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Abstract  
The aim of the present research work is to study the influence of hard chrome 
covered skin pass cold rolling rolls using 2D/3D surface topography, i.e. roughness 
characterization. The common stochastic structure Shot Blast Texturing (SBT) does 
not meet all requirements related to the production line regards to the finished 
product. The Hard Chrome layer, applied on these SBT rolls, can improve the sheet 
surface quality and is of fundamental interest mainly for those steel mills that do not 
have another alternative to new surface structures such as those that may be 
provided by the EDT, LT, EBT, etc. methods. The function of the generated surfaces, 
obtained by these different methods is going to influence the tribological properties 
during the subsequent forming processes. On the other hand, they can increase the 
product final cost or require large investments to obtain such surfaces. The results 
here presented are in accordance with other recently published research work, 
showing that there is a relationship between these parameters, and that further 
detailed studies are needed. 
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1 INTRODUCTION 
 
Freshly groundwork rolls for temper rolling mills generally undergo two additional 
preparation processes before each mill campaign: 
1) A surface texturing process, in order to apply the required roughness. The most 
widely used technique is Electrical Discharge Texturing (EDT). However, for some 
companies the texturing used is via Shot Blasting (SB), mainly due to the associated 
lower cost. 
2) Hard chrome plating process, in order to enhance the wear resistance of the 
textured roll surface, is used to prevent from frequent work roll changes due to 
premature roughness loss. 
This paper discusses the fundamentals of the Hard Chrome Plating (HCP) 
technology as well as several developments on an industrial application scale of HCP 
for Temper Mill work rolls [1]. 
Studies of the effect of temper mill variables such as, Work Roll Uncoated (WRU) 
and Work Roll Coated (WRC), i.e. (WRC = WRU + HCP), surface topography 
(characterized by 2D and 3D) roughness parameters has the objective of improving 
the quality of strip and increasing the productivity of mill.  
In these trials, the HPC variants performed are related to roughness retention, in 
other words, an improvement of the value-in-use of a work roll that implies a superior 
wear resistance of WRC in relation to the WRU. 
 
2 LITERATURE REVIEW 
 
2.1 Principle of Hard Chrome Plating (HCP) 
 
Hard chrome plating is an electroplating process in which chromium is deposited in a 
chromic acid solution, see Figure 1. The chemical reactions in a chrome plating 
system are not quite simple. Besides oxygen and hydrogen evolution, a positively 
charged chromium complex is reduced to chromium metal at the cathode surface; 
some Cr (VI) is also partially reduced to Cr (III) at the cathode surface [2]. The 
Hexavalent Chromium is a heavy metal and therefore proper care about technical 
and environmental aspects should be taken during handling and application of the 
chrome layer [2]. 
 

 
Figure 1: Schematic diagram of the HCP process [2] 
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2.2 Parameters of HCP on work rolls 
 
It is essential that the micro-cracked and porous coatings over work rolls has a 
minimum thickness between 80-120µm in order to confer adequate corrosion 
resistance. Micro-cracked chromium has a Vickers hardness of 800-1000 kg/mm2, 
while crack-free chromium has a Vickers hardness between 425-700 kg/mm2. The 
formation of micro-porous chromium is achieved by a specialized plating method 
involving the use of inert suspended particles. Porous chrome plating is developed by 
etching the electrodeposited chromium. These are designed to retain lubricant and 
consequently lower coefficient of friction during the rolling process [2]. 
Chrome plating has been used for wear control with focus on tribological (low friction) 
characteristics, and to produce via electroplating a thin layer of metallic chrome onto 
the work roll barrel [2]. The chrome lowers the coefficient of friction in the roll bite, 
and micro cracks in the chrome layer can improve the roll bite lubrication and, hence, 
reduce roll force, consequently lowering power consumption and allowing larger 
reductions. In addition, the protective layer provided by the chrome plating and the 
improved lubrication reduces the creation of iron fines, therefore improving 
cleanliness in the strip cold mill [3]. 
 
2.3 Characterization of WCR Surface 
 
The HCP has been used in operation to obtain a specific surface finish in steel sheet 
stampings with the purpose to improve the material´s stampability. 
This characteristic allows the plating to be utilized for a long time to withstand both 
wear and creating oil pockets. Figure 2 below, shows a smooth surface of hard 
chrome plating which limits oil penetrating ability into the plate to help lubricate the 
surface. Comparing the surface of the substrate to the surface of the plating, it shows 
the plating tends to mimic the surface of the substrate. 
 

 
Figure 2: SEM micrographs HCP coating cross-section: (A) double plating on polished substrate and 
(B) flash plating on grit-blasted surface [4]. 
 

As shown by Giovanni et al. [4], the addition of microcracks into the surface will add 
both benefits and weaknesses related to oil retention and other characteristics of the 
plating. Microcracks can be formed during the deposition process. With the 
microcracks, the coating will be much harder, increasing the wear resistance 
however, corrosion resistance and fatigue life will be reduced. The microcracks will 
allow oil to penetrate the surface increasing the lubrication to extend life of the 
coating and of the work roll. However, without these microcracks, coating life will be 
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limited because it will be a softer coating with increased wear rates and less oil can 
be retained to aid lubrication and ultimately extending roll life [5]. 
 
2.4 3D surface analysis 
 
The roughness characterization of technical surfaces based on 2D description is not 
quite satisfactory for many industrial applications. Therefore, with rapid development 
with new measuring methods based on powerful computer generation techniques, 
the introduction of 3D surface parameters into research and industry is taking place 
[6]. 
 

  
Fig. 3a - Definition of 3D-surface parameters [6] and Fig. 3b – Material ratio, as well as the open and 
closed void ratio using the example of the lubricant crater of a Lasertex surface and definition of 
vertical parameters according to [7]. 
 
As shown in Figure 3a/3b, the relative amount of solid contact corresponds to the 
material area ratio. The 3D surface parameters for the static and dynamic lubricant 
pockets are the closed void area ratio and the open void area ratio [6]. The material 
area ratio has already been introduced by Stout [7] as a useful tool for comparative 
analysis of surfaces, based upon a three-dimensional measurement of the surface. 
 
2.5 Parameters for lubrication performance evaluation of a 3D plateau 
structured surface 
 
These are 3D parameters expanded from the roughness (2D) parameters for 
lubrication performance evaluation of a plateau-structured surface (Rk, Rpk, Rvk, 
Mr1, Mr2). This is shown in Figures 4a and 4b: 
 

 
Fig.4a: Height characterization using the liner material ratio curve [3] and Fig.4b Height parameters 
(peaks/valleys) [3]. 
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Parameters related to the volume of the void portion and the material portion are 
defined as shown in the Figure 5. Thus, 10% and 80% are default values of the 
heights for the boundaries among the valley section, core section, and peak section. 
These parameters are defined below: 

 Vvv: The void volume of the valley section, as calculated from the material 
ratio curve; 

 Vvc: The void volume of the core section, as calculated from the material ratio 
curve; 

 Vmp: The material volume of the peak section, as calculated from the material 
ratio curve; 

 Vmc: The material volume of the core section, as calculated from the material 
ratio curve. 

 

 
Figure 5 - Void Volume and Material Volume [3]. 

 

2.6 Temper Mill Reduction 
 
After the roll texturing process has been finished, the roll-surface structure has to be 
transferred to the sheet metal. This process is obtained through the Temper Mill 
(TM). Previous studies have been performed on the transfer characteristics of the 
different work roll surfaces onto the sheet metal in terms of TM reductions [8]. 
Practical data obtained from steel mills have shown a threefold increase in roll life 
(measured via decrease in Ra values) of the texturized Cr-plated rolls [9]. 
Furthermore, Simão and Aspinwaal, have shown that roll performance is a function of 
roll roughness, see Figure 6 [10]. It may be observed that as the roll roughness 
decreases the gain in roll life, associated to the chromium plated versus plain temper, 
also increases. This difference in roll life related to roll roughness has been 
associated with the breaking of the roll roughness peaks [10]. The authors could not 
find any information related to the simultaneous evolution of Ra values for both, i.e., 
the roll and the sheet metal. This research will try to analyze this aspect. 
 

 
Figure 6: Comparative performance of chromium plated and temper mill rolls [10]. 
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3 MATERIAL AND METHODS 
 
3.1 Replica Authentication 
 
The analysis of roughness over work rolls and on the sheet metal was made possible 
with the support of surface replicas. The resin Zhermack colorbite D [11] was used to 
produce the replicas. The capability to replicate the topography was evaluated 
initially in this work.  
A comparative method replica resin versus standard block to permit to evaluate the 
surface topography of temper work rolls, see Table I. The Sa roughness average in 
both situations, for the original standards of 6,0 �m and 0,86 �m , are compared in 
Table I. 

 
Table I – Results of measured parameters between on replica and on a standard 

 
 
From Table I, using the main roughness parameters, we obtain Table II with a high 
correlation coefficient, thus authenticating the replica procedure used in this project. 

 
Table II – Results coefficient of correlation 
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3.2 Replica Analysis 
 
The equipment to perform the replica analysis of the surface topography, using 
international 3D roughness parameters, is shown in Figure 7. 
 

 
Figure 7. Image of the rugosimeter 3D - Talysurf CCI [3] 

 

3.3 Evaluation: Roughness test retention in a Temper Mill 
 
Roughness retention of a WRC (425 mm) has been determined at the Temper Cold 
Mill [12]. Figure 8, shows the application of the replica during the sampling on the 
rolls and on the sheet. 
 

 
Figure 8: Application of replica on WRC/WRU and sheet at the Temper Mill [12] 

 

In these trials, evaluation has been performed over several work roll campaigns and 
on the sheet metal, simultaneously. Replicas were applied on work rolls and onto the 
sheet, in three campaign steps, namely: beginning (20km), middle (50 and 250km) 
and final (100 and 500km), respectively for WRC and WRU. These steps/positions 
were strategically defined in order to verify the wear out /evolution of roughness, both 
for the rolls and sheet. In Figure 9, illustrates the sampling schedule. 
 

 
Figure 9: Application of replica on WRC and on the sheet at the Temper Mill 
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About 30 coils were followed in these tests. The steel sheets were 1200 mm wide 
and 1.20 mm thick, and have been unidirectionally ( one way only)  rolled up in one 
pass. Rolling was performed in the wet condition using a solution of about 2% soluble 
oil, with a reduction of  1%. 
 
4 RESULTS AND DISCUSSION 
 
4.1 Roughness Retention Tests (on the rolls) 
 
Tests have been carried out in order to evaluate the roughness retention of the rolls 
and sheet surfaces. Figure 10 shows the variation of Sa values for the WRC system. 
 

 
Figure 10: variation of Sa roughness with WRC surfaces with rolling length compared to WRU, solid 
lines from [10], dotted lines (present research for rolls), traced lines (present research for sheet (SH), 
see Fig. 6). Ra values (2D) are taken as being similar to Sa values (3D). 
 

These results show that the roughness retention curves both from [10] and those 
from the present research show similar trend. Clearly, the WRC showed about five 
times higher performance than WRU, confirming the information given in [3]. 
 
4.2 Evolution of the Surface Topology (on the steel sheet) 
 
Figure 10 also shows the evolution of the steel sheet roughness for the same 
conditions, which is the novel aspect of the present research. Furthermore, the 3D-
surface topology of the WR before and after applying HPC may be observed in figure 
11. More details on 3D surface analysis may be obtained from [6] and [7]. 
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Figure 11: 3D roughness topology of the surface WRC/WRU and Abbot-Firestone curves 
 
The present results of this preliminary research show, despite not allowing a clear 
resolution related to the wear mechanisms that were predominant; it was possible to 
compare both WRU and WRC chromed roll surfaces. Taking into account that the 
tribological system that is being analysed (for pure slip and boundary lubrication 
conditions), the parameters that present the greatest influence can be summarized in 
Table III: 
 
Table III – Results of the surface topology (Figure 11) 

 
 
From Table III, the WRC surface parameters present a greater volume of “peaks”, 
above the material “core” and a smaller volume of “valleys” under the same material 
“core”, when compared to the WRU, as shown by the images of Figure 11. 
Evaluating the main parameters separately we have: 
a) Vmp: smaller wear of the WRC (at 500 km= 0.108 ml/m2) in relation to the WRU 
(at 100 km= 0.1202ml/m2), probably due to the smaller contact area and, hence, 
smaller gouging/squeezing of the peaks during the rolling tests. It confirms the five –
fold increase in the roll campaign of the WRU as compared to the WRC, as shown by 
Figures 6[10] and Figure 10[3].  
b) Vmc: reduction in the volume of the valleys in the WRC (at 500km), indicating that 
the Cr-layer contributes to the area sustaining the rolling load and, after a certain 
“milage”, the effect is over. This might be related to the loss/ wear out of the Cr layer 
during the campaign. For the WRU, the volume of “valleys” after 100km was nearly 
constant, as shown by Figure 5[3].  

Parameter

‐ 20km 50 km 100 km Std. Dev. Variation 20 km 250 km 500 km Std. Dev. Variation

Vmp 0,1623 0,1386 0,1202 0,021 ‐0,04 0,2455 0,057 0,108 0,098 ‐0,14

Vmc 2,053 2,166 2,44 0,199 0,39 2,628 1,146 0,6863 1,015 ‐1,94

Vvc 2,939 3,106 3,636 0,364 0,70 5,227 1,52 1,42 2,170 ‐3,81

Vvv 0,2414 0,2302 0,2223 0,010 ‐0,02 0,1988 0,1476 0,089 0,055 ‐0,11

WRU (ml/m
2
) WRC (ml/m

2
)
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c) Vvv: For both WRC and WRU there was a reduction in the void volume. This may 
be related to the decrease in the amount of lubricant retention. However, the WRC 
presented a five –fold improvement when compared to the WRU, therefore 
confirming the Cr-layer in increasing this parameter, as shown in Figure 5 [3].  
 
5 CONCLUSION 
 
Based upon the present preliminary research work the following can be concluded: 
1) The surface replica technique/methodology is reliable. 
2) There is a Sa significant drop in the Sa values for the in the rolls and for the sheet 
when comparing WRU in relation to the WRC. Therefore, the WRU rolls showed 
lower roughness retention as compared to the WRC. 
3) Explanations could be given through the Vmp, Vmc and Vvv parameters (not 
excluding eventual other 3D surface parameters).  It is important to point out the 
methodology for monitoring simultaneously the evolution of roughness/surface 
texture of both work rolls and sheet roughness. 
4) There is clearly an increase in roll campaign - of about five times, although 
technical and environmental care should be taken during the application of the hard 
chrome layer. 
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