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CO- DEPOSI TI ON OF FLUORI NATED CARBON W TH ELECTROLESS NI CKEL This invention
relates to netal plating and nore particularly to the co-deposition of
f lF'uori nated carbon with el ectrol ess netal platings. Today's broad
spectrum iof electroless plating technology and its commercial uses is.
credilted’to Brenner”and Riddell of the U S. National Bureau of Standards in -
the 194Qs. Their efforts in controlling this unique chemical reaction has
led to electrol ess chem stry energi ng today as one of the |eadin \6%7
areas in netal finishing. It is estimated that the markets for &g@
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of metallics and metalnefahlichdng. It is estimated that the markets for
this chemistry will increase at a rate of 12 to 15% per

ity

year into the 1990’s. _ -
Prlmarlly,. electroless nickel, copper 'and gold
represent the majority of the electroless market, with
electroless nickel belng the most widely wused. Other
electroless deposits (i.e.,. palladium, cobalt, silver,
and tin) have had very limited industrial use and/or
development. ' |
Electroless. plating refers to the autocatalytlc or
_ chemical reduction of aqueous metal ions plated to a base
— substrate. The process differs from immersion plating in
that deposition of the metal is autocatalytic, or
continuous. - '
Each electroless deposit (i.e., nickel, copper,
gold, etc.) has unique metallurgical characteristics.
Houevér, the major engineering:advantages of électroless
- plating include: uniformity (% .0001"/side possible};
excellent corrosion resistance; wear and abrasion
resistance; non-magnetic and magnetic properties;
soiderability; high hardness; amorphorus {(micro-
crystalline) deposit; excelient adhesion; low coefficient
. of friction; high reflectivity; EMI/RFI shielding; pre-
plate for precious metal ~ plating; heavy deposits;

deposits onto wide range of metallics and non-metallics.



2 THE ELECTRCLESS BATH Conponents of the el ectrol ess bath include an
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- oxidation Ofsh%§t5§qwﬁé¥ké¥¥§“ without building up at the edges and

corners. A sharp edge receives the same thickness of
deposit as a blind hole. o c .

The base sﬁbstrate;being plated must be catalytic in
nature. A propefly prepared ﬁorkpiece ~provides a
catalyzed surface and, once introduced into the electro-
less solution, a uniform deposition begins.

From the minute emOUnt35 of the electroless metal
(i.e., Ni, Cu) itself will catalyze ﬁhe:reaction, so the
déposition is'autocatalytic after the original surfaces
are coated.

Electroless deposition then thtinues, providing
that the metal ion and reducing agent are replenished -

however, if air or evolved gas are trapped in a blind .

"hole or downward facing cavity, this will prevent

electroless deposition in these areas. -
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'In electroless plating, metal ions are reduced to

metal by the éction of chemical reducing agents which are

simply electron donors. The metal ions are ‘electron

acceptors which react with electron donors. The catalyst
is the substance (workpiece or metallic surface) which
accelerates the electroless chemical reaction, allowing
oxidation of the reducing agent. _

The following chemical formulae illustrate an
"electroless reaction", i.e., électroless nickel (sodium

hyphophosphite reduced; acid bath;
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The following chemcal fornulae illustrate an "electroless reaction”,

i ..e., electroless nickel ‘(sodi um hyphophosphite reduced; acid bath; 3
Cédt al yst (1) [err] + [err] -> H- + [err] '+ 2H Heat (2)
M[eH] + 2H -> Ni .+ 2Herr] (3) [err] + H ->
Lerr] +7.H- + P (4) [err] + [err] -> [err] + [err]
 [érr]~Fhe nmetal ion and reduced concentrdtion nust be nonitored and
controlled closely in order to naintain proper ratios and to naintain
the overall chem cal balance of the plating bath. The electrol ess plating

deposition rate is controlled by tenperature, pH and netal ion/reduced
concentration. Each of the particul ar pl @dtailystacti ons has opti mum ranges
at which the bat heyl gobg. oper age CBH@E%YTﬁU‘Eé s) a s.a buf fgr
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Foy ei gn i nor gani i ons ~e., heavy netals
(,JQ g gep051tlon rate %g contf%lled. by temperature, pH and

netal ion/reduced concentration. Each of the particular
plating reactions has optlmum ranges at which the bath
should be operated.

Complex1ng agent(s) act as a buffer to help control
pH and maintaln control over the "free" metal salt ions
available to the solutlon,- thus allowing solution
stability. The stabilizer(s) act as catalytic 1nh1b1tors,
retarding potentional spontaneous decomposition of the
electroless bath;

Few -stabilizers' are used in excess of 10 PPM,
because an electroless bath has a maximum tolerance to a
given étabilizer. Excessive use of stabilization
materials can result in depletion of plating rate, bath
life and poor metallurgical deposit propertiesr h

| Trace impurities and organic contamination (i.e.,
degreasing solvents, oil residues, mouid releases) in the
plating bath will _affect deposit properties ‘and
appearance., ?oféign'inoréanic ions (i.e., heavy metals)
can have an equal effect. Improper balance and control
will cause deposit roughness, porosity, changes in final

.'colour, foreign inclusions and poor adhesion.



~can have an equal effect. Inproper balance and control will cause deposit
roughness, porosity, changes in final colour, foreign.inclusions and poor

adhesi on.

riductﬁon process, proper surface preparation of the base nmetal is vital

4 SURFACE PREPARATION Since electroless plating is a chenical

to

hi eving a sound el ectrol ess deposit. |nmaroper adhesi on, deposit poroS{ty,
roughness and skip plating can all occur from an |nproperly pr epar ed
substrate. Faulty preparation may be caused by poor choice of pretreafﬁent
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should be . the best available. for the spec1flc ‘substrate
and control parameters adhered to. _

A properly prepared substrate is one ‘where all
surface contamination has been removed meehanzcaliy
and/or chemlcally, malntalnlng 1ts dlmen81onal tolerances
and evp031ng the substrate to 1ts v1rgln or actlvated
stage for electroless platlng.

Typical surface contamlnatlon oxides, rust; buffing

compounds; oils, greases, metalworking lubricents: weld .

scale;-'organic material; solder fluk. Mechanical pre-

treatment: abrasive cleaﬁing} degaussing; pre-heat'

treatment; shot peening; vibratory'or tumble finishing.
Chemical pretreatmen£§ solvent (vapourl degreasing;

: alkaline"electrocleaning; etching (pickling); alkaline

. soak cleaning; alkaline periodie'reverse; immersion plate

(i. e.,'zincate,-stannous chloride; palladlum chlorlde){

electrolytic strlke, galvanlc 1n1t1at1on.
S EQUIPMENT '

A critical component of sn& electroless plsting
system is the_equiﬁment. Any micron-sized bath impurities
such as dust, sahd, loose maskahts, eﬁc., must be purged
centinuouslylor quality will suffer.

Electroless ‘'solutions, particularly electroless

nickel and copper, should have constant filtration at a

rate of at least six turnovers of the bath per hour

shot
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systemis the equi pnent. Any mcron-sized bath inpurities such as dust,
sand, |oose maskants, etc., nust be purged continuously or quality wll

suffer. Electroless sol uti ons, particularly el ectrol ess nickel and
copper, should have constant filtration at a rate of at |east six
turnovers. of the bath per hour 5 through 3 owmicron units. Due to the

éhenica“u{eductions t hat occur and resultant hydrogen gas evolution, air
agitation'is required. In the case of electrol ess nickel and copper, stress

relieved polypropylene is the normal material of tank construction. Q her
materials  incl Ft%ﬁcug‘ha_sfdd’-ﬁﬁ ot Al €55 BhECto el i dd dMlict sichs
acconplished ° either W Eh A

i nterna or externally in  cooperation )
special punp arldat | eegMronandysrespltante hﬁgﬁge"besﬁﬁkeﬁ"ﬂ‘htt%osiaﬁg‘ a
heating system t qti tdtilonriQyird@paxed.l ent tenperature stability with no

| ocal i zed heating. In _these areas, peci alist's .advi.ce shoul d be squght
during the design st agtté‘ t%‘eeﬁ“sat?ree uél 'etﬁﬁq%lezf@nirﬁ\%(flaﬁd‘dﬁﬁ%%rne(ftress

POLLUTI ON CONTROrelhieveldec podypsopréanei obs Cruhe esomoal cmattierialoryf tank
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treated and disposed. r'me  nust  be consclentious of meeti
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electrolytic cells toydatigigOut S| QelonARlidihed’’ €@itinedt | 0N ni¥feri@lal or
hydroxide, - . netal . - reduction us%él‘g bor ohydr | de, I on ex ha&%e and
reverse osnosis. SHtGERRIHYe ridbt TRIRFLAELRY aFltBecBpt EReEHFlneAUMRYy AHCM
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of &l ectrol ess flillairagon sslygtlear. eteperohess ®éckalken in choosing a
heating system that will provide excellent temperature
stability with no localized heating. In these areas, a
specialist’s advice should be sought during_the.design
stage to ensure quality is achieved and maintained.

| POLLUTION CONTROL o
The electroless reactioh_ creates non-contributory
by-products, therefore, eléct:oless baths must be
periodically treated and disposed. Firms must be
- conscientious of meeting EPA disposal concentrations. The
most common methods involve the use of electrol&tic cells
to plate out residual metal, precipitation of metal

hydroxide, metal reduction using ©borohydride, ion
Y C exchange and reverse osmosis.
NICKEL

The most widely used and accepted engineering form
of electroless plating is by far electroléss_ nickel,
Marked improvements in solution stability, equipmeht,
pretreatment cyclés ‘and reducing agents have given
electroless nickel a very bright future.

Electroless nickel offers unique deposit properties
including uniformity of deposit in deep recesses, bores
and blind holes. Other features are excellent corrosion,
wear and abrasion resistance, ductility, lubricity,

solderability, electrical properties and high hardness.



Marked - i nprovenents in solution stability, equipnment, pretreatnent _
reduci ng. agents have given electroless nickel a very bright
future. Electrol ess nickel offers unique deposit properties including
unlfoﬁn1ty of deposit in deep recesses, bores and blind holes. O her

excel L ent corrosion, wear ang abrasion resistance, ductilﬁjy,_-.
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Alkaline nickel-phosphorus deposits- are generally

reduced by sodium'hypéphosphite. Theée'alkaline-baths are

formulated mostly at low temperatures for plating on
plastics. ' S _

Deposits  provide good solderabiiity for the
electronics industry and energy operating - costs afe

~ reduced  due  to  some "solutions’ low - operating

temperatures. ‘Less corrosion protection; however,
adhesion to steel and difficulty in processing alumlnlum
due to high pH values are drawbacks.

A low temperature bath can produce hard as-deposited
values of 700 VHN at 2% phosphorus. The phosphorus
content can be varied by changing the operating

‘temperature of the bath. One such bath consists of the

following components:

Nickel sulfate ' - : _ 30 g/L
Sodium Hypophosphite - - .30 g/L
Sodium Pyrophosphate . o : 60 g/L
Triethanolamine 100 ml/L
pH o R 10.0

Temperature 30-35°C

(86° - 85°F)



ténperature of the bath. One such bath consists of the follow ng

canponents: N ckel sulfate - . .30 g/ L Sodium
Hypophosphi te . 30 g/ L Sodi um Pyrophosphat e

60 g/L Trizet hanol am ne , 100 M /L pH

10.0'Temperature 7 30-[err] ([err] - [err]) 7
An exaﬁpkﬁ of a high tenperature al kaline, electro- |ess nickel phosphorous
bath is: Nickel sulfate : I 33 g/L Sodiumcitrate

84 g/ L Amoni um chl ori de 50 g/ L Sodi um hypophosphite
17 g/ L pH

_ . 9.5 T y
Terr] Acid, nickel- phggpﬁmloeep%%i?shﬁﬁprrﬁﬂnyegﬁggfgpggi‘ggér“go greckrerel
and 6 to 12% phodpiser ns cledr gphiosphatrons bathers]: (171 to 2000F) with a pH

of 4.4t05.2. T kequgiAgaagent is commonly sodi um hyggp phite. The pH
of the solution ?gcthe contfblling factor affecting theaghggihorus cont ent

of the deposit. Bpddumeedtrati®e higher the pH, the | oweB4t BéLphosphorus

content, resulti pgmboRidMPebllori@aperty changes. Lower pBesgher us contai ni ng
deposits (i.e. 'call¥ﬁha e.less corrosion resistance_than 9%

, Q9. .typ
al | 6ys. Al so, de%SQFP SRCEPRERG Y5Rosphorus in excess &f B/B% are
typi cal l'y non-magHeti c. Wien the pH drops. bel ow 4. 0, subBs8qguent ni ckel

deposition virtual - As deposited, nickel-phosphggps h pess is 500
to 600 VHN, whil get" eRallte ™ S h 050 VHN or sl | ght|yg%o?‘e‘%g ¥
' ' Acid, nickel-phosphorus deposits normally consist of

o 88 to 94% nickel and 6 to 12% phosphorus operating at 77
to 93°C (171 to 200°F) with a pH of 4.4 to 5.2. The
reducing agent is commonly'sodium hypophosphite.

The pH of the solution is the- controlling factor
affecting the phosphorus content of the deposit. In
general, the higher 'the pH, the lower the phosphorus
content, resulting in deposit properfy-chahges.

Lower pho#phorus 'containing deposits {(i.e., 6%)
typically have less corrosion resistance than 9% alloys.
Also, deposits containing phosphorus in excess of.8.0%-
are typically non-magnetic. When the pH drops below 4.0,
subsequent nickel deposition virtually stops.

_ As deposited, nickel-phosphorus hardness is 500 to

— - 600 VHN, while maximum values of 950 VHN or slightly more

' may be realized by post-heat-treatment of the coating at
a temperature of 400°C (752°F) for one hour. The
temperature ié_a dominant factor in determining the final
deposit hardness. :

Careful consideration should be given to the choice

* of temperature so as not to affect structural changes of
the base substrate. Additionally, low temperatures are
used - 116°C (240°F) - to relieve any hydrogen embrittle-
ment that may be produced from pretfeatment cycles or
subsequent electroless nickel depdsition.

_ Post-baking of the deposit produces marked
structural changes in hardness, . wear and abrasion

resistance. Dependent upon the temperature, bath



may be reali zed by post-heat-tr'eat ment of the coating at a tenperature of
[err] for one hour. The tenperature is a dom nant. factor in determning

the final deposit hardness. Careful consideration should be given to the :
choice, of tenperature so as not to affect structural changes of the base
sbbstrat e. Additionally, low tenperaturesgare used - [err] - to relieye

any hydrogen enbrittle- .ment that may be produced from pretreatnent ¢ygles
or subsequent el ectrol ess nickel deposition. Post-baking of the %"
deposi t produces .- marked structural changes i-n hardness, wear and
abrasi on resistance. erature
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deposit generall
. atmosphere

Prevention of- coating:'_discoloration can be
accdmplished in a vacuum, inert or féducing atmosphere
oven. Physical properties affected by the post-heat
treatment include increasing magnetism, adhésion, tensile
stréngth and eleCtriéal, condpctivity while decreasing
ductility, electrical resistivity " and . corrosion
resistance of the deposit.

Thickness of the hicke;-phosphorus deposit generally"
ranges from 2.5 to 250 um (0.1 to 10.0 mils). Deposits
less than 2.5 um'and greater than 625 um are currently
and successfully being performed. _ .

Thicknesé measurements can be carried out with ‘\)
magnetic devices, micrometers, coulometrics, beta back-
scatter and x-ray fluoresence. _ _

A partial listing of current applications, by major
industries, for acid nickel-phosphorus include: aerospace
and military splinés; fluid pumps; fuse assemblies;
optical mirrors; fipeabm " components; propeller shafts; -
and landing gear components. Automotive heat sinks;
knuckle pins, transmission;ggust washers; valve inerts.
Computer memory - discs; guidg§; "and drives. Electronic
diode <cans; rotor «cups; connector pins; and dgold
replacement. Fluid power components. Food prbcessing and

packaging equipment..Foundry tooling. Medical instruments



ranges from2.5 to 250 um (0.1 to 10.0 mls). Deposits less than 2.5 um
and greater, than 625 umare:currently and successfully being performnmed.
Thﬁckness, measurenents can be carried out wth nagnetic devices,

m cr onet egs, coul onetrics, beta back- scatter and x-ray fluoresence. A
partlaléﬁlstlng of current applications, by gaj or industries, for acid

ni ckel - bhosphorus I ncl ude: aerospace and mlitary splines; fluid punps;
fuse assehblies; optical mrrors; firearm conmponents; propeller shafts; and
Fandi ng gear conponents Autonntive heat sinks; knuckle pins, transm ssion

trust washers; v e Co dISCS and .drives

El ectronic di odeglléixans entcuggg£§%ﬁ‘g§%?oryp‘ﬂ%s’ ?i ggﬂfl RLYESfenpil
Fl uid power conp@ﬁbhtQadﬂan$¢Ncnéssungeamrqdmkaglngtequmpmmm arddudiles;
tooling. Medical amsueelpsaéﬁ scréuw@NdpRoKt P n{oreé’stﬁe{:ﬁbﬁmms

I mpel I er; valves; oil_wel ackers; and suc rods. Plastic tools and
dies: and extruder scT%ﬁs THOVHRE pr ok% nﬁﬁhln@ﬁfmpﬁﬁe offol | ki ngacids

an exanple OhypréphospEite P¥@EO®ROBRBhte reduced bath. Nickel sulfate

28 g/L So acet a o _ /1 Sodi um
hypophosphi te QN Exf SUiPat? 24 g/L Lead ace% te g/k
0.0015 g/L pH Sodlum acetate 4, B7Tenpera1hre

82 - [err] (180 ] t applications for gpron re ed
Sod fif | iy BBShoSH 1 £ &G

el ectro- less nic ave centered around the electronlc I ndustTy
Ni ckel - boron deph%? saPRv@tYood sol derability, bra2|ng,°h@%h5ha$6hess
hlghineltlng poip, and are used as a 4.6

Temperature : . ' 82 - 880C
| | (180 - 190°F)
‘Most current applications for boron reduced electro-
less nickel have centered around the electronic industry.
" Nickel-boron deposits have good solderability. brazing,
high hardness, high melting po1nt, and are used as a
replacement for rhodium and gold. ' '
‘As compared to nickel-phosphorus alloys, drawbacks
‘of nickel-boron ihclude ‘poor corrbsion resistance,
‘strength and ductility. Electronic applicants include
wire and die bonding. PC boards for high temperature
service, cbntacts for burn-in 'cabinets,? integrated
-~ circuits and solar electrical conversion devices. _
Alkaline nickel-boron solutions utilize the powerful
reducing agent, sodium borohydride, to produce a deposit
containing 3 to 6% boron and 94 to 95% nickel by weight.
These highl& alkaline solutions operate at a pH of 12.0
to 14.0 and temperatures of 890 to 95°9C (195 to 205°F).
These baths tend to be less stable because of their
high alkalinity, and bath decomposition may occur if the
pH falls below 12.0. As deposited hardness values of 650
to 750 VHN are typical,
After post-heat-treatment.at 400°C (752°F) for one
hour, values of 1200 VHN can be produced. The melting
point of borohydride reduced deposits is 1080°C (1973°F).



repl acenent for -rhodi umand gold. As conpared to nickel - phosphorus all oys,

dr awbacks of nickel - boron I ncl ude poor corrosion- resistance, strength
and ductility. Electronic applicants include wire and di e bondi ng. PC
board¢ for high tenperature service, contacts for burn-in cabinets,

{ntegrated circuits and solar electricalygonversion devices. Al kaline".

ni ckel - boron solutions utilize the powerful reducing agent, sodium

bor ohydri de, to produce a deposit containing 5 to 6% boron and 94 to¥95%
ni ckel by weight. These highly al kaline solutions operate at -a pH of 12.0
to 14.0 and tenpegatur of..90 to [err 195 to lerr]),.. These %@t S fend to
be | ess stable be@gﬁsﬁgflot‘ﬁé’lgr ﬁ*ﬁg’ﬁ“a%ﬁ%??g?tﬁ,f nglo@é‘tuflun 3’@&9 (Si:ri]t €on may
occur- i f therpdiutefll slbeltowlezsOniskedepatht.ed- har dness val ues of 650 to
750 VHN are {YRLER chhbi§hePOsSt-heat treatment at [qnr] f one hour,

val ues of lzbngH ga? ge_ﬁroduced. The nelting point of b%?ﬁ_ydride
reduced depoSpddumshydrpride 10 The following is 4% exam®/& of a sodi um
borohydri de gedytedealiaminhel @8% ni ckel ~bath. N ckel sehl ori ggy, .

31 g/ L SQdi,um hydr oxi de. 4 : L
Ethylenediangﬂg1§§%¥°r° ydride | 52 g/LIS%diunF%éTohydride

1.2  g/L Thaklldmmnntitzbde - 0000222 gyl pH

14.0 Tenperafyre - 93_-_&3[%].(200 - [err]) Acid
ni ckel -boron“varies fromO0.1 to 4% boron by wei ght -depending on the

bath fornul 3emearature boron content of electrol ed8 mi &8C is reduced by

ei ther n- - | (200 - 205°F) - o

‘Acid nickel-boron varies from 0.1 to. 4% boron by
weight depending on the bath formulation. The boron
content of electroless nickel is reduced by eitﬁéf n-
dimethylamine borane (DMAB) or n-diethylamine borane
(DEAB) . . ClL _

Both: parameters include a pH of 4.8 to 7.5 with an
operating temperéture range of 65 t6-77bC-(149 to 171eF),
DMAB of DEAB reduced deposits ‘have a very_high melting 
temperature of 13350°C (2460°F). Baths containing less
than 1% boron have excellent ~solderability and good
ultrasonic (wire) bonding éharacteristics. -

A typical DMAB reduced bath contains:

Nickel sulfate o o - 25 g/L \/
Sodium acetate : : - 13 ~ g/L '
DMAB | o i - -4 g/L
Lead acetate '_ _ 0.002 g/L
pH o o 5.9
Temperature e 260C (78°F)

COMPOSITES

The uniform dispersion of micron (<10um or <0.4 mil)
or sub-micron particles in an'electroless metal deposit
will enhance the wear, abrasion resistance and/or
lﬁbricity over base substrates and conventional electro-

less deposits. Composites containing fluoropolymers

L)

X



di net hyl am ne borane (DMAB) or n-diethylam ne borane (DEAB). Both
paranmeters include a pH of 4.8 to 7.5 with an operating tenperature range
oft 65 to [err] (149 to [err]). DVAB or DEAB reduced deposits have a very
high nelting tenperature of [err]. Baths containing less than 1%
bot on h@ve excellent solderability and gpod ultrasonic (wre) bonding
tharacteristics. A typical DVMAB reduced bath contains: N ckel sulfate

25 g/ L' Sodi um acet at e 15 g/ L DVAB

4 g/L Lead acetate . ' 0.002 g/L pH

5.9 Tenperature _ h un|f

di spersi on of n1c?gﬁEz<1ﬁaﬁP5?l<893 ﬁrpthFlgugﬁalgggﬁgparl Fl gfﬁmgﬁ

el ectrol ess net atenapdsss ehrpmiumhgacbidehesihéaen cabba@eoandreéusuahum

and/ or lubricityoQyge kave substcaL@spaldre@nventional electro- |ess
deposi ts. Conposites containin ? uoropol ymers - (PTFE), natural and

synt heti c (poIycrystaVPPﬁe)CBPEﬁﬁgagl c@PHﬁF&§1°BhrBﬁ?ﬁﬁ?caVbFBe agj | pedd
carbide and al unebedtroxeds hayekEEenbaehdeaQSIted Mest aRigeeci physical

deposi tion occurg, W % tgrlgEREableﬁ}l Wfs glcgie %%%gue t :ﬁé; L?ﬁge

physi cal char act 8FT §ETES™ avai S fria

agent used may breduechag aa&eﬂp'ophlgsghlOQYOer)ommhs@npaehYpmqmm oar of
these finely dlvbgggnpggﬁbgggs w thin an el ectroless matrix (25 to 30% by
vol ume) involves the need to maintain uniformdispersion of the foreign
material during netal Ta@potrelemionpRy aithase finely divided particles

o _ within an electroless matrix (25 to 30% by volume)
involves the need to maintain uniform dispersion of the
.foreign material during metal deposition. Specialized
equipment is required and part size, configurati&n and
deposit thickness are limited. _

Deposition rates will vary, depending upon the type
of electroless bath utilized. The surface morpholbgy of
the inclusion (i.e.; typé, éize; ‘distribution in the
matrix) will greatiy influence the final co-deposit
properties and composition. Wear resistance is related to
particle size and concentration in the electroless bath.

Applications include moulds for rubber and plastic
components, fasteners, précision instrument parts, mating

KJ‘ . components, drills; gauge blocks, tape recording heads
' and guides for computers. | '

Due to the resultant matrix surface topography (when

using diamonds or silicon carbide, for example), the

: final_surface roughness must be considered. Special post
plate surface finish operations must be employed to
regain the required RMS {microinch) finish.

In severe abrasion applications involving high
pressure foundry moulding, it has beeh_noted that the
softer electroless nickel matrix wears first, exposing
harder composite particles which create poor drawability

of the resin/binder from the mould.



equi pment is required and part size, configuration and deposit--'thi ckness

are limted. Deposition rates will vary, depending upon the type of
el ectrol ess bath utilized. The surface:norphol ogy of the inclusion (i.e
‘type, size, distribution in the matrix) wll greatly influence the

final co-deposit properties and conposition. \War resistance is rel ated to-
particle size and concentration in,the el ectrol ess bath. Applicati ons 7o

i ncl ude moul ds for rubber and plas} c conmponents, fasteners, precisi _
instrunment parts, mating conmponents, drills, gauge bl ocks, tape record| ng
heads and gui des for. conputers. Due to the resultant matri x surface

t opogr aphy (when using_di anonds or silicon carbide, for_exanple), the fi nal
surface roum g 1yeripaseder earb %e&%ﬁ BBEP Ronderyg* finish-

?per at ldﬁlﬁdgilsj bﬁxerﬁﬁe)y&flm@tf@wl Insximcreqmﬁ ECé]l%\&;{dfprdtgj,r[g:h) “j ni sh.
n severe abrasion ca voLvin | essure I nou I ng,
1 has BrosRaRRRG (E0F | FE-e8RPertiPh., A cetbaRiRiRR ¥ S first,
exposi .rp_g:dmkas chapogiate peeti cuncessfol .crkatwen pprocessesbifoty of the
resi n/ liyudar |rect?8 @ﬂbglﬁzonl%fp‘lls'fwgﬂafsl %%‘éh“aéééla fsggecfm been

co- deposl te substrate surf ace In ating :
proces @&ker 1ap 1861&6605'41’!#‘&#?19?% of| aetad) & LYt a&eéc&%es has not
been syheewdbdtrddwwn processes for el ectrol ess co-deposition of PTFE has

Deen, aocomid g AN S AL ko RS ol a5 o 210 01
| ubri cant $ohideripﬂ:sr:ltraamt beettempptst chane | beent mader sperutibize .
co- depqyild NGrbpetiobyNAShEFELOing the -fluorinated. carbon -/
with electroless niekel. - However, sat:.sfactory co-
deposition of fluorinated carbon in electroless plat:.ng
has been heretofore unatta:.nable. _ _
The present invention prov:.des a process for co-
depositing fluorinated carbon with electroless nickel'
‘which provides a uniformly- dlspersed co-depos;t _The
process includes the use of a non-ionic wetting agent in
- combination with a cationic wetting agent for the
suspension of fluorinated carbon in the electroless
nickel solution. | : |
An object of the present invention is the provision
of an improved process for the co-dep_c_os:.t:.on " of ' U
fluorinated carbon with electroless nickel.



with electrol ess nickel. However, satisfactory co- deposition of
fl.uorinated carbon in el ectrol ess plating has been heretofore unattai nable.
The present invention provides a process for co- depositing fluorinated
carbon with el ectroless nickel which provides a uniformy dispersed
co-depos®t. .Thé process includes the use of a non-ionic wetting agent in
conbination with a cationic wetting agent for the suspension of
fluorinated carbon in the electroless nickel solution. An object of the

present inventAcfordihdetPrihe Preseht iAventiPhOWAdprevL88SE prédess For
co-deposition of fluorinated carbon with el ectrol ess nickel. 13 .
Accordi ng to t¢te-depssitionveafi ofiluerpnatede eapboneswiftiy cleatpmusidsn
of “ fluorinated carbon wth electroless nickel, conprising the steps of:
5 pr epariigkeh, cFempr b$iRg thekateps :2fhg sol ution; preparing a
suspensi on _of fluorinated, carbon;_ m xing said, sol uti on and sai d suspension
to forma $table plBFEPRrERT AN Rlectieless RickebPlating spkukienin an
anount ranging fromb5 to 50 grans per litre jcke] 10 _present in an -
amount rangi ng fronPBSBRE{NG B Y ?kﬁnl?fréi“%F ted$RIBONE | vori nat ed

2 Cati onic 11 uori natBETR kFRIRa ABRATh D, PaAE: SHERETAR AR Pednt
= e S e T T
O Supont 5 of B ABeREES indn OF A, 8 XS SoHO G e AIER] s
matrix. 2@o predéstf anl n NEmEUAEP ranging ifrhaiSt 8abi W 0§. 6agkuimad per
litre, a non-ionic non-fluorinated surfactant present in an
amount rangihg from 0.5 to 1.5 IVOluﬁe percent, and a
cationic fluorinated alkylquarternary ammonium iodide
surfactant present in an ;mount rénéing from 0.005 to less
15 thén 0.1 volume percent; and | |
introducing a workpiece into said stable plating bath
“and initiating an eiectroless plating process to form a
plated workpiece including a co-~deposit of fluorinated
o carbon uniformly dispersed in a plated nickel matrix.
20 : The following exémples'are illustrative of carrying
out the invention. N | |
The fluorinated'carbcn (CF,) used in the following
Examples was ACCUFLUOR CF,. Fluorinated Carbhon-Grade 1030
;upplied by Allied Corporation, Chemical Sector, P.0.Box
25 1053R, Mbrristown,'New Jersey 07960f1053. The fluorinated

carbon was made by reacting coke with elemental fluorine

and conformed to the following specifications:



out the invention. The fluorinated carbon [err] used in the follow ng
Exanpl es was ACCUFLUOR [err]. Fluorinated Carbon-Gade 1030 supplied by
Al'li ed Corporation, Chem cal Sector, P.QO Box 25 1053R, Morristown, New
Jersey 07960-1053. The fluorinated carbon was nade by reacting coke wth..
el gnental fluorine and confornmed to the follow ng specifications: .-

Gonbi ned Fl uori ne content (% 63 Density (g/cc) J?%e
2. 74 Bul k- : ' 0. 4 Deconposition *
tenperature [err]: _ 630 (TGA, [err]/mn) Surface area
([err]/gram: ' - 160 - 180 Particle size (nedian
m crons): ' 3.3 Particle size range (mcrons):
<1 'to 6 Fluorinated carbon nade by reacting various carbon bl ack
feedstocks with elenental  fluorine is also available and conforms to
the fol | owcembipea Filcaliiars congehitned)Fl uori ne content 6%) .
11 - 65 DeBS|tytgg/c9) xrue S _ 1.9 -
2.5 Bulk vensity (g 0.09 - 0.1 Decomposition
tenperature [erfrue - 380 - 500 (TGA, [err]/@ifig Surface area
([err]/gram: pguik - : 170 - 340 Particle ﬁl ze (nmedian
m croneters) - . <1 The el ectrol ess nickel bath used in the
fol | owi ng Eﬁ&l‘?ﬂ‘IPQ§1M§“ofte@W6“PGPIr8vm‘ﬁS>conp05| tion: Ni.EREl sulfate
28 g/ L Sodi(trmagcaoaicydmin} 17 g/ L Sodi um
Byggggozytlt%face area (mzlgr%%) g[L_Lead.acetate 150 ~- 180 R
Particle size (medlan microns): . . 3.3
Particle size range (microns): Co <1 to 6

Fluorlnated carbon made by reactlng various carbon
black feedstocks with - elemental fluorine is . ‘also

available and conforms to the following specifications:

Combined Fluorine content (%) N 11 - 65
Density (g/cc) L S |

True . - | 1.9 - 2.5

~ Bulk S _ _ 0.09 - 0.1

Decomﬁosition'temperature (eC): : - 380 - 500

(TGA, 10°C/min) |
Surface area (m*/gram): 170 ~ 340
Particle size (median micrometers) <1 : '-\?{ :

The electroless nickel bath used in the following

Examples was of the foilowing Composition:

Nickel sulfate . S 28 - g/L

Sodium acetate = o 17 g/L

Sodium h&pophosphite : 24 g/L

Lead acetate | _ | 0.0015 g/L

pH - SR 4.5 - 4.6

Temperature " . 82 - 880C (180 - 180°F)
| ) EXAMPLE 1

‘A premix suspension of CFy fluorinated carbon
particles was prepared as follows:
500 ml deionized H.0
5 ml alkylphenoxypolyethoxy ethanol
| (Triton X-100) Rohm & Haas nonionic

"surfactant (Triton ié a Registered Trade M:



pH 4.5 - 4.6 Tenperature

82 - [err] (180 - [err]) '‘EXAMPLE 1 A prem x suspension of [err]
fl'uorimrated carbon particles was prepared as follows: 500 m deionized
[edr] 5 m al kyl phenoxypol yet hoxy et hanol (Triton X-100) Rohm & Haas

noni oni ggsurfactant (Triton is a Registeredigrade Merr] 15 100 gm[err]
Yluorinsged carbon Mx above for approximately 1 hour to form wetted
suspensi on. Adjust to pH with amoni um hydroxide or dilute sulfuric acid. A
3800 nl el ectrol ess nickel bath was prepared. An equivalent of 10 gmliter

[err] particles in SYPReRH or&Fwa%lQ]%q_g_q‘ t. g] %I gct rol ess nickel bath with
r

m|d agitation (magnetic stirreér) essS ni ckel bath was heated
to 180 - [err] Mix tladoyse wat‘@radjarmr@dumwlsr 14. boyirt h tpoer fpray  Wetited

Steel test panels%s%&;%ﬂalnat e‘ideWst45tG‘ NPi1eSwitH - I mmdiilim 26 d3QdeS - or
Plating was goad, articles were co-_deposited. Plati n%ét?lte

no
was 0. 0004"/hourd11%NFﬁ_‘E‘f§“ 2EA8r t RortBR el ¢ nLechreless; Rigkady
except the concemls Freparadd. eAn | egaitaléns vas lonrgrne'aaeért 0F20p@ﬂ‘1t|1lcﬂ.els

was 0. 0004/ nour ESRpeRs b bl dded e S ARG IR I, R1BKRED HRTHD
was prepared. Tevitthi snikd hagatasidnd (mlmammmetme:@m TMO)BJ-PICMP&GSS
(Regi stered Tradg ManK)vhth 13as( CREALBAC tld UpghNal eflgguimt %aawh@rraﬁnw@
| odides, 3 M Ooa)d',)ussttee%ll .glne4|'ss yler4e Splrﬂteg {\IEIOH g(g'uer S-Igle. psgtegf test
W ' panels were plated for 45 mlnutes, 1-1/2 hour and 2
hours. Plating was good, but no particles were co-
deposited. Plating rate was 0.0004"/hour.
EXAMPLE 2 _
‘The conditions were the same as in Example 1, except
the concentration of CFx particles was increased to 20
‘gm/liter. Aéain,-plating was gpqd,_bﬁt-no ﬁarticles were
co-deposited. Plating rate was 0.0004"/hour.
EXAMPLE 3
An identical bath to that used in Example 2 was
prepared. To .%¢£57523fh k?s added 0.01 volume percent
{(V/0) Fluorad’i FC-1353 (cationic fluorinated quaternary
ammonium iodides, 3-M Co.).
- Steel panels were plated for 1 hour. The plated
' panels showed a uniform dispersion of .CFx . particles
throughout the surface and in cross'éection'throughqut
the thickness of the coating. Increased FC-135
concentration up to 0.05 V/O appeared to be beneficial.
Beyond 0.05 V/0 may even have an adverse effect. Plating
rate was 0.0004"/hour. .
EXAMPLES 3-4A
The conditions of Example 3 were duplicated except
the concentration of CFx Qas increased to 30 gm/liter.
The resulting test panels showed some increase in
"particle distribution. The plating was somewhat smutty.
Plating rate was O. 00035" /hour.



panels showed a wuniformdispersion of J[err] particles throughout the
surface and in cross section throughout the t hi ckness of t he

coat i ng. 1 ncr eased FC- 135 concentration up to 0.05 V/ O appeared to be
benefigial. Beyond 0.05 V/O may even have an adverse effect. Plating rate
was 0.0004"/hour. EXAMPLES 3- A The condi tjgons of Exanple 3 were dupl i cated -
except the concentration of [err] was increased to 30 gmliter. The ° :
resulting test panels showed sone increase in particle distribution. % he
. plating was sonewhat snutty. Plating rate was 0.00035"/ hour. EXAMPLES
3-A-1 Exanpl e 3-A was repeated, ex%tuggil@ % q\ctrol ess nickel bath was
old (5 regenerations). Good parti® on was observed, plating
was sonewhat dustyEmmBlmt t3-A Ph&tingpeapgéar @xkcapt ithiet i electfadess
than in Exanp ' A at,h RO t aqg% ou XA%@ n
el ectrol ess m?ﬁ ? qﬁﬁ;ﬁ wa% Ic’lraepg'i!?I I n th’h rGDOEIT fjélé ¢
suspensi on wedigkmrblutbon hHaEqGP\?&F‘éfﬁﬁ:ofP Hl@ﬁ I‘T%%rST'E@‘F}}aT— nd?ﬁéyba%'h
Test panel s veher oy at eplléth@glr Sk sredekd0 irarihtRar faghey i8hbhe in

deposi t. L ath used in a " 05 V/ O Fl uor ad
FC—IOQSI (ani ne’\%é?'??]cﬁﬁ gsﬁfonﬂﬁ?‘gy)‘gaﬁ?'g |‘Iéa§E¢< {i@ég ?h°“f3 M Co.) \l/Jvas
added. Test panels plat ed 1 hour shovERAMBLEecér] co- dep05|t|on | ncr easi ng
the FC-99 to 0.1V/ ha@lﬁ@t%i@& Of; PRET CLEtﬂequEéé ﬁPeRE@P'@sG

err

el ectrol ess nicke prepared as |

suspensi on. waExarrbarbd Bae 1oy o%\!ésP%@l?rl‘ “35d%¢‘3ﬁ>|‘i1ng‘él 'Eb?rfqu“alent
of 25 gm/liter CFx in the bath. _Test panels were platgd 1 \_/

hour and showed no CF: particles in the deposit.
|  EXAMPLE 5 - ;

To the platlng bath used in Example 4, 0.(.)5_\('/0,
'Fluo:ad 'FC-99  (amine perfluoralkyl sulfonates) anionic
surfactant, (3-M Co.) was added. Test panels plated 1
hour showed no CFx'co-deposiﬁién._InCreéSing the FC-99 to
0.1V/0 had no effect on particle dépqSiﬁion.

| EXAMPLE 6
An electfoless' nickel bath was prepared as in '
" Example 1. A CFx suspension was prepared as follows:
500 ml deionized H:0
0.5 V/O Fluorad FC-170-C (fluorinated
élkylpolyoxethylene ethanols) non ionic .
| surfactant. _ '

100 gm CFx fluorinated carbon.

Mix épproximately 1 hour to form a wetted suspension. An
- equivalent of 20 gm/liter of CFx particles in suspensidn
was added to the electroless nickel plating bath. Test
| panels were plate 1 hour. The resulting deposit contained
dispersed CFy particles, but fewer than Example 3.
Plating rate was 0.0004/hour. | | '

' ' EXAMPLE 7

0.5 V/O Triton X-100 (Rohm & Haas) was added to the
plating bath used in Example 6. Test panels-weré plated
for 1 hour. CFx particle dispersioh. was \very poor.
Plating rate was 0.0001"/hour.

B



0.5 VVO Fluorad FG170-C (fluorinated al kyl pol yoxet hyl ene et hanol s) non
iani ¢ surfactant., 100 gm- [err] fluorinated carbon. M x approximtely 1
hour to forma wetted suspension. An equivalent of 20 gmliter of [err]
partijcles in suspension was added to the el ectrol ess nickel plating bath.
Test papel s were plate 1 hour. The resultingifeposit contained dispersed
Terr] p¢ Ticles, but fewer than Exanple 3. Plating rate was 0.0004/ hour
EXAMPLE 7 0.5 V/O Triton X-100 (Rohm & Haas) was added to the plating bath
used in Exanple 6. Test panels were plated for 1 hour. [err] particle

di spersion was very poor. Plating rate “@iAﬁPngﬁ"/hour- 1 7 EXAMPLE 8

An el ectrol ess nickel plating bath was pf in Exanple 1. Aferr] .
suspensi on was prepar 88 &lginess soickel rlasingi hath cva$ prepared as
Fl uorad FC- 170- CiRoRxhfple 3IUr hacFankuspeNs®en) wdsOpr¥plrel Har #d16wa9
ani oni ¢ surfactant (SBKICD')Sloa gns, e particles Stirred for

approxi mately 1 hour. °28 Bdui vaPERPREReS0 3R [iter of [err] particles in
suspensi on was. added De5t N¢Opl aFilngrbdt FC-189+Cpanal sontcesprfaedahar 1
hour and 2 hours. Excessive foag&_ﬁoeg.go-deposition of particles was
observed. Plating rate was 0.0004"/hour. EXAMPLE 9 Sanme plating bath as
Exanple 8, except £rn@5t¥fPer BlupeadaECtfcpndoniclrorfactpntrddmingonds
still excessive. Pooriparihnsl € ee;dgaesibieg was observed. '

Stirred for approximately 1 hour. An equivalent of 20
o ~gm/liter of CFx particles in suspension was added to the
plating bath. Test panels were plated for 1 hour and 2
hours. Excessive foam. Poor co-deposition of particles
- was observed. Plating rate was 0.0004"/hour. '
EXAMPLE 9 o |
Same plating bath 'as Example 8, except the
temperature was lowered to 170-175°F. Foaming was still
excessive. Poor particle co-deposition was observed.
Plating rate was 0.00025"/hour. ’
' : EXAMPLE 10 _
. An eiectroless nickel 'bath was prepared as in
" ‘Example 1. A CFx suspension was prepared as follows:’
. . 500 ml1. deionized H:0 )
W, _ 1.0% v/0 nonylphenoxypoly (ethyioneoxy) ethanol non
' ionic surfactant (GAF IGEPAL CO-720)
Stirred for approximately 1 hour (magnetic stirrer).
- CFx suspension equivalent to 10 gm/liter was added to the
electroless nickel pléting bath. Test'panels'were plated
for 1 hour. Plating loocked good; however, no particle
deposition was observed. Plating rate was 0.0004"/hour.
. EXAMPLE 11
A plating bath as in Example 10 was prepared with
the addition of 0.02 V/O Fluorad FC-135 (3-M Co.). Test
panels were plated 1 hour and 2 hours; had good particle
deposition. Plating rate was 0.00035"/hour.



Plating rate was 0.00025"/ hour. EXAVPLE 10 An electroless nickel bath

was prepared as in Exanple 1. A [err] suspension was prepared as

foll ows: 500 ni

dei oni zed [err] 1.0% V/ O nonyl phenoxypoly (ethyl oneoxy)

et hano] non ionic surfactant (GAF | GEPAL CO 720) Stirred for approximtely

1 hour (magneticc stirrer). [err] suspens%gn equivalent to 10 gnfliter was
added to the el ectrol ess nickel plating

hour. Plating | ooked good; however, no particle deposition was obser

Plating rate was 0.0004"/ hour.

panel s were plated 1 hour and 2 hourB2AMBLE ddd particle deposition.

Plating rate was .QnOQQ%‘é /Hess nlérSeEXﬂwEhEnéZ bﬁrtuelﬁsyﬁkeﬁarea%%l

th. Test panels were plateggg
d

1

EXAVPLE 11 A plating bath as in Exanple 10

was prepared with the addition of 0.02 V/ O Fluorad FC-135 (3-M Co.). Test

| ati ng bath re n er - suspensl S prepared
gs foI?oms 5%€Eﬁ$mpf iOng E [§PF 3369§VV BRTES, 892 °ﬁ£%ﬁ5grcp

surfactant (GAF CpoOd. ﬁQO_QHE1obEBéﬂ Haoticles Stirred

for approxrnately 1

hour i & Tegney s kol Shaoal Lol -3 RERYLASCCRHk KikERhs KRARD 0T LT

cationic

surfactant (3M©0:) was added Test panels were plated for

1

hour and 2 hours. 1Ebaghng oRS §Qggme§§sstreaked and bIotchy but exhlblted
good unlfornrpartéc dlst§|but|on

irred or approxlm '¥P|1y ? hour with a magnetic

-stlrrer. CFx suspension equivalent to 20 gm/liter of

particles was added to the plating bath. 0.02 V/O Fluorad
FC-135 cationic surfactant (3M Co.) was added. Test

' panels were plated for 1 houf'aﬁdlz hours. Plating was

somewhat streaked and blotchy, but exhibited good uniform
particle distribution.: ' _
| . EXAMPLE 13 -

An electroless nickel bath was prepared as in
Example 1. An equivalent of 30 gm/L of CFy particles was
added to the plating bafh; Same suspension make up as
Example 12, 0.02 V/O Fluorad FC-135 cationic surfactant

(3M Co.) and 0.01 V/0O Fluorad FC-99 anionic surfactant

(34 Co.) was added. Panels were plated at 175¢F for 1 and
2 hours. Plating rate-0;00035"/hr. Results were poor,
little or no particle co-deposition.
| | ' EXAMPLE 14
'Repeat of Example 13 w;th temperature at 185°F,
Still 'poor results with little or hd_ particle co-

~deposition. Panels plates 1 and 2 hours. Plating rate
.0.0004" /hr. '

EXAMPLE 15

An electroless 'nickel bath ‘was prepared as in

Example'i, An eqdivalent of 30 gm/L of CFx particles was

added to theirplating bath {same suspension as Example
12). Fluorad FC-135 cationic surfactant-increased to 0.1
V/0. Panels rcere plated 1 and 2 hours. Poor particle
deposition, panels were streaked, pitted and blotchy.
Plating rate 0.00035"/hr.

\/



An el ectrol ess nickel bath was prepared as in Exanple 1. An equival ent of
3Q gnmL of [err] particles was added to the plating bath. Sanme suspension
maeke up as Exanple 12, 0.02 V/O Fluorad FC- 135 cationic surfactant (3M Co.)
and 0. 01 VEO Fluorad FC-99 anionic surfactant (3M Co.) was added. Panel’'s
wer e ﬁol aked at [err] for 1 and 2 hours. Platigg rate 0.00035"/hr. Results
Wwere po8T little or no particle co-deposition. EXAMPLE 14 Repeat of

Exanple '13 with tenperature at 1850 F." Sti-ll poor results wth little
or no particle co- deposition. Panels plates 1 and 2 hours. Plating -
rate 0.0004"/hr. EXAMPLE 15 An el ectrol Lckel bath was prepared as in
Exanple 1. An equivalent of 30 gm L of i-t+¢el es was added to the

plating bath (sane suSpeesiatlhsa&xExanplE?)15 Fafivend duGn}3plafimni €or 1

surfactant incregged to. \Y// I reP | 0 Poor
particl e deposi t?%ﬁ,' p‘gh%%rmg?gcgtaﬁggﬁégwpﬁtlgghggaabﬁg?c%y‘{ gfg%lln g'g'aete
0.00035"/ hr. POOEXANEIH U AStRaekdat Pids . Deliml dibtled ter danpprsislieng
for 1 day. H gheyeper§eibnat PadtaheFlrdeead 0G0b8% /akl,|| gave poor results.

Streaks, pits, etc. Little or no particle depositjon. Plating rate
0. 00035"/ hr. EXAMPLE 16 An el ectrol ess rﬁ’&i&r’:aﬁu was prepared as in
Exanple 1. A [err] suapensgileetwadepscpaietteds balthowsas50@repareddeiagni iad
[err] 1.0 VIO EGERGYCP. 1 6#) 2880011 6n5 WakaptaBh rb& B Rl ious:
' 500 ml deionized H:O0 |
Y - 1.0 V/0  IGEPAL CO. - 720 non-ionic surfactant
: : (GAF Co.) -
100 gm CFx particles
Stirred for approximately 1 hour. A suspension equi¥alent
. of 30 gm/L CFx pérticles_was added fo the plating bath.
0.02 V/0O Fluorad FC-99 anionic surfactant was added. Test
panels were plated 1 and. 2 hours, Plating looked good,
but no particles were co-deposited. Plating rate was
'0.0004" /hr. _ '
EXAMPLE 17 .
The same plating bath as in Example 16, with
.addition of 0.02 V/0 Fluorad FC-170-C non ionic
_ surfactant (3M Co.). Test panels were plated for 1 and 2
- hours. Plating was good, but no particles were co-
' deposited. Plating rate was 0.0004"/hr;
. EXAMPLE 18
A plating bath was made up the same as in Example
15, with the equivalent of 10 gm/L CFx particles and an
. operating pH of 4.6 - 4.7. Test panels were plated for 1
‘and 2 hours. Plating was.uneven with some particle co-
'deposition. Plating rate was 0.0004"/hr. '
EXAMPLE 184
Same bath as in Example.18,_with a pH lowered to
4.1. Test panels plated 1 and 2 "hours showed some
improvement in appearance, but only fair co-deposition of
particles. Plating rate was 0.00035"/hr.



100 g

Exanmp

surfactant (3M Co.). Test panels mgxnmgtgtgd for 1 and 2 hours. Pl at%

was

: 15 wi t h tharticlesl éntcreaséd gmzp[gn,fr]. qmitpltneﬁ-ana.anTeperpahegspH.of o
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| e

[err] particles Stirred for approximately 1 hour. A suspension
equival ent of 30 gmiL [err] particles was added te the plating bath.
VIO Fl uorad FC-99 anionic surfactant was added. Test panels were plated 1
and 2 hours. Plating | ooked good, but no particles were co-deposited.
Plating rate was 0.0004"/hr. EXAMPLE 17 The sane plating bath as-

16, wth addition of 0.0229v/O Fluorad: FC-170-C non
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even
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EXAMPLE 20

An electroless nickel bath'was'prepared as in Example

3, with CF, suspension equlvalent to 25 gm/L added. The

- following parts were plated -

1. Plastic mould, A-2 tool steel 4'0.003“-0.0005"}
2. . Turbo super charger, nickel alioy, ‘steel, silver
braze, 0. 001"' ' '

3. Wear bushings, steel 0. ooosn-o 0007";

4. Pneumatic cy11nders, alumlnlum, 0.0005%-0. 0007“'
All plated well with unlform dispersion of CF, partlcles.
Plating rate was 0.00035"-0.0004"/hr. |
An electroless nickel bath was prepared as in Example
12, with CF suspen51on equivalent to 25 gm/L added the
follow1ng parts were plated -
1. Disc valve, cast steel, 0. 601"°
2. Impeller, brass and stainless steel, 0.0005";
3.' Pneumatic cyllnders, alumlnlum, 0. 0005"-0 0007%;
4, Roller shaft,. alumlnium 0.0005";
5. Print wheel, steel, 0.0005"; '
6. Thrust rnnners; Inconel (Registered Irade Mark) 718
(an alloy consisting of:-
| Ni - balance

- 18.6
Fe - 18.5
Ak - ol
Ti - 0.9
Co- S5
Mo - 3.1 ,
C - 0.04) 0.0018-0.0020";

i fi@Peased
T&'eStpepmiasS were plated 1 andl 22 hnouss. Pl at i ng

19ggggﬁhpggeﬁ%paﬁsag 885£E§Qrt;53§tb2go§fégp PlQQQﬂé/?g
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10 Plating still good, but poor particle deposition. Plating rate was
0. 00035"/ hr. EXAMPLE 20 An el ectrol ess nickel bath was prepared as in
Exanplfe 3, with [err] suspension equivalent to 25 gm L added. The 15
followi ng parts were plated - 1. Pl.astic mould, A-2 tool steel -
0::003"-@+0005"; 2. Turbo super charger, nickel alloy, steel, silver
‘braze, Qg 001"; 3. Wear bushings, steel, 810005"-0.0007"; 20 4.

Pneumati ¢ cylipdersplalckyi muuml-ﬁ\eQG(ﬁ"(ferQQQZ')noALte?fausql ¢6hmbinkthon
-uni form di spersion @

f ti cl
0. 00035"- 0. 0004" / hr & °E%Aﬁéjﬂé‘%§r f %t%%&c 3 g’*HP‘ck&P"B&FhansbﬁPéﬁar ed as

in Exanple 25 12, wi.olo1'¢sijdesuspensi on equivalent to 25 gnf L added the
following parts were plated - '1. Di Sgééggﬁi;%iaSt steel, 0.001"; 2.

| npel l er, brass and stainless steel, O £ Pneumatic cylinders,
al umi ni um 0. 0005" - RepgAt' OQOExﬂmpleRﬂIW#t%hﬁf$ VdQﬂﬁlﬂQRﬂQ)UGGSVO'G

Print wheel, St’r"%@.’n pareiele 'dépos:.ﬂ_i‘éﬂs'[hdwSdik‘%‘i@.‘iﬁ'tl@ﬁeﬂhg ftheden! ade
Mar k) 718 (an alla con5|st|n bal ance

e ) a5 A 38 dafiviagasy e iote; depseition Sacongs. pogr, a5 bifhoy
0. 0018-0. 0020"coagdlhtes.
' 10 _ . EXAMPLE 23
' - Same make up as in Example 22, with 0.02 V/O Fluorad
'FC-135;cationic'surfactant (34 Co.). added. Plated panels

— | . were dark .and patterned, good particle_distribution. Bath
_ plating rate slows after about 0.0003" plating thickness.
15 EX L 4

A suspension was prepared as follows:
1000ml deionized H,0 _ _
1.0 v/O EGEPAL CO - 720 (GAF Co.)_ nonionic
0.13 V/O Fluorad FC-135 (3M Co.) cationic
© 20 100 gm  CF, particles
- Stirred for approximately 1 hour. An electroless nickel
bath was prepared as in previous examples. The equivalent
of 26 gm/L of CF;pa:ticles in suspenéion.was added. Panels
‘were plated for 1 hour. Plating was poor, but good
w 25 particle distribution was.obsefved. Wetter(s) "oil out"
with use causing uneven particle suspension, foaming in the
plating bath, and also resulted in skip plating. Plating
rate was 0.0003"/hr. '
| | EX2 25
30 A suspenSion was prepared as follows:
500 ml deionized H,0

'_1.0 V/O Avanel N-1525/90-a nonionic surfactant in .
o the form of a chlorine-capped alkyg . .
polyether (Mazer Chemical Co.) :

35" 76 gm CF, particles (equivalent to 20 gm/L in
' : plating bath)

Stirred for approximately 1 hour. An electroless nickel
bath was prepared, as in previous examples. The above
suspension was added. Panels were plated for 1 hour. Fair

- 40



7. Bl ock, multi-netal (ferrous/non-ferrous). conmbination consisting of
steel, alum nium copper and brass. 0. 001"/side. 5 -

E&ANPLE 22 Repeat of Exanple 6 with 0.5 V/ O Fluorad FCG-170-C. Fair particle <
deposi tion; however, distribution was uneven. As bath ages, particle
deposi ti on becones poor and bath coagul ates. 10

EXAMPLE 23 Sane make up as in Exanple 22 wth 0.02 V/O Fluorad FC 1315;“

cationic surf Gt added. Pl ated panel s wer r

pat t er ned, 3‘0“’3‘& tq(lrﬁwép’&'%‘%’ﬂrbmsor?bseﬁé' eﬁ eﬁﬁrr'a?@g'gl E’\ﬁga&f FBr about

0. 0003" plmmaqylateﬂaﬁﬁﬁr dﬁhtinued use and some particEkxsMVelbmpédi '

_ suspensronﬁq%} )00 deioni zed [err] 1.0 VIO
ECEPAL CO &9{%%@ noni oni (,/ 13 V/ O Fluorad FC 135 (3M Co.)

cationi® 20 100 gm [err] Q&ﬁﬂﬁLﬂa&é Stirred for approximately 1

hour. An el ectr gl efifsgindd@in Wald) prRspaed AL FAAdws T evi ous exanpl es. The

equi val ent of 20 gm of I cles in suspension was added. Panels

were plated for Sf%nd’br fﬁ’zﬁ f?gf‘#/\db poor, but good 25 particle

di stribution waq abseroed AvaisX eX529/9@inomisniovsur faxetanmtisimg unqven

particle suspension, foanmtheinfom plating bathilorinestappedsulalkyg n skip
plati ng0 Pl ati ng rat e was mnmemr(n&mmmam Co.) A suspension was

prepared as follp I 25/-90- a
noni oni ¢ surfact ant in thnég OZ\FIQ é%ﬁ%jb&h ‘}@yﬁ@eﬂ? er (Mazer
Chem cal Co.) 35 ' [err partic (ec?ﬁlvalent to 20 gmML in
pl ating bath) St3& rg® for &xpﬁb‘%fiﬁaﬂ-ep EaﬁﬁéFlesAn el ectrol ess nickel -

Stirred for approximately 1 hour to form a wetted s
15 suspen51on. An electroless n1cke1 bath was prepared as in |
Example 1. The above was added to ‘the plating bath.
(Equlvalent to 20 gm/L CF, particles) Panels were plated
for 1 and 2 hours. Particle dispersion was uniform and
excellent. Platlng rate was 0. 00035"/hr. slight pitting.
20 was observed. o 8
XAMPLE 27
'A“CF' Suspension and an electroless nickel'bath was
prepared as in Example 3 with a CF, suspension equivalent to'
25 gm/L added. SAE 4620 steel rings (Falex Corp.) were
25 plated at the same tlme for subsequent "block on rlng"
(ASTM g-77) wear and co-efflcient of friction testing as W
follows: ' ' ' ' :
2 rings 0.001"/side |
2 rings 0.001"/side and post bake cycle
30 The post bake cycle was performed per MIL-G-687SG at 650°
for 8 hours minimum.
| EXAMPL |
a CF,'suspension°and an-eleCtroless nickel bath was
_ prepared as in-Example-iz with a CF, suspension equivalent
35 - to 25 gm/L added. ' SAE 4620 steel rings (Falex Corp.) were
- plated at the same time for subsequent "block on ring“
(ASTM G=77) wear and co-efflclent of frlctlon testlng as
follows: .



bath was prepared, as in previous exanples. The above suspensi on was
added. Panels were plated for 1 hour. Fair 40 22 particle distribution
wds observed; however, bath began to coagul ate after continued use and sone
particles clunped. Plating rate was 0.0003"/hr. 5

\EXANPI';-E_.-?-% A suspension was prepared as fol | gys: 500 m dei oni zed [err]
1.0 V/ O5¢"Avanel 1525/90 nonionic surfactant 1n the form of a .
chl ori ne-'capped alkyl 10 ‘ pol yet her (Mazer Chem cal Co.)

0.76 m (0.02V/ O in plating bath) Fluorad RC- 135 cationic surfactant (3M
Co.) 76 gm [err] ade 1030 particles, Stirred for approximately 1
hour to form a me?%e51355 sus e&%}ozgl An- el ectrol ess nickel bath was
prepared as i'n Exanpl e2 Iringdhe abod@l WWwsidé desd t podhebght@téygldat h.

(Equi val.ent to 20 g r | cl Papel s re plate r 2
hours. Particle di sp;iigo%(‘l’\s/\ggg%%igf%ﬁr%%nw asex%eeﬁl\%ﬂ?&) %ﬁ%ﬁ?%“?é&%&t
0.00035"/ hr. slid@0pjfer g hoursminimemyved. EXAMPLE 27 A [err] suspension
and an el ectrol ess nickel bath was prepaggdmesgl 2gExample 3 with a [err]
suspensi on equi valent to %S m L added., ~ SAE 4620 steel rings, (Falex
Corp.) were 25 _plat ed ™t ﬁgté’&l;h?stsi mickpl shathqwas PrARated agi dg the
(ASTM /g- 7(71) wear pureltouef Ek)elin@gbsqf déxéqst' gaot €t 'lnﬂuggeﬁﬁ_lri]bﬁV\&'aSZbdtid‘ﬂﬁ.
0.001"/side 2 ri ' 0l1'/side a e cycle The, post_ .bake
cycl e was perfor n@é@ p%é)z(i)/l%t-ﬁ% satp%g#ef’f TESrY e pratsa P cn Same
time for subsequent "block on ring” (ASTM G-77) wear and

— coefficient of friction testing as follows:
2 rings 0.001"/side _
2 rings 0.001"/side and post bake cycle.

The post bake cycle was performed per MIL-G-6875G at
650° for 8 hours minimum.

' _ EXAMPLE 30 .

"Block on Ring" (ASTM G-77) wear and co-efficient of
friction testing was cohducted on ihe rings of Examples
27-29. The rings of Example 29 were used as the control
to determine if parts plated with a co-deposited
fluorinated carbon-electroless nickel had properties
superior to parts plated with conventional electroless
nickel. The rings plated in Examples 27 and 28 were
plated by the process of Examples 3 and 12, respectively,
since the processes of Examples 3 and 12 provided good
-plating with a heavy, uniformly distributed co-deposit of
fluorinated carbon in the plated nickel matrix. _

The testing was conducted by Falex Corporation,
Aurora, Illinois on their Falex Block on Ring machine.
The tests #ere conducted'at ambient temperature without
lubrication. The specimen rings were rotated at 100 rpm
while subjected to a load of five pounds. The specimen
block was type H-60 with a hardness HRC 58-63. Table A

beldw summarizes the test results.



for 8 hours mnimum EXAMPLE 28 A [err] suspension and an el ectrol ess

ni ckel bath was prepared as in Exanple 12 with a [err]- suspension -
equi valent 35 to 25 gm L added. SAE 4620 steel rings (Falex Corp.) were <
plated at the sane tine for subsequent "block on ring" (ASTM G 77) wear and
co-efficient of friction testing as follows: 23 2 rings 0.001"/side 2
rings 0.001"/si de and post bake cycle. The post bake cycle was perForned
per ML-G 6875G at 6500 for 8 hours m ni num EXAMPLE 29 An el ectrol es§%

ni ckel bath was prepared as in the previous exanples, except no [err]
suspensi on was added. SAE 4620 steel Ri4ngs (Fal ex Corp) were plated at the. -
sane tinme for subsequent "block on ring" (ASTM G 77) wear and coefficient

of friction testing as-follows: 2 rings 0.001"/side 2 rings

0. 001"/ side and post bake cycle. The post begkegcycle mas uprforned per

M L- G 6875G at 6500 for 8lhours ninimum . EXAMPCE 30 "BlgckS on Ring" (ASTM
G- 77) wear and co-effici €t of friction testing was conducted on the rings
of Exanples 27-29. The rings of Exanple 29 werg used agiti® control to
determine if parts I at ec|wigt hsa gogdeposgt gl  ugrigat®d: :
car bon- el ectrol ess ni ckel” had propertles superlor “to parts plated with
conventional electroless nigkeh. JJThe rings Rl aedyi N, Exanpl es 27 and 28
were plated by the process &f ExanpRes&3 &nd 1%, Eespedtiwely, since the
processes of Exarrpl es 3 éﬂd|12°pr‘=bvf=de€l g‘t)od> € 6 o & ¢
] 1 ] ] 1 ] A
- Y B 2 ©® e < © &8 v o ©o © &
£ {4 S 5; [¥-3 v S.? —I.‘I'g : g ﬁ Sa - :
[=] o . . . . . . .
I} = ¢ & 6 o ¢ o © © © °© e e \J
[~ ®. 2 < =] ~ [~} o~ < N [
48 &R I REZETRSE
_ 8 ¢ ¢ 6 68 6 6 8 6 6 & © &
> £ 1 I 1 1 1 ' 1 1 1 1 1
O = J 8 &8 B &4 &N O WV ON & & o 9.
E L] = (-} -] e . e o o (- -] [~ -] o
™ ) .
8 2 © 0 e n . - e
. 4 T . h e N © © ©
.
i El e e © & 6 56 &€& 8 & 6 &
g g s [ ! ' 1 to T 1
[ € © ¥ ® ® & &6 ® & & © o
£, 438§ RfEERZIRZ
g =2 Zl e ¢ o 6 & 6 56 &6 &8 & & &
8
=1
ai
g .
=
2 4 \
e 5 g | -/
£ = = & & & & & B S £ & 8 ¢ 2 '
L
£ E
g E_‘E_ E' - - - - . D - S - Y ST Y
; l: E 5: o~ ~N < < 2 P < - ~ N
B E £ E £t
g & ~
= K e
2 & i i



plating with a heavy, uniformy distributed co-deposit of fluorinated
carbon in the plated nickel matrix. The testing was conducted by Fal ex

Cor porfation, Aurora, Illinois on their Falex Block on R ng machine. The
tests were conduct ed at anbient tenperature w thout lubrication. The

speci mep~rings were rotated at 100 rpmwhile subjected to a load of five
"pounds.«Jhe speci men bl ock was type H 60 vﬁih a hardness HRC 58-63. Table A

bel ow summari zes thﬁxéeebs&ewéﬁts c FR&how eﬁaih%hbefxiu{g”é%i
-clearly show that t?ﬁ%“ ng%gﬁste W t f uor| nat ed carbon co- p03|

with el ectrol d&thi ckbyor t tEATPRB | €PTIeRORA LR, Wikh sielret

r Ihngs t5h Eﬂ ﬁt efiokéd m%&tﬁmll@xﬁﬂiﬂw and wFaiéeiresa.sfﬂiﬁcéeSlha:ﬁ bﬂ‘iﬂlﬁ

shows at _heat tne grea enhance ubrici

reS|stance %@#%@/ h)in %ﬁ%f’ ?ﬂdie?:ﬁc ‘f]'r?ft tﬂéxﬁggf regf}ﬁt %’fe

achi eved in thﬁupthees sixm(ﬁ ﬁlatrpllmtmtreaengﬂtl grieatAynenhénces| rtheéese

Exanpl es, a noi‘u!:Pﬂ:ft%“&ﬁ&%@?# *@éigﬁglg@gt I n the amount of about 1.0
tronic

vol unme percent and uor 1 nat surfactant was present in the
amount of about 0.0A (KeVieY 08| (the pExaaplescyingicates that othes hest o4

S“EWVZP? PO i v
cationi c $n%ée#§u£iag ?gw Oy{ %ﬁ@ péf 5y & |'f?'&%1’fr°‘fjo°

achieving a unsﬁnfactanﬁewaw lpr@he{dmdm netiedameubnof about 1.0 volume

- percent and a cationic fluorinated surfactant was present
s

in the amount of about 0.01 to 0.02 volume percent.
Examples 18,18A,19,19A and 24 show that the cationic
15 fluorinated surfactant concentration as'high as 0.1 volume
- percent yields unsatisfactory results. ‘A concentration of
cationic fluorinated surfactant below 0.1 volume percent is
\ critical to achieving a uniform co-deposit of fluorinated
carbon. ' . '
20 )
U 25 _
30.

35



: ‘A process of co-deposition of fluorinated
car bon WtBEm g\i ni ckel conprising the steps of: 5 ' prepari ng

an ‘el e Iatlng solutlon preparing a suspension of
quor| an|ng sai d sol ution and said suspension to forma
stabl e platlng bath i ncluding fluorinated carbon present in an anount .
ranging from5 to 50 grans per litre, Bbckel 10 present in an anDu_t'
ranging fra ghgug to 9.0 granms per litre, a non-ionic non fluorinated™
surfactant “present in an anmount ranging from0.5 tg 5 _vol upe percent,

and a cati &ni c AfPHOFESS: 84 c&rﬁ?P&ﬁéFﬂepnﬁfyflﬂﬁﬁﬁﬁPBﬁF cagbae- E&Fhactant
present inedecttoless’ wicked ,§ comptigingt thecsteps otfhan 0.1 vol une

ercent; and |n UCie ce into,s l,e bat h and

P e N CPESBAEIRG, A KR e el R1aRed BARBA BRI N 2

i ncluding a co- Q@pparﬁng:dlsmspamamcm ofr fdnorinated watdbomgr sed in a

| at ed ni ckel c [ fyrther
Pncl udi ng t he rsT?lep 019 he ?géﬁ:ggﬁsg?‘g %[(H é‘qg’r’é‘g?%‘g @1?1 %%pruocess
accordi ng s&ablg mlatipg lzatmelw Jmu ed sarben presentpibsent in

sai d suspeaal Qinovht réngiaee&&oﬁ:cgrébngsd OgPdis Ope¥ ali€rd, t fidkedherein
d cationi %Osurfact ant '-}Dg‘- pr esent . sal EI’ ocess

25
28 s 4 BreRhpt, PH 3R Sy HrEie bt Brdl O 3 SRS S, pame e
pr esent |n1aMranDannonahgnmg ﬁonmfIﬁbriné!h@wennfqntaﬂtwpneseht irAapr ocess

according Lo 3¢ PhnGiRs eroh C02s E"4.E volume percent, and a |
‘cationic fluorinated alkylquarternary ammonium iodide \/
surfactant-present'in an amount ranging from 0.005 to less
15 than 0.1 volume. percent, -and- _ |
introducing a workplece 1nto said stable platlng bath
and 1n1tiat1ng an electroless plating process to form a
plated workpiece including a co-deposit of fluorinated
carbon uniformly dispersed in a plated nickel matrix.
20r 2. A process according to Claim 1 and further including
' the step of heat treating said plated workpiece.
3. A process according to Claim 1, or 2, wherein said
non-ionic surfactant is present in said suspension.
4. A process according to any of Claims 1 to 3, wherein
25 said cationic surfactant is present in said suspension.
5. A process according to any of Claims 1 to 4, wherein
said fluorinated carbon ie.present in an amount ranging_'
from 20 to 25 grams per litre.
6. A process according to any of Claims 1 to 5, wherein
30 said nickel is present in an amount ranging from 5.0 to 7.0
grams per litre. _
7. A process acccrding to any of Claims 1 to 6, wherein
said non-ionic surfactant 1s present in an amount of 1.0
-volume percent.
35 8. A process accordlng to any of Claims 1 to 7, wherein
said cationic surfactant is present in an amount ranging
: from less than 0.01 to 0.02 volume percent. _
9. A process according to any of Claims 1 to 8, wherein
said workpiece is formed of a mater1a1 selected from a



30 said ni ckel is erangi ng from5.0 to 7.0 grans per

ljtre. 7. A process (o gal t 'MOf Clains 1 to 6, wherein said
non-ionic surfactant '\mgmmmmi mount of 1.0 vol une percent. 35 8.
A process according to c oft C*aifs 1 to 7, wherein said cationic
surfactant is present in an anount ranging fromless than 0.01 to 0.02
-vol urre‘uggircent_. 9. A process according tg any of Clains 1 to 8, wherein
sai d woTkpiece is forned of a materi al sel®tted froma 27 group

-consi sting of gteep, confisbihgsofesteeal ckit2atbol, steélernickeli alloy, cast

steel, brass, Lol ess, b O a al NSkt b

Ni - bal ance, Créfig{'%' Fes‘iﬁéﬁ%fgmg' p%\‘fi&8 th%glb @Q)AEO%QS éﬁ/%i"g.ﬂ?[géncft@eol.’04.
10. A process GRBReH| t@ndley epnsigting O NighalanceqiGr h&xé nFe-
process isscariggs, ong-6{4f 15069 pt 0685, Ofiol801[&hd] c-apdaa pH of 4.5-4.6.

15 A process ol §l Bokeedl ALTLaRHES AL L RRTRRC o 0 ISaN
uni formy di spsat@dplating girotesskis carriedpiostarat] ay temperatores of

any of d ains :}8691&9°F.15and a pH of 4.5-4.6. :
_ 11. A process according to Claim 1 substantially as herein

10 described. - |
o 12. A plated workpiece including a co-deposit of
\_/f " fluorinated carbon uniformly dispersed in a plated nickel
matrix prepared by the process of any of Claims 1 to 10.

15




