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Method 90r  t h e  Production 09 Strongly  Adhesive Metal  F i lms 

on Titanium and Titanium A l loys  w i t h  a NeQal Spraying Process 

Hans-J i-irgen Hahn 

Patent Claims "-----. 

I .  Pr-aces% f o r  t he  a p p l i c a t i o n  a4 s t r ong l y  adhesive m e t a l l i c  f i l m s  

f o r  an i r i f r i c . t i on  l a y e r s  on t i t a n i u m  o r  t i t a n i u m  a l l a y  compnrtents i n  a  

metal spray process, f o l l o w i n g  a  treatment n+ t h e  compor-tents by g r i t  

b l a s t i n g  or  ci-~emical p i c k l i n g ,  cl-taracterized by t h e  f a c t  t h a t  a  

p r o t e c t i v e  f i l m  o f  a  s t rong reduc t ion  agent such as s o l u t i o n s  o f  

hydrazine a r  hydroxylamine d e r i v a t i v e s  a re  app l ied  t o  the  components, 

and t h a t  a  t h i n  in te rmedia te  l aye r  ad n i c k e l  i s  app l ied  t o  i n su re  

b e t t e r  adhesion n f  the  wear- res is tant  l a ye r  which i s  t o  be app l i ed  

a.Fterward. 

J"i . Process according t a  Claim I ,  charac ter ized by t h e  f a c t  t h a t  

~arnp1e~:ing I-~ydrazine cir hydro:.: y l  amine d e r i v a t i v e s  i n  t he  form o f  

t h e i r  s a l t s  a re  added a l ready du r ing  b l a s t i n g  and c lean ing  i n  a c i d  

p i c k l i n g  baths. 

3. Process according t a  Claims 1 or  2, charac ter ized by t h e  f a c t  

t h a t  the  adhesion nf t he  wear--resistant l a ye r  i s  improved by harden- 

i n g  a t  temperattir-.es arix..!nd 300" C and t he  +ormat ian o f  t he  i r t te r - -  

i ne ta l l  i c compottnd T i  Ni a t  t he  i ntei-f ace. 

4. Process ar::corclirtg t o  Claims 1. t l ~ a ~ ~ g h  3, chararteu-ized by t h e  

+ac t  tl-tat h i  gh:L ), par-ot-ts s i  n tered 1  ayers a re  %@rayed ontn t he  compo- 

nertts and t h a t  these are  impregnated i n  a  vacuum w i t h  a i l  o r  o ther  

ai '?%i+rj.c%ion l.irqi.\irl.is. 



5. Process acccx-ding t o  Claims 1 through 3, charac ter ized by t he  

f a c t  that. s o l i d  s l i p  a d d i t i v e s  j.n t h e  form of mc~l.ybdenum s u l f i d e  nt- 

g raph i t e  a re  s i n t e red  i n  du r ing  t h e  spray a p p l i c a t i o n  o f  the  a n t i -  

f r i c t i o n  laye r .  

The i nven t i on  concerns a process t o  apply adhesive metal f i l m s  

t o  t i t a n i u m  and t i t a n i u m  a l l o y s  w i t h  a metal spray ing process, 

Ti tanium and t i t a n i u m  a l l o y s  have a number o f  exce l l en t  proper- 

t i e s  as a r e s u l t  o f  whi.ch t h e i r  tecktnolaqical appl  j.catiarr, especia l  l y 

i n  aeronaut ics and space t r a v e l ,  has considerably  gained i n  s i g n i f i -  

cance. However, t i  t.anium and i t s  a l l u y s  a l so  have a number o f  disad- 

vantages which are  no t  acceptable espec ia l l y  i n  t he  above-mentioned 

f ie l .ds ,  e. g. i t s  poor a n t i f  r i c t i o n  p roper t i es ,  i t s  extreme abrasion, 

and i t s  tendency t o  wear due t o  d r y  f r i c t i o n .  Fur ther ,  t i t a n i u m  

p a r t s  a re  a l so  sub jec t  t o  f r e t t i n g  co r rc~s ian  which i s  caused by h i gh  

sctr.Face pressctre a t  screw, bu l  t ed  , o r  u ther  types o f  connections, 

A number of processes has been suggested t o  e l im ina te  o r  a t  

l e a s t  a l  l e v i  a t e  these d i  sadvantageaus praper t ies .  Far instance,  i n  

order t o  improve t h e  wear c h a r a c t e r i s t i c s  o f  t i t a n i u m  components, i t  

has been suggested t a  sub jec t  them t o  heat t reatment i n  a s a l t  bath,  

or t o  t r e a t  them w i t h  cu r ren t l ess  o r  electrodeposii  t i o n .  

Many o.f these processes can on l y  be advanirayeously u t i l i z e d  i f  

t h e  s t r e s s  t o  which t he  components a re  subjected i s  r e l a t i v e l y  smal l .  

I f  greater  str-esses occur-, t h e  appl  j.ca*tiui-t 0.4: addi t i a n a l  ma te r i a l s  

becomes a necess i ty ,  such as, f a r  instance, t h e  app l i ca t i on  o f  a 

s t e e l  4 i l m ,  However, t h i s  r e s u l t s  i n  a considerable --and f r equen t l y  

i nat::ceptak) l e--. l o s s  a4 t h e  weight advantages which are  a t t a i ned  by 

t h e  u%;e o f  t i t an ium.  Th is  ha lds  p a r t i c u l a r l y  k rue  i n  view o f  the  
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f a c t  t h a t  considerable problems a r i s e  w i t h  t he  a p p l i c a t i o n  o f  s t rong-  

l y  adhesive metal f i l m s  as t i t a n i u m  has a s t rong tendency t o  bond t o  

oxygen and n i t r cqen ,  Even a t  room temperatures, new ax ide  and n i -  

t r i d e  l aye r s  form very q u i c k l y  an r e c e n t l y  cleaned t i t a n i u m  surfaces. 

These very t h i n  la> jers  a re  e lect raconduct ive;  and, as a r e s u l t ,  wh i l e  

e lect rodepasi  t i o n  i s  pass ib le ,  t he  coa t ing  does na t  adhere wel l and 

i s  o f  t en  no t  reproducib le,  

The a f d - i n i t y  a+ t i t a n i u m  and t i t a n i u m  a l l a y s  t o  uxygefs and 

r?itiragen and t he  res t t l  t a n t  fa rmat ion  o f  nan-metal l i c  l aye r s  hamper 

appl  i c a t i o n  o f  adhesive metal f i  lms t o  these mater ia ls .  

The Germars ..., Ausl egeschri f t tpater l t  speci f i c a t i  on 3 Na. 1 ,(:172,86(:1 

presents a process t o  c lean t he  sur-faces o f  metals and a l l a y s  which 

have a great  a f f i n i t y  t o  oxygen and n i t rogen.  I n  t h i s  process, t h e  

sur face t o  be cleaned i s  subjected t o  the  r e a c t i o n  o.f an organic  

l i q u i d ,  e,g, es te r  and alcohol.. Th is  i s  t o  prevent t he  r e a c t i o n  o f  

t h e  halogens w i t h  the  l i q u i d  which r e s u l t s  i n  campaunds t h a t  a re  

de t r imenta l  t o  metal]. i z a t i a n .  However, experience has shown t h a t  

w i t h  t h i s  process, too, i t  i s  very d i f 4 i c u l t  t o  apply t h i c k e r  a n t i -  

f r i c t i o n  l aye r s  i n  order t o  a t t a i n  adhesive sur+aces. 

A f u s i on  welding process has become known by which a metal 

sprayed l aye r  i s  bonded t a  a r e l a t i v e l y  smooth metal surface. I n  

t h i s  process, a n i c k e l  e lec t rode  depos i ts  smal l  n i c k e l  p a r t i c l e s  an 

t.he sur face a+ t h e  base metal, which are  then fused t o  i t . While t h e  

n i c k e l  i s  be ing .fused t o  the  base metal, t he  s~tbsequertt ly sprayed 

l aye r s  are  on l y  mechanical ly connected t o  t h e  base metal and t he  

p ro t r ud i ng  n i c k e l  p a r t i c l e s .  The band o+ these l aye r s  i s  e n t i r e l y  

unsa t i  s f ac ta r y  , especia l  l y f a r  aeronatt t ics and space appl i ca t i ons .  

The o ther  process known t o  date f o r  t he  a p p l i c a t i o n  o f  add i t i on -  

al l a ye r s  i s  t h e  su-cal led spray welding process. I n  t h i s  process, a 

mnlybdenum l aye r  i s  sprayed onto t h e  base metal. Th is  does r e s u l t  i n  



a gaad bond between t he  base metal and t he  sprayed-on metal, hawever, 

t he  bond betweer~ .the molybdenttm and t he  base metal req t t i res  consider-  

ab le  add i t i ona l  measures i f  i t  i s  t o  be s u d f i c i e n t  +o r  %hose app l ica-  

t i o n s  which a re  mast f requen t l y  requi red.  Such add i t i ona l  measures 

inc lude,  -For instance,  the  a p p l i c a t i o n  o-F an undercut network ad 

grooves ta t h e  sur face o f  the  base metal, so t h a t  t h e  adhesive bond 

i s  supplemented by t he  add i t i ona l  -Force o f  t he  mechanical i n t e r l o c k  

between the  base l aye r  and t h e  sprayed-an molybdenum. Another disad- 

vantage o f  t h e  above--menti uned composi t e  processes i s  the  f a c t  t h a t  

they  r e q u i r e  h igh  temperatures and thus  cause de-formations i n  t.he 

base metal. 

German patent  s p e c i f i c a t i o n  Pfo. 1,293,515 discusses a process i n  

impr-ove adhesiun o f  metal l a ye r s  by roughening t he  sur face o f  the  

base metal p r i o r  t o  t,he a p p l i c a t i o n  o-F t he  layers .  The sur face i s  

r-oughened by sparks dram a m e t a l l i c  e lec t rode  which daes no% consume 

i t s e l f ,  and which causes small recesses and ho les  t o  form, A-Fter t h e  

sur face has been roughened, a t h i n  in te rmedia te  metal l a ye r  i s  spray- 

ed on which i s  a l s o  rotighened by sparC::s from a metal 1 i c  e lec t rode  

which does no t  consume i t s e l + ,  and a t  the  same t ime  +used t o  t h e  base 

met.al. In t h i s  process, t he  inter-mediate l aye r  cons is t s  o f  a  metal 

whose me l t i ng  p a i n t  i s  lower than t h a t  o f  t h e  C ina l  metal l aye r .  

Adter t he  e l e c t r i c  spark t reatment,  t he  sur face i s  subjected t o  a 

5 . l i gh t  b l a s t i n g  process w i t h  an abras ive t o  remove the  carbon-con- 

ta ir . t ing depos i ts  l e f t  by the  sparks. I-luwever, t .h is  process does no t  

so l ve  t he  problems o.f t he  a p p l i c a t i a n  o f  adhesive l aye r s  on t i t a n i u m  

and t i t a n i u m  a l l o y s ,  as even mulybder~um l aye rs  app l i ed  according t o  

t h e  plasma technique do no t  sdhere s a t i s - f a c t o r i l y  t o  t i tan ium.  

To date, i t  has been attempted t u  counter-act t he  ox i da t i on  

between the  c lean ing  and t he  m e t a l l i z a t i o n  phases by constant mais- 

t.ening w i t h  water. However, aE. water usua l l y  conta ins  a i r  and o ther  

gases i n  t h e i r  d i  ssolved s ta tes ,  t h i s  process cannot q u i t e  e l im ina te  

t h e  ttndesit-ed s ~ i r f a c e  reac.tions, ei. t l ter, and i t  can on ly  be used when 

$01 lawed by an e lec t rodepos i t i on .  113 orrder kc2 apply  metal sprayed 

l a y e ~ s ,  t he  t i  tani. r.tm camporlent would have t o  be dr-ied immedi ate1 y 



p r i o r  t o  t h e  p r o c e s s ;  i t  would t h e n  b e  e x p o s e d  t o  a i r ,  a n d  o x i d a t i o n  

w a u l d  b e g i n  i m m e d i a t e l y .  

I n  a r d e r  t o  i m p r o v e  t h e  a n t i f r i c t i o n  p r o p e r t i e s  a+ t h e  compo- 

n e n t ,  l a y e r s  w i t h  s e l f - l u b r i c a t i n g  d e p o s i t s  - F r o m  s i n t e r e d  b r o n z e  w i t h  

n i l  r e s e r v e s  are a p p l i e d  t u  t h e  p o r e s  a n d  t o  t i t a n i u m  a l l o y s  as  

c i x u - t t e r - a c t i n g  materials, However ,  e x p e r i e n c e  h a s  shown t h a t  a f t e r  

g r i t  b l a s t i n g  a+ t h e  s u r f a c e ,  s u c h  s p r a y e d - o n  b r o n z e  a d h e r e s  s o  

pour-l  y  t o  t i t a n i u m  a n d  t i t a n i u m  a l l o y s  t h a t  t h e  a p p l i e d  s i n t e r e d  

l a y e r s  s e p a r a t e  e a s i l y  e v e n  u n d e r  r e l a t i v e l y  l i g h t  l o a d s  a n d  are t h u s  

u s e l e s s  as  a n t i - f r i c t i a n  l a y e r s .  

The  i n v e n t i o n  ir; L3a.sed a n  t h e  tasi.:: o f  c r e a t i n g  a p r o c e s s  w h i c h  

el i m i n a t e s  t h e  a.foremen.tiui-Ied p r o b l  e m s  i n  t h e  s p r a y  metal a p p l  i c a t i  on 

o f  s t r a n g l y  a d h e s i v e  metal l a y e r s  o n  t i t a n i u m  a n d  its a l l a y s .  

T h i s  t a s k  is s o l v e d  b y  a p p l y i n g  a p r o t e c t i v e  f i l m  a f  a s t r o n g  

r e d u c t i o n  a g e n t  t a  t h e  c o m p o n e n t s ,  s u c h  a s  s o l u t i o n s  o f  h y d r a z i n e  ar- 

h y d r a x y l a m i n e  d e r i v a t i v e s ,  a n d  b y  s p r a y - a p p l  y i n g  a t h i n  i n t e r - m e d i a t e  

l a y e r  o-f n i c k e l  s o  a s  t o  e n s t i r e  b e t t e r  a d h e s i o n  a+ t h e  w e a r - r e s i s t a n t  

l a y e r  which  is t a  b e  a p p l i e d ,  T h e s e  m e a s u r e s  naw make i t  p o s s i b l  e t a  

e x p o s e  t h e  c l e a n e d  t i t a n i u m  s u r f a c e s  t a  a i r  f o r  a l i m i t e d  per- iod 04 

t i m e  w i t h o u t  r e s u l t i n g  i n  t h e  o x i d a t i o n  e f f e c t s  w h i c h  r e d u c e  a d h e -  

s i o n .  T h i s  is e v e n  t r u e  +or t h e  h i g h e r  t e m p e r a t u r e  r e q u i r e d  f o r  

metal s p r a y i n g .  

The  p r o c e s s  acc :a rd ing  t o  t h e  i n v e n t i a n  f u r t h e r  c a l l s  -Far t h e  

a d d i t i o n  o f  s t r o n g  r e d u c i n g  s a l t s  i n  t h e  f o r m  a+ - F l u o r i d e s  a $  h y d r a -  

z i f i e  or hydro:.: y l a m i  r y e  d e i r i v a . t i v e s  e v e n  d u r i n g  b l  a s k i n g  a n d  c l  e a n i  ng  

i n  a c i d  p i c k l i n g  b a t h s .  T h i s  c a u s e s  t h e  o x i d e s  a n d  n i t r i d e s  09  

t i t a n i u m  t u  d i s s o l v e  w h i l e  c a m p l e x i n g  i n t o  as h y d r o z o n i u m - h e x a f l u a r -  

t i t a n a t e  INzHs) ,f f i F a f  at- hydraxy l .  ammonium h e x a f  l u r o t i  t a n a t e  

INl~~ixOf-I)z~ff:TiFa!,3 &I: t h e  same t i m e ,  t h e  d i s s o l v e d  a x y g e n  f r o m  t h e  a i r  

i s al s c 3  r emaved  i 1-1 t h e  p i  ckl i n g  b a t 1 - I ~ ~  t h u s  p r e v e n t i n g  r ~ ? n e w e d  ox i da -  

t i a n  . 



F o r  v r i o u s  t i t a n i u m  a1 l a y s ,  t h e  i n v e n t i o n  c a l l s  f a r  i m p r a v i n g  

t h e  a d h e s i o n  o f  t h e  w e a r - r e s i s t a n t  l a y e r  b y  h a r d e n i n g  a t  t e m p e r a t u r e s  

a r o u n d  500" C a n d  f a t - m a t i o n  a f  t h e  i n t e r m e t a l l i c  compound T iNi  a t  t h e  

i n t e r f  ace. T h e  a n t i f r i c t i a n  l a y e r s  o b t a i n e d  i n  t h i s  manner  a d h e r e  so  

wel.1 t h a t  t h e y  c a n  w i t h s t a n d  metal c u t t i n g  w o r k  w i t h o u t  c h i p p i n g  

o f f .  

The  p r o c e s s  a c c a r d i n g  t o  t h e  i n v e n t i a n  f u r t h e r m o r e  c a l l s  +or t h e  

s p r a y  a p p l  icatioi-t o f  h i g h 1  y  p a r o t r s  s i n t e r - e d  l a y e r s  which  are vacc!ctm- 

i m p r e g n a t e d  w i t h  oi  1 or o t h e r  a n t i - f r i c t i a n  l i q u i d s .  

I n  u rde r -  t o  impr-ove t h e  a n t i f r i c t i a n  p r o p e r t i e s ,  s a l i d  s l i p  

a d d i t i v e s  i n  t h e  -form o f  malybdenum s u l f i d e  ar g r a p h i t e  are t a  b e  

s i n t e r e d  i n  when t h e  a n t i f r i c t i a n  l a y e r  is s p r a y e d  o n t a  t h e  compa- 

n e n t .  

The  f  a l l a w i n g  d e s c r i p t i o n  c a n t a i n s  d a t a  w h i c h  h a v e  a c t u a l  1  y b e e n  

a b t a i n e d  , however- ,  . t h e s e  d a t a  shoc t ld  a n 1  y  b e  c o n s i d e r e d  e:.:amples 

w i t h i n  t h e  s c a p e  o-f t h e  p r o c e s s  a c c o r d i n g  t o  t h e  i n v e n t i o n .  The  

e x t e n t  o f  t h e  i n v e n t i a n  is n u t  l i m i t e d  t a  t h e  e x a m p l e s  d e s c r i b e d  

her-ei  n  . 

B o l t s  a n d  b e a r i n g  s h e l l s  o f  a TibA14V a l l a y  are t a  r e c e i v e  a 

s e l f - l u b r - i c a t i n g  a n t i f r i c t i a n  l a y e r ,  Fc>r t h i s  p u r p u s e ,  t h e  t i t a n i u m  

a1 l o y  t ~ a m p o n e n t s  are f  ir-st s u b - j e c t e d  t o  a g e n e r a l  1 y  known s~1.r-f ace 

t r e a t m e n t  uf  d e g r e a s i n g  a n d  g r i t  b l a s t i n g .  I m m e d i a t e 1  y  a f t e r  t h i s  

t r -ea tn ier l t  , a sol  u t i a n  cs-f a s y m m e t r i  cal.  d i m e t h y l h y d r a z :  i n e  - -wi th  a 

ratit2 a f  appro, : imat:ely 1: 80---- is s p r a y e d  u n t o  t!-te cumpai-tents.  T h i s  

i m m e d i a t . e l y  f a r m s  a t h i n  p r o t e c t i v e  f i l m  w h i c h ,  f a r  a p e r i o d  o f  a t  

least  t h r e e  m i n u t e s ,  p r e v e n t s  a n y  s u r + a c e  ox i d a t i o n  a 4  t h e  m e t a l  1 i c  

bl .ank s u r f a c e  d u e  t a  e:.:pasure t a  a i r ,  W i t h i n  t h e s e  t h r e e  m i n u t e s z j  

t h e  i n t e r - m e d i a t e  l a y e r  o f  n i c k e l  is s p r a y e d  o n t o  t h e  c a m p a n e f ? t s ,  a n d  

the p r e p a r e d ,  s t i l l  h a t  c o m p a n e n t s  are now s p r a y e d  i m m e d i a t e 1  y  w i t h ,  

f a r  i n s t a n c e ,  s i n t e r - e d  b r o n z e  SnBzb a c c o r d i n g  t o  D I N  17,662, w i t h  a 

t h i c k n e s s  a f  j. nim. "f'his% l a y e r  a d h e r e s  s o  s t r o n g l y  t o  t h e  t i t a n i u m  

c a m p a n e n t  t h a t  t h e  ~ . u r - + a c e  car? ur?clergo metal c u t t i n g  ~ u r l . :  w i t h o u t  a n y  



problems. The r e s u l t a n t  porous bronze laye r  i s  now impregnated w i t h  

an o i l  w i t h  h i gh  pressure a d d i t i v e s  fhypoid o i l >  i n  a  vacuum a t  50" 

C .  This bror?ze a n t i f r i c t i o n  l aye r  works perefectly and i s  ab le  t o  

wi thstand s t ress ,  

The t h i n  n i c k e l  l a ye r  between t he  t i t a n i u m  sur face and t h e  

a n t i f r i c t i o n  metal, which must be app l ied  i n  a  t h i c k  l aye r ,  i s  a  

suitab1.e adhesive agent. I n  order t o  a t t a i n  goad bonding between t he  

t i t a n i u m  nr t he  t i t a n i u m  a l l o y  and t he  n i c k e l  l a ye r ,  t he  in te rmeta l -  

l i c  compaund T iN i  must farm through t he  d i f fus i .on  o f  n i c k e l  i n t o  t he  

component . Th is  occurs immediately when the  n i c k e l  l aye r  i s  sprayed 

an, as t h i s  d i f 4us i on  takes p lace a t  t he  warking temperature. 

The a n t i f r i c t i o n  praper- t ies o f  t he  deposi ted mate r ia l  can be 

improved even f u r t h e r  when m e t a l l i c  powders w i t h  add i t i ans  of  s o l i d  

s l i p  addi - t ives,  e.g. molybdenum sttlf i d e  or  g raph i te ,  a re  t-tsed f o r  the  

metal spray appl i c a t i a n ,  

I f  a wet p i c k l i n g  pracess i s  used t o  remave t he  ox ide layer , )  

experience has proven t h a t  a  s o l u t i o n  o f  40% hydrof l u o r i c  ac i d  and 

asymmetrical d i .methy lhydr"azanium+l~tor ide~ d isso lved i n  an appropr ia te  

y t tant i%y a4 water, i s  espec ia l l y  e f f e c t i v e  i n  .farming the  anti-o%:ida- 

t i o n  + i f m a  The p r e v a i l i n g  op in ion  i n  t he  f i e l d  ho lds  t h a t  p i c k l i n g  

s n l u t i o n s  conta i r? ing I - ~yd rn f l uu r i c  a c i d  genera l l y  w i  11 r ~ o t  a l l ow  a  

!st.rar~gly adhesive metal. l a ye r  t c : ~  be app l i ed  t o  t h e  p i c k  sur faces 

o.F a  t i t a n i u m  component. However, t he  process according t o  the  

ii-Iven%-.ion has c l e a r l y  proven t h a t  t h e  opposi te  i s  t r t te .  
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I I 

A process for the spray-application of a strongly adhesive, thick anti- 
friction layer on titanium and titanium alloys is proposed. The titanium/ 
titanium alloy component to be coated is first subjected to cleaning in a 
pickling bath with reducing additives and sand-blasting, thedcoated with 
an intermediate layer of nickel, after which the final layer-is applied. 
The formation of TiNi at the interface ensures strong bonding of the 
antifriction layer. 
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