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By: Oscar Quintero and cleaned with acids to remove the scale that was
Senior Engineer formed during the hot rolling process. If cold drawing
_ was used instead of hot rollers, then the cleaning step
Introduction . . . o
might differ from the hot rolling process, but it is still
Wire ropes are used in a variety of industries: oil and cleaned to remove any contaminants present on the
gas, pulp and paper, transportation, among others. Th~-
are critical in carrying out day to day operations such & *: *
lifting heavy equipment, moving logs, in drilling oo | e | TR | R
operations, etc., and due to the magnitude of the load e SRIZTES . BORTEE BR12IFE
that some of these wire ropes handle, safety is @ £
extremely important. A faulty wire rope, besides causir R sxﬁ(.z,s)m R, 2
costly damage, may <cost ‘ * ﬁ &
G .. 2 3 -
While there are many damage mechanisms that can R
affect the integri ty of wire rope, hy drogen | 6xFi(29)FC 6XWS(31)FC est‘F?s)Fc 6xSec(37)FC
embrittlement is particularly critical. This article will %‘E b
address hydrogen embrittlement in wire ropes, how it T T S B
happens, and how it can be prevented. A case study i o ; ;
. - g’g % i 'S
then presented to illustrate the damage characteristics TR e A >4
A brief description of wire rope manufacturing is alSo | exFiz)WRE | sxWSE1IWRC | 6xWSESIWRC | 6xSec(an)WRC 17
provided, along with methods of detection and ways to @ @ "
avoid hydrogen embrittlement.
1x19 7 7x19 8xS(19)FC 8xS(19) IWRC
Manufacturing of Lifting Cables :
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The manufacturing of wire rope starts with a steel ingo : i " i =
which goes through several rolling stages until a wire - eome L A87E o BN
rod is delivered to the wire manufacturing company. Figurwide rope configurations (cc
This wire rod then is drawn into the desired size. Once group.com)
the desired diameter is reached, then the wire is baked (Continu&d on p



metal surface. In wire rope manufacturing, usually the are still present during the zinc electrodeposition step,

individual wires are cleaned with hydrochloric acid
(HCI). After the cleaning step, the wires are heat
treated and annealed to achieve the desired mechanical
properties, and an additional cleaning step might be
added. Some manufacturers apply a corrosion inhibitor
to prevent the wire strand from rusting while it awaits

its final destination, whether to another processing plant
or to the facility where the wire rope will be
manufactured.

After cleaning and heat treating, the individual wires go
through a plating process, where a metallic coating
(usually zinc or nickel) is applied to the base metal
through electrodeposition. An electric current is
applied in an acidic bath where the cathode (or anode)
is the coating material. This process is called
electrodeposition. After electrodepositing the wires,
the wires are then cleaned and rinsed, and the excess
zinc (or coating) material is removed. The cleaning ste|
that involves hydrochloric acid (HCI) is very critical and
will be explained later in this article. The final step
involves the plated drawn wires going through a babbit.
The babbit strands and twists the wire into the final
wire rope finished product. Several wire rope
configurations are available as shown in Figure 1.

Hydrogen Embrittlement Mechanism

Hydrogen embrittlement can occur when a part is
exposed to hydrogen atoms, usually as the result of a
chemical reaction where Hs evolved. The process
involves hydrogen migrating towards the grain
boundaries of the material. This causes the grain
boundaries to become brittle and weak. In order for
hydrogen embrittlement to occur, three conditions are
needed: a hydrogen source, a material susceptible to
hydrogen embrittlement, and a tensile stress (Figure 2).
Materials susceptible to hydrogen embrittlement include
steels with high hardness, typically above 30 HRC.

In wire rope manufacturing, the cleaning stepisvery Fi gur@hé&. hydrogen molecule dif

important. If wires are not cleaned properly, the
hydrogen from the HCI residues might diffuse into the
base metal of the wire. Additionally, if the HCI residues

the hydrogen migration will be aggravated and the
hydrogen atoms will diffuse faster (Equation 1).
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Equation 1:
7 l 7
Fe,:s) + HC"'l:aq} - Fe,:s} + H+ ;C&:.:g}, i FSH,:S}

During hydrochloric acid cleaning stage, hydrogen molg

can diffuse into base metal if hydrochloric acid is not
removed properly.

Furthermore, the electrodeposition process itself can
cause hydrogen to diffuse into the base metal (Equatio
2 and 3). The water molecules dissociate from the
solution once electrical current is applied to the plating
solution containing the zinc anode. This diffusion may
also lead to hydrogen embrittlement.

Equation 2:

M+H,0+e” = M+H+0H™ - MH+0H

Equation 3:
M+H;0" 5 M+ H*+ +H,0 - MH* + H,0

During electrodeposition, dissociation of the water mole
occurs and hydrogen might diffuse into the base metal
electrodeposition (electropl&ting)

Hydrogen embrittlement causes a loss in ductility, a los
in load carrying ability, microscopic cracking, and
eventually catastrophic brittle failures. Additionally,
some other effects include ease of crack initiation and
propagation, and development of hydrogen induced . T J
damage (i.e. blisters and voids). IR

Case Study

A fractured wire rope from a crane in a wood yard with
FigurPh8tographs show the fractur

approximately 100 days of service was received at our thermseived condition.

facility for examination (Figure 3). Most of the fracture ) _
over much of the wire surface of the wire strands.

Some of the wires also presented a shear lip and cup
like appearance, which is characteristic of overload.

surfaces of the wires were relatively flat, as shown in
Figure 4. Additional mechanical damage, such as flat
spots and intetwire nicking, was observed on the
surface of the wires of the rope (Figure 4). Metallic ~ Material Properties

deposits were observed at mechanically deformed areag,q \vire rope consisted of several outer bundles

on the surface of several wires. The deposits had a surrounding a smaller wire bundle as the core. The

copper color and were shiny in appearance. Other chemistry of the outer bundles of the rope were

deposits had a darker appearance. Black deposits Werg aiched 1059 carbon steel, while the inner bundle
observed that were most likely lubrication residues.

Orangecolored deposits (i.e. rust) was also observed (Continudd on p
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magnification using a scanning electron microscope

( SEM) . I ntergranul ar fract.
appearance) were observed on approximately half of the
fracture surface of one wire (Figure 5). Mixed mode
fracture features (intergranular and micvoid
coalescence) were also observed at approximately the
center of the wire. Such features (i.e. intergranular
fracture) are not typical in wire rope steel. Another

wire exhibited intergranular fracture features on
approximately 25% of the fracture surface of the wire.
Mechanical damage, most likely int@re nicking, was
observed at the origin area.

Metallographic Examination
show the damage observed on

FigurPhdtographs
surface of the wire r|@fdtudinal cross sections of several wires were

t he
strands of the rope was made of 1064 steel. The prepared for metallographic examination using standard
average bulk hardness of both wire rope bundiess laboratory procedures. The prepared sections were
approximately 45 HRC. examined using a metallurgical microscope. The

examination included evaluation of the failure features,
Fractography bulk microstructure of the wires, and any anomalies.
The fracture surfaces of several wires were cleaned
using a mild detergent to remove any deposits. The

cleaned fracture surfaces were examined at higher

About 30% of one of the fracture surfaces was relatively
flat and blocky (Figure 6, left image), a feature usually
found in

brittle
fractures.
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P LD S 7N which was
. the
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coating of
the wire.

Figur8cadnning electron microscope (SEM) images show the fractur
embrittled wires. The fracture surface had a firock candyo
feature observed in hydrogen embrittlement f aiclowtesSu&d on p



analysis of the fracture surfaces of

the wire rope found intergranular
fracture features |
bl ockd), which are
observed in hydrogen

embrittlement failures.

Avoiding Hydrogen
Embrittlement

There are several steps that can
be taken to avoid hydrogen
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strand that failed due to overl oad (E Ni tal
hydrochloric aC|d (HCI) after
Another wire cross section was examined cleaning, or by performing a proper electrodeposition
metallographically. The wire showed grain elongation, PrOcess. There are several variables, such as current,
which is typically observed at the overload area (i.e. lasf0t2ge, solution, and exposure time that might need to
area to fracture) and would be considered a more be adjusted before finding the optimal variables.
common mechanism of wire rope failures (Figure 6,  Test Methods for Detecting HE
right image). .
g ge) Using test methods such as .
Case Study Summary Method for Determination of the Susceptibility of
The wire rope failed due to hydrogen embrittlement. InfMe t al I i c Materials to Hydro:

can determine if the material is damaged due to HE. A
sample can also be cryogenically overloaded and
fracture the suspected specimen, and examine the
fracture surface under an SEM for the typical
fractographical features. An easier way of determining if
the wire rope is embrittled is to perform a bend test. If
the wire bends and fractures at angles less than 45°,
then there is the possibility that the wire rope is
embrittled. Further testing would be recommended at
this stage to verify the damage mechanism.

order for hydrogen embrittlement to occur, there had
to be a hydrogen source, a susceptible material, and a
stress. The hydrogen source was most likely from
manufacturing during the cleaning and/or galvanization
process and no baking after electrodeposition.
Improper cleaning before the electrodeposition process
could leave hydrochloric acid (HCI) residues.
Electrodeposition would accelerate the hydrogen
diffusion into the base metal. Furthermore, the
electrodeposition process itself, if not performed
properly, can also cause hydrogen embrittlement. The! An Atlas of Metal Damage; Engel, Lothar; Klingele, Hermann; pg.
hydrogen would dissociate from the solution and dn‘fuset22 Figure 165; 1951,

mbrittlement- https://www.fastenal.com/en/71/embrittlement
into the base metal during the electrodeposition of the

zinc layer. Since this is a high strength steel with a Contact the Author:
hardness of approximately 45 HRC, and a martensitic )

microstructure, this material would be susceptible to Oscar Quintero
hydrogen embrittlement. The stress source would be Senior Engineer

the typical loading conditions of the wire rope during (512) 407-3762

operation (i.e. tensile stress/load). Fractographic Oscar_Quintero@mmengineering.com
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The IWC presents the latest in scientific advances and practgal
applications in this field, cutting across a wide range of indugt

tries, technologies and functional areas.

David Daniels, Senior Principal Scientist with M&M
Engineering will be in attendance at the conference, as well gs
teaching a technical workshop following the conference on
Monday, November 16fih CHEMISTRY CONSIDERATIONS
FOR INDUSTRIAL AND POWER STEAM TURBINE$he
Crystal Room.

Preventing Failures i n Steam en

M&M Engineering Associates, Inc. presents
5th Annual (Spring Edition)

Februafiy, 18016

Leander, Texas
(see next page for detail s)
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