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Abstract

Processes such as electroplating or acid cleaning are notorious causes of post-processing failure through hydrogen embrittlement. So, the
determination of amounts of hydrogen in metals is of great importance. An analysis method for investigation of H content in solids has been
established based on hot extraction and gas chromatography system. Hot extraction in inert gas enables complete and/or partial removal of the
hydrogen from the samples. A gas chromatography system is used to determine quantitatively the amount of thermally desorbed hydrogen.
An investigation of the baking operating conditions is made of the hydrogen desorption rate of zinc-plated steel parts. Then, an analysis of
the polarisation conditions upon chromium electroplating is given.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction has undergone extensive development in the last 30 years,
and several review articles of this subject have published
Hydrogen can be introduced into metals during the making [5,6]. Numerous techniques have been used to investigate
process, fabrication or servifg 2]. Thus, surface treatments the amount of hydrogen. Conventional techniques (hot ex-
in aqueous solutions can generate hydrogen at the surfaceraction, vacuum fusion, inert gas fusion, thermal desorp-
of the parts. Electroplating processes generally have a cur-tion spectroscopy) with resulting gas mixture analysed with
rent efficiency of less than 100% and a proportion of the optical spectrograph or mass spectrometer, are in competi-
current passed during electrodeposition results in the genertion with differential scanning calorimetry, electrochemical
ation of hydrogen. In addition, these can include such pro- and NMR method$7-14]. The authors have chosen to de-
cesses as acid cleaning or cathodic degreasing. Most of thevelop a gas-carrier method that may be used in routine anal-
hydrogen atoms thus formed quickly combine to form di- ysis. The method advanced here has been inspired by that of
atomic gaseous hydrogen but a portion of it enters the metalBrulé et al.[15] for the determination of hydrogen content in
and remains as individual atoms “in solutiof8]. If suf- steels.
ficient hydrogen is absorbed in these processes, it leads to The aim of this study was to develop an analytical proce-
hydrogen embrittlement with consequent damage, especiallydure to determination of hydrogen thermally desorbed from
when high strength steels are electropldtddSo, the deter-  metals. This work fell in two stages. In a first step, we pre-
mination of hydrogen occluded in metals is of prime im- sented the outline of the apparatus: hot extraction coupled
portance to the safe use of the materials and the controlwith gas chromatography analysis. Then, we applied with
of the processes presented major challenges to the electrotechnique to determine the thermal desorption kinetics of hy-
platers. Thus, the extraction of hydrogen occluded in metals drogen occluded in electroplated parts (zinc- and chromium-
plated steels specimens).
* Corresponding author. Tel.: +33 3 81662030; fax: +33 3 8166 2033. In this paper, we present results for the detection of hydro-
E-mail addresspatrice.bercot@univ-fcomte. fr (P. Bex. gen desorption from electroplating parts. The measurements
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were accomplished in a new experimental system composedrable1
of a gas chromatograph connected to a thermal desorptionf!ating conditions

system. J(Adm™?)  Te(ms) Ja(Adm=?) Ta(ms) H (ppm)
DC 40 - - - 12
RPC 48 13,000 48 40 21
2. Experimental
T. T
“1—><—> Reversal pulsed

2.1. Sample preparation Je

current

To carry out this investigation, we used two different types
of samples: chromium-coated and zinc-coated steel parts.

\4

(i) Samples were of low-alloyed steel (type 38Cr4; 0.37%

C,0.18% Si, 0.81% Mn, 0.018% P, 0.007% S and 1.00% , L _

. . . . . ig. 1. Reversal pulsed wavé: cathodic time pulse lengthl; cathodic
Cr) in the form of discs (chromium plating) or cylin-  ,ise current densityTa: reverse on time or anodic pulse length ahd
ders (zinc plating). Electroplating was performed on the anodic pulse current density.
steel surfaces after pre-treatments included hot alkaline
soak cleaning, electrolytic cleaning and acid pickling. 2.2. Analysis apparatus and procedures
Because of considerable amount of hydrogen might be
introduced during surface preparation, baking toremove A gas chromatography system was developed for determi-
it followed these operations. Prior electroplating, acid nation of hydrogen contentin solids, thermally desorbed. The
dip to re-activate the surface was necessary, with an im- hydrogen desorption kinetic was measured using a Perkin-
mersion time minimised (30 ). Elmer Autosystem XL gas chromatograph which is shown

(i) Zinc and chromium platings were performed in the fol- schematically inFigs. 2 and 3 The chromatograph was

lowing solutions: equipped with a 2 nx 1/8in. (1in.=2.54 cm) stainless steel

(a) Zinc plating was carried out on cylinders 6 mm di- column packed with molecular sieve (80-100 mesh, SAE 30
ameter and 15mm long in the low-cyanide elec- phase), a rotary multiway valve for change flow paths and a
trolyte containing 25 g t! NaCN, 80g -1 NaOH thermal conductivity detection (TCD) system. This column
and 12.5gL! Zn. The electrolyte was similar to  kind is necessary to have better resolution in analysis, be-
that used commercially, except that no brighten- cause it was used since long time for the analysis of gas in
ers were added. The plating lab barrel was an air. The TCD used, gives better precision and the repeata-
110 mmx 60 mm horizontal cylinder with 1-mfn bility is ensured by the number of the tests to carry out.
holes. It was equipped with a flexible dangler con- The pressure was equal to 1.2 bars and the furnace temper-
tact to carry the currenfe 1 A dm~2). Its rotational ature was 65C. The carrier gas (argon U) flow rate was
speed was kept constant at 8 rpm. High-grade zinc 7 mL/min. The temperature of the detector block (TDC) was
anodes were used. The thickness of the deposit was100°C.
equal to 1Qum for all experiments. In an external cell, the samples were heated under in-

(b) Chromium coatings were obtained on discs (13mm ert gas from room temperature to the wanted temperature
diameter and 3 mm thick) in a lab rack plating plant
from a hexavalent chromic acid electrolyte corre-
sponded to the one of most commonly used in in- w
dustry. It was composed of 250 gt of chromium e ST—
trioxide and 3gL! of sulphuric acid. Thermal E—
regulation was necessary to keep the temperature
of the plating solution constant at 500.5°C.
Sh7-Pb93 alloy sheets were used as anode for
electrolysis.

Tests were carried outto investigate the influence of the po-

larisation[16—18] Two types of polarisations were studied:
(DC) direct current polarisatior) € 40 A dnm2) and (RPC)
reversal pulsed current polarisatidrable J). The pulse plat-
ing parameters were being illustratedrig. L The quantity

of charge used for electrolysis was fixed for all the experi- Fig. 2. Experimental setup for gas chromatography measurements (injection
ments at 144« 10°Asdm 2. position).
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Fig. 4. Typical chart record.

Fig. 3. Experimental setup for gas chromatography measurements (standby, . .
position). 3. Results and discussion

3.1. Calibration of the system

with a variable heating rate using a furnace. Silica was used _
as the material cell in consideration of the permeability of !N order to determine the absolute value of desorbed hy-

hydrogen and for its resistance to hot temperatures, despitéir09€n, it was necessary to accomplish a proper calibration
its brittleness. The size of the cell (volume 175mL, diam- of the system, i.e. to obtain relationship between the volumes

eter 3cm) was such that industrial small parts can be con-©f hydrogen released from the samples and the area of the
tained. The furnace temperature (Gero Hochtemperaturofen,P€aK. A calibration with U-hydrogen gas (99.995% purity)

Neuhausen, Germany) was measured accurately and kepfV@S used. Hydrogen gas samples, ranging in volume from 50
constant. to 5000p.L, were injected using definite calibration loops.

The results of this calibration can be seerfig. 5.

2.3. Procedure 3.2. Influence of the extraction temperature

(1) Calibration When hydrogen embrittlement is thought to be a risk a
In order to obtain relationship between the volumes de-embrittlement treatment may be required. Following zinc
of hydrogen released from the samples and the areaplating, for example, steels are baked for 8 h at a temperature
of the peak, measurements were repeated by usjng H in the range 190-23CC.
gas with four different volumes of calibration loops Fig. 6 shows the experimental results of a 2@bak-
(Figs. 2 and B Atfirst, cell, loop and columnwere purged  ing analysis for a zinc-coated steel. The curve was an av-
with Ar carrier gas in injection position. Then, volume erage of three runs. Starting from zero time, the observed
of hydrogen gas was filled loop in standby position, and curve showed a time lag, at the start, owing mainly to the
finally, this amount of hydrogen was detected in injection time required for the specimens to attain the temperature
position.

(2) Sample measurements 55000

For each measurement, the sample studied was putinto  so000
the cell in which the air was displaced by argon gas and = 4s000
the H gas stream was off (injection position). Aftera 5 4000
predetermined time, the sample was heated at an ele- £ 5,
vated constant temperature (standby position). The re- E 30000
leased diffusible hydrogen was injected with the carrier & 25000
gas from the cell to the analytical section and assayed §£
L o 5 20000
(injection position). The hydrogen was detected by the 2

. < 15000
gas chromatograph of the TCD system and an integra- £
tor determined the amount of hydrogen in the carrier 10000
gas Fig. 4). The same retention time (4 min) for hy- 5000
drogen calibration and hydrogen providing of sample, 0 1000 2000 3000 4000 5000 6000

prove that hydrogen detected i Iholecular. The hy-
drogen content can be calculated from a calibration curve
(Fig. 5. Fig. 5. Calibration curve.

Volume of the calibration loops ul
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Fig. 8. Typical chart record: for direct current polarisation (DC) and reversal

) ) . ) pulsed current polarisation (RPC).
Fig. 6. Typical concentration of hydrogen evolution curve.

of the furnace. The volume of Hincreased gradually af-  P€low 135-150C. Hydrogen evolution first became evident
ter this time lag and finally became stationaWhky). Vimax above this tempgrat_ure. With rinsing t.e'mperature, the rate of
represented the maximum volume of hydrogen thermally ex- hydrogen evolution mcrea;ed. In ad.d.mon for chromlum: the
tracted from the specimens at the considered temperature.resuns §howthatthe operatmg_ conditions ofelectroly5|s_ have
Fig. 7 showed the hydrogen evolution at various constant & 9réatinfluence on the quantity of hydrogen occluded in the
temperatures for zinc-coated steels from the cyanide bathdepOSItS kig. §).

under identical conditions. At 20, the hydrogen content

increased only slowly with time. By raising the extragtlon 4. Conclusion

temperature, the hydrogen evolved changed more rapidly, so

that at 350 C the hydrogen evolution has came to an end after
15 min, while at 300C it took 50 min for all the hydrogen

to be given off the sample. At an extraction temperature of
220°C, the hydrogen evolution was still not complete after
150 min. In spite of the great difference in the quantity of
the evolved hydrogen caused by the difference in tempera-

Even if numerous techniques can be used to determine
hydrogen in metals (e.g., vacuum techniques, electrochemi-
cal techniques), the carrier-gas methods of collecting hydro-
gen is adapted to both fusion and hot extraction. The tech-
nique developed by the authors involves heating the samples
) A to between 50 and 100C (temperatures far lower than the
ture, the general tr_end of gas evolution was quite similar. As fusion temperature of steel) and passing the gas into a gas-
may be seen frorfig. 7, there was no evolution of hydrogen .. matograph column. The advantage of this method is the
ease with which the kinetics of hydrogen evolution as a func-
tion of temperature can be followed and the quite sensibility

e p—— A X— X of the detection of hydrogen by thermal conductivity, making
X it possible to detect 0.1 ppm of hydrogen. The simplicity and
/ —x—350°C the non-destructiveness of the method permit the use of this
apparatus in routine analysis.

The future study will include an investigation of the
amount of non-occludable hydrogen as a function of the met-
allurgical microstructures of the parts and of operating plating
conditions, some explanations about the desorption mecha-
nisms, a contribution to the improved metals susceptibility to
store hydrogen and the influence of metallurgical variables
(composition, microstructures).
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