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ABSTRACT ‘ '
The mold industry is one market that is increasingly recognizing the benefits of electroless nickel
coatings. Histarically, mold tool manufacturers have used hard chrome to protect molds frOr"n corrosion
and wear and to build up dimensional tolerances. However, hard chrome, by it very nature, can not meet
-all the requirements demanded of a coating for plastic injection, rubber and glass mold applications.
Tlectroless nickel is now being used as a replacement for hard chrome in many applications due|: ‘o its
unique comtination of physical and performance properties. |
In this paper we will outline the properties of electroless nickel that make it attractive to the mold
industry. Inciuded will be a detailed review of specific electroless nickel coatings including electroless
nickel PTFE, electroless nickel silicon carbide, and lew and high phesphorous technoiogies. The use of
these electroless nickel coatings will be contrasted with hard chrome, nitriding and dry film lubricants. We
wiil atitempt to explain through practical applications which coatings may be suitable for which

applications.
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INTRODUCTION

The moid industry is one market where electroless nickel is increasingly being spécified as a
vaiue-added coating. Historically, mold tool manufacturers have used hard chrome to protect molds from
cowosioﬁ and wear and to build up dimensional tolerances. Although beneficial for many applications,
hard chrome, by its very nature, can not meet all the requirements cf this indus‘tfy, including those for
plastic injection, rubber and glass mold applications. Electroless nickel is now used as a replacemen‘t for
hard chrome in many areas due to its unique combination of physical and performance properties.

Electroless nickels are piating processes that autocatalytically deposit niéke! alloyed with up to
12% by weight phosphorus. Since the process requires no electrical current (as used in electrolytic
depositicn of chromium or nickel) the result is a very uniform coating that has a dense, essentially
amorphous structure as plated. Blind holes, threads, channels, recesses or internal areas receive the
same amount of plate as sharp corners, edges or flat surfaces. Therefore, total “as plated" thickness can
often be reduced and close tolerances {within 0.05 to 0.10 mil) maintained. Although electroless ﬁickel
can be machined, machining to size. is frequently eliminated due to the as-plated uniformity o\f the
electroless nickel coating.

Electroless nickel coatings provide a range of corrosion protection from good to excellent
depending on the process selected. Coating thickness, substrate condition and surface preparation
procedures are also important factors which determine both cecating porosity and the ultimate resistance
to corrosive attack. The protective properties of electroless nickel are partially attributable to its dense
essentially amorphous structure which can be free from porosity. This is in contrast to the micro-cracked
structure of hard chrome deposjts which are. generally more porous‘in nature. Electroless hickel deposits
tend to form adherent passive nickel oxide films on the surface, particularly at elevaied temperatures,
which further add to their overall protective properties.

There are several different types of electroless nickel coatings including low phosphorus, mid-
phosphorus, high phosphorus, electroless nickel PTFE, and electroless nickel silicon carbide. Each of

these types of electroless nickel coatings is designed to provide unique physical and performance



‘characteristics. To reahze ihe tenefits from the coating it is imporant to select thé proper type of

eiectroiess nickel coating for each individual application.

GLASS MOLDS

The glass mold industry is an energy intensive (gas) industry and is production oriented with high
- #ield objectives. The majon'ty of molds are constructed of either stainiess steel or steel and later tcoled to
engineering specifications. The coating of choice for most meld applications has historically b;en hard
chrome. However, due to the extreme adverse conditions ﬂza?. thess mo%c;s are subjected to, electroless
nicke! has started lo bs evaluated as a viabiz alternative.
In a typical glass molding operation moids will often be pre-heated to 900 to 1000 °F prior to
eiving the melten giass. The mald coating must enhance the bifity of the .r,:%d to release the produ
viithout experiencing coating adhesion probiems. Molds will be removed from service and replaced if
residual glass in critical areas of moids are found. The‘ temperaturs of the moksen glass wili be 1000 to
1200 °F when the globule comes in contact with the surface. The coating must be able to expand and
contract in this harsh environment without c.racking,‘ sc sgieciing a coating with some ductility is ifnponant.
Because of the abrasive characteristics of sifica, the coating on molds must be abls to withstand
the impacl of the molten n glass hitting the mold as well as Jlass splinters that may occur when the prod«.:ét.
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is described above, g 'low phosghorus (2 to 4% by wc: nt)

eleclroless nickel coating with its high as plated hardnes s {HV10g 825-575). exceilent srosion resistance

and high mefting temperaturs is an ideal coating choice.

PLASTIC MOLDS

The plastics industry has used \,oat.ngs in injection, transfer, and compression molding

applications for many yeafs. Chrome, again, has been the coating of choice, but electroless nickel,
particuiarly high phosphorus(10 to 12% by weight) and clectroless nickel PTFE compasite have become

incrsasingly popular in recent years.



- There are many causes of wear in a plastic moild th;at can contribute to greatly reduced mo}ld ljfe
in service. Abrasive wear can occur on compression molds which use mineral or glass-filled materials
that can exhibit a scouring action on the mold surface. In transfer and injection molding of thermosetting
materials, wear is often detected in the high flow areas such as in tﬁe sprues, runners, gates and portions
of the cavities and cores that are directly opposite the gates. In ini__ection molds for thermoplastics, wear
most commonly appears on the surface opposite the gate.

Most ofien damage results from continuing to run the mold after flashing occurs. However, tr;ere
are often other sources of damage such as when wéter contacts unpiated surfaces ar;d corrosion ensues.
Water forms in the molds from condensation, seepage through borous metals, leaky pipe fittings and o
rings. | Where chillers are used for mold temperature control, condensation of moisture 6n thé mold
surfaces can sometimes occur even while they are. in full operation. ‘Careless handling of hoses and feed
lines during hook-up leaves water on the mold surface. Corrosion is progressive and even if ihe molds
are stored afier being sprayed with an anti-_oxidant, a few drops of water ‘or condensation can cause
’.:emendous and costly damage.

Not all damage to molds is confined to molding surfaces. Rust and salt deposits form insice of
the heating or cooling channels in spite of the use of well designed treatment systems. Eiectroiess nickel
sclutions can be pumped through water lines and the résultant coating can fdrm a barrier coat against
cormrosion. This héé been sho_wn to be a cost effective way to minimize corrosion in these areas.

Another source of damage can include attack f}om acids after exposure to corrosive materials
which may form when some thermeplastics are decomposed by over-heating. Overheating can occur in
the plasticizing cylinder, the hot runner system or in the mold cavities as the resutt of too small gates, or
inadequate ven’.ing or cooling systems. During the molding of PVC, a small amount of hydrochloric acid
is formed which is extremely corrosive to the mold cavity. Electroless nickel, by its véw nature, is an
excellent corrosion barrier for most mineral acids, whereas chrome is attacked by these materials.
Stainless stéels' can also be susceptible to attack by chlorine or fluorine containing plasti?:s which can lead

to pitting or stress corrosion cracking.



The main benefits of using electroless nickel coatings in the plastic mold industry a‘r‘e_.summarized
beiow:
Enhance release characteristics versus other coatings
,Provide corrosion protection for the mold
Im;ﬁrove wear resistance from galling and scratching
Salvage worn, daméged or wrongly machined molds
Extend the useful service lffe of the mold and reduce downtime

Eliminate the need for release agents on mold surfaces

ELECTROLESS NICKEL PLATING PROCESS

Before beginning to process the mold component the plater must know the alloy of the mold to be
plated. This is necessary lo dete}mine the optimum pretreatment cycle to insure excellent adhesion of the
subsequent plate. Knowledge of the part's past history is also a very irn_por’.a_nt consideration. The plater -
must make cerlain that the mold to be plated does not have any of the previous coating remaining
(sometimes when molds are polished it is very difficult to detect by the naked eye, so it must be veriﬁed).
Occasionally, the mold is magnetized which can create problems and cause roughness during the
electroless nickel plating process. Also, the piater needs to understa.nd if the part has undergone any
previous heat treatment such as nitriding, .which could affect the pretreatment cycle the plater will use
before plating. In addition, the plater will need to know what temperature the subject piece is likely to see
so that the correct type of electroless nickel can be recommended for each application.” Finally, the plater

needs to understand the overall thickness that needs to be applied and if the coating is to be applied over

the entire mold or only in selected areas.

SURFACE PREPARATION
This is an extremely important part of the overall plating process that will insure excellent
adhesion of the subsequent electroless nickel coating. Sometimes mechanical finishing is necessary with

either a glass bead, corundum or other mechanical finishing techniques. Mechanical finishing can ¢reate



small siles that can act as anchors for subsequent plating and promote adhesion. On molds that are
i . .

highly polished or lapped already, mechanical finishing usually cannot be used and a’chémical cleaning

and activating cycle is used as below:

1. Alkaline degreasé using ultrasonics, if possible.

2. Rinse |

3. Electro-activation using periodic reverse.

4. Rinse

5. Woods Nickel strike entering the tank “live" if p;ossible.
6. Rinse |

7. Electroless nickel plate

8. Rinse

~

This plating cycle will work well on most steels and stainless steels. Please note that a hydrochloric acid

pickle is not usually recommended(only in the case of severe rust or scale) because it will tend to cause

hydrogen embrittlement in the base material.

COATING CHOICE

As-Plated Salt Spray ASTM
Electroless Nickel Hardness {°F) - B-117
(Type) Content (HV100) Melting Point 1 mil) R
High P 10-12% P 450 - 500 1500 - 1600 1000 hours
Low P 2-4%P 625 - 675 2000-2200 96 hours
“Nickel PTFE 9-11%P 300-350 1500-1600 1000 hours

20-25% PTFE.

P refers to phosphorus
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As is shown in the above malrix, there ié a considerable difference between the physié:al
properties of the three types of electroless nickel described. The high és plated hardness and high
-.melting point range of the Low P electroless nickel coating make it an ideal candidate fér use in ti‘:é glass
mold industry where silica is extremely abrasive towards mold surfaces and there is a need for a coating
to withstand the extremely high temperatures. Where the Qltimate in corrosion resistance is requiréq,
either a High P or Nickel PTFE composite coatihg is the right choice. It has been proven in the field that
if it is necessary to deposit higher thicknesses (>2 mil) then the high phosphorus electroless nickel is
“preferred.
Coefficient of friction data is shown below that further djlﬂerentiates the coatings. Hard chromium,

electrolytic nickel, nitriding, and a dry film lubricant are also included in the matrix along with the three

classes of electroless nickel.

Per ASTM D-2714 unlubricated

Coefficient of_Frlction Data

High 0.60
0.60 - 0.50 -
0.50 + Z
0.40 + ©0.30 %/ ' %
0.30 + 0.20 7 %
020 + e 0.10 % // / //
g;;g--mgm%//m % //= B
Low Dry Film  Electroless  Hard High P Electrolytic  Nitriding
‘ Lubricant  Nickel PTFE  Chromium Electroless Nickel
Nickel
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The dry abrasion resistance of coatings is commonly evaluated using the Taber Abraser wear

tester. ‘
Taber Wear Index Wear P | ” - galling
| ear Properties -
mg/1000 cycles | galling
70 - ' .
60 ///
50 %
40
30 + 7
5 - . .
Hard High P Low P Electroless  Electrolytic. Nitriding
Chromium  Electroless  Electroless  Nickel PTFE Nickel

Nickgl Nickel

All tests were performed using a CS-10 wheel and 1000g load.

THERMAL TREATMENTS

Parts having a tensile strength of greater than 1050 MPa, that have been acid-stripped for
recoating shall be rebaked in accordance with ASTM B-733 for embrittlement relief before pléting. This
usually requires a bake at 200 °C for 2-24 hours, depending on the stress. Peening prior to plating may
be required <‘:>‘n high-strength steel parts to induce residual compressive stresses in the surface, which can
reducé loss of fatigue strength and stress corrosion resistance after plating.

When metals are electrocleaned, pickled, and plated with autocatalytic nickel, they are exposéd
to hydrogen, which can be absorbed into the substrate crystal structure embrittling high-strength steel and
inducing catastrophic ;cracking. Electroless nickel plating, by itself, does not cause hydrogen
embrittiement. Hydrogen embrittlement is usually due to exp'osure:'tb mono atomic hydrogen (H),
particularly during the pretreatment cycle (eg: acid pickle). If required, the plated parts shall be stress

relieved by heating to the appropriate temperature called out in ASTM B-733 within 4 hours after plating.
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In order to achieve maximum coating hardress after plating it may be necessary to instity
LI
thermal treatment of 400 °C for 1 hour or 280 °C for 12 hours. The exact heat treatment to achie,

maximum coating hardness will vary depending on the alloy of the coating. Haat treatment aher plag

~ can also improve adhesion of the coating to various substrates.

Selective recoating of mold components w‘here the geometry of‘ the mold does not alloy
subsequent electroplating.

26 - g



To insure “smooth parts” along panting lines

Slides with “thread™ or “punch” with threaded head (bottle caps)
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- Selective b.ild up application

Zones where the surface imprint (imhating lealher) is to be protected to avoid wear

Ni

0
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_ig" of Tows Of extrusion or injection of plastic materials

Molds for large production of pieces (when the thickness is to be reduced to allow use of less

plastic material)




