b)  preferably  comprises  two 
separate  rinses  and  even  more  preferably  includes 
means  for  transferring  the  deionized  rinse  water 
from  the  second  rinse  to  the  first  rinse  at  a  pre- 
determined  rate  which  in  effect  is  a  type  of  coun- 
ter-flow  system  and  which  tends  to  keep  the  sec- 
ond  rinse  from  building  up  concentrations  of  the 
contaminants  being  removed  from  the  metal.  The 
temperature  of  the  deionized  water  rinse  is  prefer- 
ably  from  about  100°  F  to  about  140°  F  and  the 
time  period  of  rinse  is  preferably  from  about  10 
seconds  to  about  four  minutes  whilst  endeavoring 
to  keep  the  metal  part  wetted  between  rinses  and 
with  minimal  exposure  to  air  which  might  promote 
flash  rusting  where  the  metal  is  ferrous  or  corrosion 
where  the  metal  is  non-ferrous  such  as  aluminum. 

After  step  (b),  the  metal  part  is  then  rinsed  in  a 
mixture  of  deionized  water-soluble  amine  having  a 
vapor  pressure  operative  to  enable  the  water  and 
the  amine  to  evaporate  at  about  the  same  rate  from 
the  surface  being  cleaned  and  being  further  char- 
acterized  by  leaving  the  surface  virtually  residue 
free  after  having  evaporated. 

One  such  water-soluable  amine  found  to  be 
particularly  advantageous  is  previously  described 
morpholine  which  has  a  vapor  pressure  of  about 
6.6  mm  of  mercury  compared  to  about  17.35  mm 
of  mercury  for  water  at  20  °  C  (68  °  F).  Morpholine 
and  water  likewise  have  similar  boiling  points  of 
128.9°  C  and  100°  C  respectively.  Such  is  of 
great  advantage  during  oven  drying  where  mor- 
pholine  evaporation  lags  slightly  behind  water  at  a 
given  temperature  enabling  the  morpholine  vapors 
to  surround  and  provide  a  corrosion  protective  ev- 
nironment  about  the  metal  part. 

Water-soluble  hydroxy  amines  having  respec- 
tive  vapor  pressures  and  boiling  points  substan- 
tially  dissimilar  to  water  however  are  not  suitable 
for  use  in  the  process  of  the  invention..  Such 

amines  include  ethanolamine  (B.P.  =  170°  C; 
Vp  =  .36  mm  mercury  at  20  °  C);  diethanolamine 
(Bp.  =  217°  C;Vp-.01  mm  mercury  at  20°  C);  and 
triethanolamine  (Bp  =  277°  C;  vp  =  .01  mm  mercury 

5  at  20°  C).  Such  amines  evaporate  much  slower 
than  morpholine  and  water  and  are  prone  to  leave 
residue  deposits  that  are  apt  to  interfer  with  subse- 
quent  processes  such  as  coating,  welding,  or  paint- 
ing  scheduled  for  the  part  being  cleaned. 

io  Water-soluble  amines  suitable  for  use  in  the 
process  of  the  invention  are  defined  by  having  a 
vapor  pressure  of  at  least  about  10%  of  the  vapor 
pressure  of  water  at  20°  C  and  by  providing  a 
virtually  residue  free  surface  after  having  evap- 

15  orated  from  the  surface. 
With  morpholine  (preferably  technical  grade 

morpholine)  being  the  preferred  water-soluble 
amine  for  the  process  of  the  invention,  the  process 
is  hereinafter  illustratively  described  in  conjunction 

20  with  the  use  thereof  so  that  after  step  (b),  the  metal 
part  is  rinsed  with  a  mixture  of  morpholine  and 
deionized  water  preferably  of  the  same  quality  as 
previously  described  for  the  deonized  water  rinse. 

Although  larger  amounts  of  morpholine  may  be 
25  used,  the  morpholine  solution  preferably  comprises 

from  about  .1%  to  about  1.0%  of  and  more  prefer- 
ably  about  .5%  by  weight  to  the  total  weight  of  the 
mixture  and  the  mixture  is  preferably  at  a  tempera- 
ture  of  from  about  70°  F  (21  °C)  to  about  140°  F 

30  (60  •  C). 
After  the  morpholine  -  water  rinse  of  step  (c), 

the  metal  part  (preferably  while  still  wet)  is  then 
dried  either  as  a  finished  part  or  a  part  upon  a 
surface  scheduled  for  welding  and/or  to  which  a 

35  material  is  to  be  adhered  such  as  for  example 
where  the  metal  part  is  a  cutting  tool  and  the 
material  is  titanium  nitride  or  the  part  is  an  engine 
valve  scheduled  to  be  aluminized. 

Although  lower  drying  temperatures  may  be 
40  used  in  step  (d),  the  metal  part  is  preferably  dried 

by  either  heating  it  in  an  oven  preferably  to  a 
temperature  of  at  least  about  180°  F  or  by  blowing 
heated  air  at  it  preferably  at  a  velocity  of  from 
about  2  to  20  feet  per  second  at  a  temperature  of 

45  preferably  from  about  190°  F  (88  °C)  to  about 
230°  F  (110°C)  and  more  preferably  at  about 
200°  F  (94  °C)  particularly  for  parts  having  voids, 
crevices,  and  otherwise  complex  complications. 

As  previously  described,  it  is  preferable  to 
50  keep  the  metal  part  wetted  between  the  steps  of 

the  process  with  minimal  exposure  time  to  air  so  as 
to  prevent  flash  rusting  when  the  metal  part  is 
ferrous. 

The  embodiment  of  the  process  of  the  inven- 
55  tion  shown  in  FIGURE  2  can  be  used  to  advantage 

where  the  metal  is  contaminated  with  moderate  to 
heavy  amounts  of  oil  or  oil-like  deposits  or  with 
materials  that  are  soluble  in  the  materials  herein 

4 
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described  employed  in  the  various  steps  of  the 
process  of  the  invention. 

In  the  process  of  FIGURE  2,  wash  step  (a)  is 
the  same  as  previously  described  for  step  (a)  of 
the  process  of  FIGURE  1  utilizing  the  alkaline  soap 
and  water  solution  preferably  at  a  temperature  of 
from  about  100°  F  to  about  180°  F  with  which  the 
metal  is  washed  preferably  for  a  time  period  of 
from  about  one  minute  to  about  six  minutes. 

After  step  (a),  the  metal  is  then  washed  with 
water  which  may  either  be  ordinary  tap  water  pref- 
erably  having  a  hardness  of  less  than  about  8 
grains  per  gallon  and  a  pH  of  at  least  about  7  or  by 
deionized  water  as  previously  described. 

After  step  (b),  the  metal  part  is  then  washed  in 
step  (c)  in  an  alkaline  soap  and  water  solution  as 
described  for  step  (a)  of  the  process  of  FIGURES  1 
and  2  but  which  preferably  has  a  lower  alkalinity 
which  has  been  found  to  be  advantageously  pro- 
vided  by  mixing  from  about  one  to  about  four 
ounces  of  an  alkaline  soap  sold  under  the 
tradename  "Super  Terj"  or  "ISW-24"  by  Dubois 
Chemical  with  each  gallon  of  water. 

The  solution  of  step  (c)  like  that  of  step  (a)  is 
preferably  at  a  temperature  of  about  100°  F 
(28  °C)  and  the  metal  is  washed  preferably  for  a 
time  period  of  about  one  minute  to  about  six  min- 
utes. 

After  step  (c),  the  metal  is  rinsed  (preferably 
twice)  in  step  (d)  in  deionized  water  of  the  quality 
hereinbefore  described  for  the  deionized  water  of 
step  (b)  of  the  process  of  FIGURE  1.  The  deionized 
water  is  preferably  at  a  temperature  of  from  about 
100°  F  (21  °C)  to  about  140°  F  (60  °C)  and  coun- 
ter-flow  such  as  through  a  conduit  from  the  second 
rinse  into  the  first  rinse  at  a  predetermined  rate 
may  be  employed  as  previously  described  for  step 
(b)  of  the  process  of  FIGURE  1. 

After  step  (d),  the  metal  part  is  then  rinsed  in 
step  (e)  in  the  morpholine  and  deionized  water 
mixture  previously  described  for  step  (c)  of  the 
process  of  FIGURE  1  which  mixture  is  preferably  at 
a  temperature  of  from  about  70  °  F  (21  °  C)  to  about 
140°  F  (60  °C). 

After  step  (e)  the  metal  part  is  then  dried  in 
step  (f)  preferably  by  either  heating  the  metal  to  a 
temperature  of  at  least  180°  F  (82  °C)  or  by  ex- 
posing  the  metal  to  moving  air  heated  to  a  tem- 
perature  of  from  about  190°  F  (88  °C)  to  about 
230°  F  (110°C). 

The  process  of  the  invention  shown  in  FIGURE 
3  is  advantageous  for  cleaning  extremely  soiled 
metal  parts  that  are  contaminated  with  oil  or  oil-like 
materials  or  other  materials  that  are  soluble  or 
dispensible  in  the  materials  employed  in  the  steps 
of  the  process  of  the  invention. 

In  the  process  of  FIGURE  3,  the  metal  part  is 
first  honed  in  step  (a)  with  an  abrasive  containing 

liquid.  An  example  of  a  liquid  honing  material  found 
to  be  highly  effective  for  removing  surface  resi- 
dues,  varnishes,  and  carbonacious  soils  such  as 
graphite,  is  a  mixture  of  silicon  dioxide  abradant 

5  and  alkaline  soap  and  water.  Preferably  the  silicone 
dioxide  is  about  a  5000  mesh  (3  micron)  and  is 
mixed  at  about  one  pound  for  ten  gallons  of  water 
which  may  be  deionized  water  of  the  quality  herein 
described  or  tap  water  preferably  having  a  hard- 

io  ness  of  less  then  about  8  grams  per  gallon  as 
previously  described.  The  alkaline  soap  is  mixed 
into  the  water  at  about  one  ounce  per  gallon  of 
water.  A  particularly  effective  alkaline  soap  has 
been  found  to  be  previously  described  "Super 

is  Terj"  sold  by  Dubois  Chemical. 
The  honing  liquid  is  preferably  sprayed  against 

the  metal  at  a  spray  pressure  of  about  100  psi  and 
the  temperature  of  the  honing  liquid  is  preferably  at 
a  temperature  of  from  about  70  °  F  (21  °  C)  to  about 

20  100°  F  (38  °C).  The  time  of  honing  is  dependent 
upon  the  soil  load  on  the  metal.  The  mesh  size  of 
the  abradant  is  preferably  greater  than  about  1000 
for  lower  mesh  sizes  may  impart  a  matt  finish  to 
the  metal  and  mesh  sizes  at  or  near  5000  char- 

25  acteristically  do  not  tend  to  cause  dulling  of  shar- 
pened  tool  edges  being  cleaned  by  the  process  of 
the  invention. 

After  step  (a),  the  metal  is  rinsed  in  step  (b) 
with  water  which  may  be  deionized  water  of  the 

30  quality  hereinbefore  described. 
After  step  (b),  the  metal  part  is  washed  in  step 

(c)  with  the  alkaline  soap  and  water  solution  herein- 
before  described  for  step  (a)  of  the  process  of 
FIGURE  1  and  steps  (a)  and  (c)  of  the  process  of 

35  FIGURE  2.  Accordingly,  the  solution  is  preferably 
at  a  temperature  of  from  about  100°  F  (38  °C)  to 
about  180°  F  (82  °C)  and  the  washing  time  is 
preferably  for  a  time  period  of  a  about  one  minute 
to  about  six  minutes. 

40  After  step  (c),  the  metal  is  then  rinsed  in  step 
(d)  with  water  which  may  be  deionized  water  such 
as  described  for  step  (b). 

After  step  (d),  the  metal  is  again  washed  in 
step  (e)  with  the  alkaline  soap  and  water  solution 

45  described  for  step  (c). 
After  step  (e),  the  metal  is  rinsed  in  step  (f) 

with  water  as  previously  described  for  step  (d). 
After  step  (f),  the  metal  is  rinsed  in  step  (g) 

with  the  morpholine  and  deionized  water  mixture 
50  previously  described  for  step  (c)  of  the  process  of 

FIGURE  1  and  for  step  (e)  of  the  process  of 
FIGURE  2  where  the  mixture  is  preferably  at  a 
temperature  of  from  about  70  °  F  (21  °  C)  to  about 
140°  F  (60  °C). 

55  After  step  (g),  the  metal  is  rinsed  (preferably 
flood  rinsed)  with  deionized  water  in  step  (h)  as 
previously  described  for  step  (b)  of  the  process  of 
FIGURE  1  and  for  step  (d)  of  the  process  of 

5 
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FIGURE  2  where  the  deionized  water  is  preferably 
at  a  temperature  of  from  about  100°  F  (38  °C)  to 
about  140°  F  (60  °C)  and  the  time  of  rinsing  is 
preferably  from  about  10  seconds  to  about  four 
minutes. 

In  step  (i)  the  metal  is  rinsed  with  the  mor- 
pholine  and  deionized  water  mixture  previously  de- 
scribed  for  step  (g)  and  for  step  (e)  of  the  process 
of  FIGURE  2  and  step  (c)  of  the  process  of  FIG- 
URE  1.  The  mixture,  as  previously  described,  com- 
prises  a  predetermined  amount  by  weight  of  mor- 
pholine  and  deionized  water  having  a  volume  re- 
sistivity  of  at  least  about  105  ohm  -  cm  at  25°  C 
which  weight  is  preferably  from  about  .1%  to  about 
1  .0%  by  weight  of  the  mixture  which  is  preferably 
at  a  temperature  of  from  about  70  °  F  (21  °  C)  to 
about  140°F  (60  °C). 

In  step  (j)  the  metal  is  dried  for  use  either  as  a 
finished  part  or  in  preparation  for  some  subsequent 
operation  on  the  part  as  the  case  may  be.  As 
previously  described,  the  drying  is  preferably  done 
by  either  heating  the  metal  to  a  temperature  of 
about  180°  F  (82  °C)  or  exposing  the  metal  to  a 
moving  stream  of  air  heated  to  a  temperature  of 
from  about  190°  F  (88  °C)  to  about  230°  F 
(110°C). 

The  process  of  the  invention  is  most  advanta- 
geous  for  cleaning  ferrous  tool  steel  surfaces  in 
preparation  for  receiving  a  coating  of  wear  resistant 
material  such  as  titanium  nitride  well  known  to 
those  skilled  in  the  art. 

By  use  of  the  process  of  the  present  invention 
it  has  been  found  that  the  metal  surfaces  are 
essentially  residue  and  water  spot  free  and  enable 
effective  welding  and/or  bonding  between  the  sur- 
face  and  a  coating. 

In  the  case  of  ferrous  metal,  and  particularly 
ferrous  tool  steel,  care  should  be  taken  as  to  the 
amount  of  time  after  cleaning  that  the  coating  or 
layer  is  applied  for  such  metals  are  subject  to  flash 
rusting  which  would  diminish  its  quality  for  some 
subsequent  operation  thereupon. 

By  way  of  example,  the  Process  of  the  Inven- 
tion  shown  in  FIGURE  1  and  previously  described 
was  utilized  in  preparing  freshly  ground  engine 
valves  for  spray  coating  with  liquid  aluminum  whilst 
being  heated  to  a  temperature  of  about  400°  F 
(204  °C).  The  use  of  a  .25%  by  weight 
ethanolamine  and  deionized  water  solution  in  step 
(c)  resulted  in  30%  rejects  due  to  residue  deposits 
on  the  valves  preventing  bonding  of  the  aluminum 
whereas  the  use  of  trichlorethylene  or  a  mixture  of 
about  .25%  by  weight  moropholine  and  deionized 
water  in  step  (c)  resulted  in  no  rejects.  During  this 
same  process,  the  morpholine  was  omitted  from 
step  (c)  leaving  only  the  dionized  water  as  the 
rinse.  The  result  was  flash  corrosion  to  the  valve 
surfaces  resulting  in  100%  rejects  underlining  the 

surprising  effect  of  relatively  low  quantities  of  mor- 
pholine  in  the  rinse  of  step  (c). 

By  way  of  yet  another  example,  the  process  of 
the  invention  herein  described  with  respect  to  FIG- 

5  URE  2  was  utilized  in  preparing  M-2  high  speed 
machining  steel  for  a  coating  of  titanium  nitride  in 
which  tap  water  was  inadvertantly  used  in  the  rinse 
of  step  (e)  and  resulted  in  water  spotting  that 
prevented  the  titanium  nitride  from  bonding  to  the 

io  steel.  Replacing  the  tap  water  with  deionized  water 
resulted  in  complete  bonding  of  the  titanium  nitride 
to  the  steel. 

Claims 
15 

1.  A  process  for  cleaning  a  metal  surface  of  a 
metal  part  to  permit  a  wear  resistant  material 
to  be  adhered  to  that  surface,  the  process 
comprising  in  order  the  steps  of: 

20  (a)  washing  with  an  alkaline  soap  solution; 
(b)  rinsing  with  deionised  water  of  volume 
resistivity  of  at  least  105  ohm-cm  at  25  °C; 
(c)  rinsing  with  a  water-soluble 
amine/deionized  water  mixture,  the  amine 

25  having  a  vapour  pressure  of  at  least  10%  of 
the  vapour  pressure  of  water  at  20  °C  and 
the  deionized  water  having  a  volume  re- 
sistivity  of  at  least  105  ohm-cm  at  25  °C; 
and 

30  (d)  drying. 

2.  A  process  according  to  claim  1,  wherein  be- 
tween  steps  (a)  and  (b)  the  metal  surface  is 
subjected  to 

35  (a')  rinsing  with  water;  and 
(a")  washing  with  an  alkaline  soap/water  so- 
lution  of  a  prescribed  alkalinity. 

3.  A  process  according  to  claim  2,  wherein  prior 
40  to  step  (a)  the  metal  surface  is  subjected  to 

(x)  honing  with  an  abrasive-containing  liquid; 
and 
(y)  rinsing  with  water;  and  wherein  between 
steps  (a")  and  (b)  the  metal  surface  is  sub- 

45  jected  to 
(a'")  rinsing  with  water;  and 
(a"")  rinsing  with  a  water-soluble 
amine/deionized  water  mixture  as  specified 
in  claim  1  . 

50 
4.  A  process  according  to  any  one  of  claims  1  to 

3,  wherein  step  (b)  comprises  two  separate 
rinses  and  wherein  deionized  water  from  the 
second  rinse  is  re-used  at  a  predetermined 

55  rate  for  the  first  rinse. 

5.  A  process  according  to  any  one  of  claims  1  to 
4,  wherein  in  step  (a),  the  temperature  of  the 

6 
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alkaline  soap/water  solution  is  38  to  82  °C;  in 
step  (b),  the  temperature  of  the  deionized  wa- 
ter  is  38  to  60  °  C;  and  in  step  (c),  the  tempera- 
ture  of  the  water-soluble  amine/deionized  water 
mixture  is  21  to  60  °  C. 

6.  A  process  according  to  any  one  of  claims  2  to 
5,  wherein  in  step  (a")  the  temperature  of  the 
alkaline  soap/water  solution  is  38  to  82  °  C  and 
the  solution  is  less  alkaline  than  that  in  step 
(a). 

7.  A  process  according  to  any  one  of  claims  2  to 
6,  wherein  the  water  of  at  least  one  of  steps 
(a'),  (y)  and  (a'")  is  deionized  water. 

8.  A  process  according  to  claim  7,  wherein  the 
deionized  water  has  a  volume  resistivity  of  at 
least  105  ohm-cm  at  25  °C. 

9.  A  process  according  to  any  one  of  claims  1  to 
8,  wherein  the  water-soluble  amine  is  mor- 
pholine. 

10.  A  process  according  to  claim  9,  wherein  the 
morpholine/water  mixture  contains  0.1%  to 
I  .  0%  by  weight  morpholine. 

11.  A  process  according  to  any  one  of  claims  3  to 
10,  wherein  honing  is  carried  out  by  spraying 
the  metal  surface  with  the  abrasive-containing 
liquid  under  pressure. 

12.  A  process  according  to  any  one  of  claims  3  to 
I  I  ,  wherein  the  abrasive-containing  liquid  com- 
prises  a  mixture  of  an  alkaline  soap,  an  abra- 
sive  and  water. 

13.  A  process  according  to  any  one  of  claims  3  to 
12,  wherein  the  abrasive  is  silicon  dioxide. 

14.  A  process  according  to  any  one  of  claims  3  to 
13,  wherein  the  abrasive  has  a  mesh  size 
greater  than  1000. 

15.  A  process  according  to  any  one  of  claims  3  to 
13,  wherein  the  abrasive  has  a  mesh  size  of 
about  5000. 

16.  A  process  according  to  any  one  of  claims  1  to 
15,  wherein  the  metal  part  is  a  metal  cutting 
tool  and  the  wear  resistant  material  is  titanium 
nitride. 

Patentanspruche 

1.  Verfahren  zum  Reinigen  einer  Metalloberflache 
eines  Metallteils  urn  zu  gestatten,  dal3  ein  ab- 

nutzungsbestandiges  Material  auf  die  Oberfla- 
che  aufgebracht  wird,  wobei  das  Verfahren  in 
der  Reihenfolge  die  folgenden  Schritte  auf- 
weist: 

5  (a)  Waschen  mit  einer  alkalischen  Seifenlo- 
sung; 
(b)  Spulen  mit  entionisiertem  Wasser  mit 
einem  Volumenwiderstand  von  mindestens 
105  Ohm-cm  bei  25  °C; 

io  (c)  Spulen  mit  einer  Mischung  aus  wasser- 
loslichem  Amin  und  entionisiertem  Wasser, 
wobei  das  Amin  einen  Dampfdruck  von  min- 
destens  10  %  des  Dampfdrucks  von  Was- 
ser  bei  20  °C  besitzt  und  wobei  das  entio- 

15  nisierte  Wasser  einen  Volumenwiderstand 
von  mindestens  105  Ohm-cm  bei  25  °C 
besitzt;  und 
(d)  Trocknen. 

20  2.  Verfahren  gemaB  Anspruch  1,  wobei  die  Me- 
talloberflache  zwischen  den  Schritten  (a)  und 
(b)  den  folgenden  Schritten  ausgesetzt  wird: 

(a')  Spulen  mit  Wasser;  und 
(a")  Waschen  mit  einer  Losung  aus  alkali- 

25  scher  Seife  und  Wasser  mit  einer  vorge- 
schriebenen  Alkalitat  bzw.  einem  vorge- 
schriebenen  Laugengrad. 

3.  Verfahren  gemaB  Anspruch  2,  wobei  die  Me- 
30  talloberflache  vor  dem  Schritt  (a)  den  folgen- 

den  Schritten  ausgesetzt  wird: 
(x)  Abziehen  bzw.  Abbeizen  mit  einer 
Schleifmittel  enthaltenden  Flussigkeit;  und 
(y)  Spulen  mit  Wasser;  und 

35  wobei  die  Metalloberflache  zwischen  den 
Schritten  (a")  und  (b)  den  folgenden  Schritten 
ausgesetzt  wird: 

(a'")  Spulen  mit  Wasser;  und 
(a"")  Spulen  mit  einer  Mischung  aus  was- 

40  serloslichem  Amin  und  entionisiertem  Was- 
ser  wie  in  Anspruch  1  beschrieben. 

4.  Verfahren  gemaB  einem  der  Anspruche  1  bis 
3,  wobei  der  Schritt  (b)  zwei  getrennte  Spul- 

45  gange  umfaBt  und  wobei  entionisiertes  Wasser 
vom  zweiten  Spulgang  mit  einer  vorbestimm- 
ten  Rate  wiederverwendet  wird  fur  den  ersten 
Spulgang. 

50  5.  Verfahren  gemaB  einem  der  Anspruche  1  bis 
4,  wobei  im  Schritt  (a)  die  Temperatur  der 
Losung  aus  alkalischer  Seife  und  Wasser  38 
bis  82  °  C  ist;  wobei  im  Schritt  (b)  die  Tempe- 
ratur  des  entionisierten  Wassers  38  bis  60  °  C 

55  ist;  und  wobei  im  Schritt  (c)  die  Temperatur 
der  Mischung  aus  wasserloslichem  Amin  und 
entionisiertem  Wasser  21  bis  60  °  C  ist. 

7 
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6.  Verfahren  gemaB  einem  der  Anspruche  2  bis 
5,  wobei  im  Schritt  (a")  die  Temperatur  der 
Losung  aus  alkalischer  Seife  und  Wasser  38 
bis  82  °C  ist  und  wobei  die  Losung  weniger 
alkalisch  ist  als  die  im  Schritt  (a). 

7.  Verfahren  gemaB  einem  der  Anspruche  2  bis 
6,  wobei  das  Wasser  von  mindestens  einem 
der  Schritte  (a'),  (y)  und  (a'")  entionisiertes 
Wasser  ist. 

8.  Verfahren  gemaB  Anspruch  7,  wobei  das  entio- 
nisierte  Wasser  einen  Volumenwiderstand  von 
mindestens  105  Ohm-cm  bei  25  °C  besitzt. 

9.  Verfahren  gemaB  einem  der  Anspruche  1  bis 
8,  wobei  das  wasserlosliche  Amin  Morpholin 
ist. 

10.  Verfahren  gemaB  Anspruch  9,  wobei  die  Mi- 
schung  aus  Morpholin  und  Wasser  0,1  bis  1,0 
Gew.%  Morpholin  enthalt. 

11.  Verfahren  gemaB  einem  der  Anspruche  3  bis 
10,  wobei  das  Abziehen  bzw.  Abbeizen  durch- 
gefuhrt  wird  durch  Bespruhen  der  Metallober- 
flache  mit  der  Schleifmittel  enthaltenden  Flus- 
sigkeit  unter  Druck. 

12.  Verfahren  gemaB  einem  der  Anspruche  3  bis 
1  1  ,  wobei  die  Schleifmittel  enthaltende  Flussig- 
keit  eine  Mischung  aus  alkalischer  Seife,  ei- 
nem  Schleifmittel  und  Wasser  aufweist. 

13.  Verfahren  gemaB  einem  der  Anspruche  3  bis 
12,  wobei  das  Schleifmittel  Siliziumdioxid  ist. 

14.  Verfahren  gemaB  einem  der  Anspruche  3  bis 
13,  wobei  das  Schleifmittel  eine  mesh-  oder 
MaschengroBe  von  mehr  als  1000  besitzt. 

15.  Verfahren  gemaB  einem  der  Anspruche  3  bis 
13,  wobei  das  Schleifmittel  eine  mesh-  oder 
MaschengroBe  von  ungefahr  5000  besitzt. 

16.  Verfahren  gemaB  einem  der  Anspruche  3  bis 
15,  wobei  das  Metallteil  ein  Metallschneidwerk- 
zeug  ist  und  wobei  das  abnutzungsbestandige 
Material  Titannitrid  ist. 

Revendicatlons 

1.  Procede  de  nettoyage  d'une  surface  metallique 
d'une  partie  de  metal  en  vue  de  permettre  a 
un  materiau  resistant  a  I'usure  d'adherer  a 
cette  surface,  le  procede  comprenant  dans 
I'ordre  les  etapes  de  : 

(a)  lavage  avec  une  solution  alcaline  de 
savon; 
(b)  ringage  avec  de  I'eau  desionisee  d'une 
resistivite  volumique  d'au  moins  105  ohm- 

5  cm  a  25  °  C  ; 
(c)  ringage  avec  un  melange  d'une  amine 
soluble  dans  I'eau  et  d'eau  desionisee, 
I'amine  ayant  une  tension  de  vapeur  d'au 
moins  10%  de  la  tension  de  vapeur  de  I'eau 

io  a  20  °  C  et  I'eau  desionisee  ayant  une  resis- 
tivite  volumique  d'au  moins  105  ohm-cm  a 
25  °  C  ;  et 
(d)  sechage. 

is  2.  Procede  selon  la  revendication  1,  dans  lequel 
la  surface  metallique  est  soumise,  entre  les 
etapes  (a)  et  (b),  a  : 

(a')  un  ringage  avec  de  I'eau  ;  et 
(a")  un  lavage  avec  une  solution  savon  alca- 

20  lin  /  eau  dont  I'alcalinite  est  imposee. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
la  surface  metallique  est  soumise,  prealable- 
ment  a  I'etape 

25  (a),  a  : 
(x)  un  honing  avec  un  liquide  contenant  un 
abrasif  ;  et 
(y)  un  ringage  avec  de  I'eau  ; 

et  dans  lequel  la  surface  metallique  est  soumi- 
30  se,  entre  les  etapes  (a")  et  (b),  a  : 

(a"')un  ringage  avec  de  I'eau  ;  et 
(a"")  un  ringage  avec  un  melange  d'une 
amine  soluble  dans  I'eau  et  d'eau  desioni- 
see,  tel  que  defini  dans  la  revendication  1  . 

35 
4.  Procede  selon  I'une  quelconque  des  revendi- 

cations  1  a  3,  dans  lequel  I'etape  (b)  com- 
prend  deux  ringages  separes  et  dans  lequel  on 
reutilise  pour  le  premier  ringage  I'eau  desioni- 

40  see  du  second  ringage,  a  un  debit  predetermi- 
ne. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  lequel  la  temperature  de  la 

45  solution  savon  alcalin/eau  dans  I'etape  (a)  est 
comprise  entre  38  et  82  °  C;  la  temperature  de 
I'eau  desionisee  dans  I'etape  (b)  est  comprise 
entre  38  et  60  °  C  ;  et  la  temperature  du  melan- 
ge  de  I'amine  soluble  dans  I'eau  et  de  I'eau 

50  desionisee  dans  I'etape  (c)  est  comprise  entre 
21  et  60  °C. 

6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  2  a  5,  dans  lequel  la  temperature  de  la 

55  solution  savon  alcalin/eau  dans  I'etape  (a")  est 
comprise  entre  38  et  82  °C  et  la  solution  est 
moins  alcaline  que  celle  de  I'etape  (a). 

8 
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7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  2  a  6,  dans  lequel  I'eau  d'au  moins 
une  des  etapes  (a'),  (y)  et  (a'")  est  de  I'eau 
desionisee. 

5 
8.  Procede  selon  la  revendication  7,  dans  lequel 

I'eau  desionisee  a  une  resistivite  volumique 
d'au  moins  105  ohm-cm  a  25  °C. 

9.  Procede  selon  I'une  quelconque  des  revendi-  10 
cations  1  a  8,  dans  lequel  I'amine  soluble  dans 
I'eau  est  la  morpholine. 

10.  Procede  selon  la  revendication  9,  dans  lequel 
le  melange  morpholine/eau  renferme  0,1%  a  is 
1  ,0%  en  poids  de  morpholine. 

11.  Procede  selon  I'une  quelconque  des  revendi- 
cations  3  a  10,  dans  lequel  le  honing  est 
realise  en  pulverisant  sur  la  surface  metallique  20 
le  liquide  sous  pression  contenant  un  abrasif. 

12.  Procede  selon  I'une  quelconque  des  revendi- 
cations  3  a  11,  dans  lequel  le  liquide  contenant 
un  abrasif  comprend  un  melange  d'un  savon  25 
alcalin,  d'un  abrasif  et  d'eau. 

13.  Procede  selon  I'une  quelconque  des  revendi- 
cations  3  a  12,  dans  lequel  I'abrasif  est  du 
dioxyde  de  silicium.  30 

14.  Procede  selon  I'une  quelconque  des  revendi- 
cations  3  a  13,  dans  lequel  I'abrasif  a  une  taille 
de  maille  superieure  a  1000. 

35 
15.  Procede  selon  I'une  quelconque  des  revendi- 

cations  3  a  13,  dans  lequel  I'abrasif  a  une  taille 
de  maille  d'environ  5000. 

16.  Procede  selon  I'une  quelconque  des  revendi-  40 
cations  1  a  15,  dans  lequel  la  partie  de  metal 
est  un  outil  pour  couper  le  metal  et  le  materiau 
resistant  a  I'usure  est  le  nitrure  de  titane. 

45 

50 
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