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ABSTRACT

This paper focused the overview of hydrogen enbbnitht in fasteners. Embrittlement is a phenomermt t
causes loss of ductility in a material, thus makiingrittle. There are two types of hydrogen enitaihent; firstly the
environmental type when it is hydrogen assisteldifaidue to the supply of hydrogen from the envinent, i.e. through
corrosion. The second is hydrogen embrittlementiaidue to the processes during manufacture. GHyén the bolt,
fracture is occurred where stress is lesser as amapto yield stress. Embrittlement is occurred rerhthere was
no evidence of mechanical deformation. In mostasfes hydrogen embrittlement causes fastenersdsiinrigh hardness
and high strength fasteners that are electropldieel .hydrogen embrittlemnt failures observes asttiebbreak The bolts,
which microstructure was typically that of hardersadl tempered steel, had been zinc electroplatédt & well known
that hydrogen release concurs with zinc deposifiboreover, the diffusion and accumulation of thetogen in metals is

favoured by cold working, as is the case of thedlheashank transition region.
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INTRODUCTION

Hydrogen embrittlement of fasteners is a majordiagt the choice of material or coating for sucimpmnents.
Hydrogen embrittlement may be a serious concerin gh strength fasteners made of carbon and atksis for which is
can be caused by the absorption of atomic hydrdgem the fastener's surface during manufacture maessing.
The introduction of atomic hydrogen is particulgplyssible during acid pickling and alkaline cleanprior to plating, and

then during actual electroplating.

The metallic coating subsequently plated on théefes entraps atomic hydrogen in the base metalifati
hydrogen is not relieved by a post-baking operatlon hydrogen atoms may migrate towards pointsigifidst stress
concentration when load or stress is applied. Graghl promulgate through the component surfaceakeaing the

component due to the loss of cross-section areafdilure is usually completed by a ductile fraetur

The susceptibility of any material to hydrogen eitlernent in a given test is directly related te tharacteristics
of its trap population related to the material m&tructure, dislocations, carbides and other elésnpresent in the
structure. The greater the hydrogen concentratienoimes, the lower the critical stress, or lower therogen
concentration, the higher the critical stress atctvfailure may occur. Products having Vickers Imass exceeding
HV 320 require special care to reduce the riskhigs phenomenon during the plating process or cogtiocedures.
Some experts feel that hardness exceeding HV 39 tisreshold beyond which further steps to managgrogen

embrittlement risk are required.
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A stress relieving anneal should be considereddsteners which have been work hardened duringcttion
and are to be electroplated. Instances have beented of fasteners failing by hydrogen embrittl@trefter many years in
service with the cracks associated with corrodedaith roots, providing thus an indication of thesrof corrosion as a

possible source of the hydrogen necessary to pehatrogen embrittlement

Hydrogen embrittlement is a time consumed procdsshwesults in drastically decrease in toughnéssotid
metal due to presence of atomic hydrogen. Hydragmbrittiement is a well-known phenomenon in whicimatal is

weakened by the incorporation of hydrogen in opwslts surface, e.g. during plating or etching.

Hydrogen diffuses easily into the metal crystallsteucture either as atoms or protons. Non-metailitusions
such as sulphides, as well as phosphorus, favainoggn desorption, acting as catalysts. Hydrogeloritiement can be
classified into two types firstly the environmentgbe when it is hydrogen assisted failure duehgupply of hydrogen
from the environment like corrosion. The secondhiglrogen embrittlement failure due to the procesdesng
manufacturing operation. We shall be addressingdgeh embrittlement, as applicable to fasteners thedcoating
industries. Zinc electroplated steel fastenersvadely used for assembling threaded joints, sinoe i anodic to steel
and offers both good protection to atmosphericagion and good appearance, even when appliedrrilims in order to

obey the dimensional tolerances imposed to fastener
What is Hydrogen Embrittlement

Hydrogen embrittlement is also known as hydrogetuded cracking or hydrogen attack. In the univehse
smallest atom is hydrogen and it is most abundamb. hydrogen atoms combine to form a molecule Hilvis a stable
state. For hydrogen to do damage to steel, it rbesh the atomic form and usually recently prodyceadled nascent
hydrogen. As the atom is so small, it can entersthecture of steel. Hydrogen can be introducednduhneat treatment,
pickling, cleaning, electroplating phosphating &mthe service environment as a result of cathpditection reactions or
corrosion reactions. Hydrogen can also be introdwh&ing fabrication, for example during roll fomgj, machining and

drilling due to the breakdown of unsuitable lubritsaas well as during welding or brazing operations
How Hydrogen Gets in

Hydrogen embrittlement can be described as absormif hydrogen ions, which will later combine torrfo
hydrogen molecules, trapped within grain boundapesmoting enhanced de-cohesion of the steel, pilynas an
intergranular phenomenon. It is generally agreed ktiydrogen, in atomic form, will enter and diffudgough a metal
surface whether at elevated temperatures. Oncelszsalissolved hydrogen may be present eithetomsi@aor molecular
hydrogen or in combined molecular form (e.g., me#)aSince these molecules are too large to diffiusrigh the metal,
pressure builds at crystallographic defects likdodiations and vacancies or discontinuities likesoinclusion/matrix

interfaces causing minute cracks to form.
How Hydrogen Gets Out?

Hydrogen absorption need not be a permanent conditi cracking does not occur and the environnlenta
conditions are changed so that no hydrogen is g&ton the surface of the metal, the hydrogerreatiffuse out of the

steel, and ductility is restored.
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Performing an embrittlement relief, or hydrogen dalut cycle (the term “bake-out” involves both dsffon
within the metal and outgassing) is a powerful radtin eliminating hydrogen before damage can ocgame of the key

variables include temperature, time at temperaamd,concentration gradient (atom movement).

For example, electroplating provides a source dfibgen during the cleaning and pickling cycles, yfar the
most significant source is cathodic inefficiencysitnple hydrogen bake out cycle can be performe@dace the risk of

hydrogen damage.

Common Characteristics & Type of Hydrogen Embrittlement Failure
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Figure 1: Typical Fastener Failure by Hydrogen Embittlement
+ Fasteners must be core hardened to at least RAdR@2|
* The parts must have come into contact with acgbate point in their processing.
» The failures must occur some time after instaltatissually between one and twenty four hours.

» Parts must have a nonporous finish (usually elptdted). The most common finish associated withrbgen

embrittlement failures in screws and bolts is etguated zinc.
e The parts must be under stress when failure occurs.

« If any of these factors are not present, the chmpt¢he failure being confirmed as hydrogen ertibritent are

unlikely.

* Unhardened fasteners or those of Grade 5 or Psofg&ess 8.8 or lower do NOT fail due to hydrogen

embrittlement. Fasteners with phosphate and oN@d fail due to hydrogen embrittiement.

» Parts that are cleaned by mechanical processesathgsif acid are highly unlikely to fail due to hgden

embrittlement. Failures that occur while partslzing installed are NOT due to hydrogen embrittleine
Factors That Influence Hydrogen Embrittlement on Pats
The severity and mode of the hydrogen damage depand
e Source of hydrogen—external (gaseous)/internas¢died).
» Exposure time.
e Temperature and pressure.
» Presence of solutions or solvents that may undsogte reaction with metals (e.g., acidic solutions).

» Type of alloy and its production method.
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«  Amount of discontinuities in the metal.
« Treatment of exposed surfaces (barrier layers, @xgle layers as hydrogen permeation barrier otalisje
» Final treatment of the metal surface (e.g., galvaitkel plating).
* Method of heat treatment. Level of residual andiefdpstresses.
Methods of Checking Hydrogen Embrittlement

When metals are subjected to pickling processespgtals are dissolved by the acids and hydroggerisrated.
The hydrogen is also generated during electrobjgigreasing, electrolytic pickling, and electrotiplg. This hydrogen is
occluded (absorbed) by the base metal, especiadlgl @lloys and makes the steel brittle. Parts whitldrogen
embrittlement can break after being subjected &lilngs. There are several methods to check hydregwrittlement

Here, we'll look delta method to see how much hgdroembrittlement there is on plated steel.
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Figure 2: Method of Checking Hydrogen Embrittlement

For the test specimen: material; SK5 (C0.85%), sh8mm x 100mm x 0.8mm thick, hardened at 850 dzrg.
tempered at 450 deg. C is used. The test is peefbriny placing the flat test specimen between ths jaf the vise,
and slowly closing the jaws at a constant speduktal the test specimen. If any hydrogen occlusiqurésent in the test
specimen, the hydrogen will migrate diffusively tmds the area of tensile stress concentrationttendpecimen becomes
brittle and likely to break in comparison to a spen with no hydrogen occlusion. As seen, the Déltaye method can
numerically establish the hydrogen embrittlemetésavith easy operations, excellent for factorpiftowhere the plating
processes take place.

Parts are Considered to be at Risk if They Have
» Atensile strength > 1050MPa, 1000N/mm2 or
* 65 tons/sq. in. (T class Imperial fasteners and/@po
* Ahardness > 320 v.p.n. (10.9 grade fasteners@regb
* Reduce any time in acid media to a minimum.
e Bake parts as soon as possible after
» Processing in an oven at temperatures between 19Gz2

» As susceptibility increases with higher strengthgtat temperature needs to increase to reduagsthe
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UsSUAL REQUIREMENTS TO LIMIT HYDROGEN EMBRITTLEMENT

Farts heat treatac or cold TENSILE STREMGTH OF PART
wiaikead 10 8 suface hardmzes of A23HV to aaoHW AGOHW and above
Fastanams proparty classes | 0.8, 10.0 12,0 and above
Frocoess Roquireamonis
Claan parts to iamove phasphate coativg Ad sy Mandatary
prior to hardenksg heat treatrmant
Use spaclal wel cleaning methods | Advisory Forbidden
Use abrasive claanng methods - Manclatory
Onyy allowsd amdsr
Hectopiats | Alowead gpecial circumstances
Vieary strangly adwised.
Use non-slectroplasad costings Actvised Manchat ory with Ao,
Manufactu rers,
Baking tmees (ol 180-210°C) 'rrala-:tmprandl 4-12 haurs 12-24 hours (o langern)

Mote: Phosphating zan cause brydrogan ambrittlement but it is generally coneidered that
this disappears f the compornents are not usad ior 48 hours ater procassing othaerwisa a
de-ambrittamant baking of a minimum o1 2 howre at 115°C 2 necommendad |

Figure 3: Requirements to Limit Hydrogen Embrittlement
Prevention of Hydrogen Embrittlement

Steps that can be taken to avoid hydrogen emnigtie include reducing hydrogen exposure and subdépt
baking after plating (mandatory and as soon astipedcand using test methods to determine if aemaitis suspect.
Other options that could help in avoiding hydrogembrittlement include the use of lower strengthelste
(not always viable), the avoidance of acid cleanthg utilization of low hydrogen plating techniguend the reduction of

residual and applied stress.

. The Coating Process — Preventative Actions to Reduce Risks.

Hydrogen
Process Details Embrittlement Risk Preventative Action
Degrease Solvent
Alkali soak

Electro clean Some Only use anodically

De-rust or De-scale Acid High Use inhibited short time
Alkaline de-rusts Low Poor at de-rusting
Abrasive clean None

Phosphate Acid process Medium Bake — reduces with time
Electro-plating Acid type Medium Bake

Alkaline type High Bake

Figure 4: Preventive Actions to Reduce Hydrogen Emiittlement

CONCLUSIONS

Hydrogen embrittlement remained as the only prabalsluse of the failure observed. Unlike stressosan
cracking and quenching cracks, cracks caused byobgd embrittlement usually do not branch neitherws oxidized
surfaces. Typical features of hydrogen embrittlelhwvegre observed on the fracture surfaces of bolts.bBolts had been

zinc electroplated, which is one way to introdugdrogen into metals, and baking treatment.
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