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ABSTRACT 
Low in vivo dissolution rate is a major setback in the use of pure iron (Fe) as a biodegradable metallic 
implant material. Many methods employed to overcome this major limitation modify microstructure, 
which in turn moderate dissolution kinetics. Crystallographic texture is one of such microstructural 
parameters. This work demonstrates a relationship between the texture strength of crystallographic 
planes and the in vitro dissolution rate of pure Fe in simulated body fluid (Hanks’ solution). Pure Fe 
samples were subjected to thermomechanical processing-cold rolling and recrystallization annealing. The 
developed crystallographic textures were characterized with X-ray diffractometer (XRD). The corrosion 
rates were determined in Hank’s solution using Potentiodynamic polarization test. The result indicated 
that the deformation textures which were predominantly {200}, reverted to different intensities of {110}, 
{200} and {211} after recrystallization annealing. (110), (200) and (211) textures had significant effects 
on the corrosion current density. Corrosion current increased as the texture strengths of (110) and (211) 
increased, but decreased as the texture strength of (200) increased. For enhanced dissolution rate, a 
processing technique that would lead to increase and decrease in texture strengths of (110) and (200) 
respectively in pure iron should be sought.  
 

Keywords: crystallographic texture, texture strength, biodegradable metal, dissolution rate, pure iron, Hank’s 
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1.0 INTRODUCTION 

Pure iron (>99.8% Fe) has attracted an 

extensive research effort since its first 

investigation as a  biodegradable metal 

(BM) for cardiovascular stent application in 

2001 [1]. However, a low in vivo 

dissolution rate was observed as a major 

setback for its potential use as a 

biodegradable stent material. This pioneer 

work recommended alloying or surface and 

structural modification as a valuable 

approach to overcoming this major 

limitation and achieving a faster 

degradation rate [1]. Thus, post 2001 

research efforts by the Fe-based BM 

community have targeted uniform 

accelerated degradation and enhanced 

mechanical properties, in addition to 

improved biocompatibility of pure iron 

using various methods.  

Some of the methods exploited so far 

include alloying [2, 3, 4, 5, 6], 

electroforming [7], equal channel angle 

pressure (ECAP) technique [8], composite 

preparation [9] and surface modification 

[10, 11, 12, 13], including the recently 

reported patterning of pure Fe surface with 

Platinum disc arrays [14]. All these 

techniques affect microstructure developed 

in pure Fe both in the bulk and on the 

surface. And the degradation behaviour is 

usually interpreted based on the alloy 

chemistry, without taking into 

consideration the microstructural 

parameters that drive/support the chemical 
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kinetics. The microstructural parameters 

affected include the crystallographic texture 

(preferred orientation of grains), grain size, 

grain shape and their distribution in the 

microstructure, which singly or collectively 

moderate the degradation kinetics of pure 

Fe. Research has shown that 
crystallographic texture affects the 
dissolution, corrosion or oxidation of 
metals [15, 16, 17, 18, 19, 20] as 
evidenced by the results of some authors 
who have investigated the effect of 
crystallographic textures of (111), (101) 
and (100) planes on corrosion behaviour 
of single and nano-crystalline Fe crystals 
in various non-biological media [21, 22, 
23, 24, 25, 26].  The general conclusions 
from these investigations on 
dissolution behaviour of Fe-based 
metals in various non-physiological 
media are that (111) plane has the 
highest atomic packing density, the 
highest dissolution rate and the most 
resistant against pitting corrosion while 
(100) plane has the lowest atomic 
packing density, the most corrosion 
resistant and less resistant against 
pitting corrosion. Among the authors who 

have studied the effect of texture on 

corrosion of pure Fe in Hank’s solution are 

Moravej, et al [27] and Obayi, et al [28], 

who investigated the effects of current 

density and cross rolling on the 

microstructure and texture development in 

electroformed Fe and cross rolled pure Fe, 

respectively. Moravej, et al found out that 

current density influenced the texture 

development in pure Fe and 

electrodeposited pure Fe with strong (111) 

texture showed a uniform corrosion higher 

than that of Armco® iron. On the other 

hand, the result of Obayi, et al, showed that 

there were only marginal differences in the 

degradation rates between pure Fe 

unidirectional rolled and cross-rolled to 

75% reduction after annealing. However, 
none of these studies indicated the 
correlation between dissolution 
behaviour and texture strength. 

In this context, there is the need to 

investigate the effect of other 

manufacturing methods on texture 

development and dissolution of pure Fe, 

particularly thermomechanical processing 

(plastic deformation and annealing) which 

is a stent manufacturing step. From this 

perspective, this investigation is aimed at 

demonstrating the relationship between the 

preferred crystallographic textures (planes) 

developed during the thermomechanical 

processing and in vitro corrosion behaviour 

of pure Fe in Hank’s solution. This 

investigation will add to the emerging 

knowledge on the effect of microstructure 

on degradation behaviour of BM and aid in 

further understanding of the mechanism of 

pure Fe degradation from microstructural 

point of view.  
 

2.0 EXPERIMENTAL DETAILS 

The pure iron used in this work was 

supplied by Good fellow Limited, 

Cambridge, United Kingdom. The pure 

iron was an Armco® soft ingot iron 

(>99.8% purity) in the form of 2 mm thick 

as-rolled sheets. Its chemical composition 

(wt. %) was determined in a previous work 

[29].  

Samples were cut from the 2 mm-thick 

pure iron sheets and undirectionally cold 

rolled to 50% (UD50%CR), 75% 

(UD75%CR) and 85% (UD85%CR) 

thickness reduction to achieve 1 mm, 0.5 

mm and 0.3 mm thicknesses, respectively. 

Rolling was done using a Stanat two-high 

rolling mill (Stanat, Rolling Mill; model 

TA-315), having 130 mm work rolls. The 

cold-rolled samples were recrystallization 

annealed in a tube furnace in the 

temperature range of 550°C - 900°C, under 

a high purity argon atmosphere using a 

heating rate of 6.5°C per minute. During 

recrystallization annealing, the specimens 

were soaked for two hours and air cooled.  

The average texture and preferred 

crystallographic orientation of the samples 

on rolling surface or normal direction (ND) 

were analyzed using Siemens D5000 X-ray 

diffractometer (Siemens AG, Germany).  
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The diffractometer was operated using Cu-

Kα radiation (λ = 0.15406 nm) at an 

accelerating voltage of 40 kV and a current 

of 30 mA. The scan rate was 0.05 °.s-1 in 

the range of 20-120° at a step size of 0.02°.  

The texture strength or fraction of grains in 

a specific orientation was determined by 

calculating the ratios of the peak intensities 

of the experimental material to the peak 

intensities of the reference material. Then 

the texture strength, hklP  of the three major 

orientations of grains on the rolling surface 

was calculated using the following 

equations (1-3) [30]:  
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where 110i , 200i ,
 211i  are the intensities of 

the (hkl) Bragg peak from the experimental 

material and 110I , 200I , 211I  are the 

intensities of the (hkl) reflection from the 

reference material listed in the Joint 

Committee on Powder Diffraction 

Standards  (JCPDS) card of body-centred 

cubic (bcc) iron   (JCPDS card 6-696). 

Potentiodynamic polarization test was used 

to assess the in vitro biodegradation 

behaviour of samples in a modified Hanks’ 

solution. The Potentiodynamic polarization 

test was performed using a conventional 

three-electrode cell (VersaSTAT3 

potentiostat/galvanostat system, Princeton 

Applied Research, USA). The specimen, a 

graphite electrode and a saturated calomel 

electrode (SCE) were set as the working 

electrode, auxiliary/counter electrode and 

reference electrode, respectively. The test 

coupons were cut, wet polished using SiC 

papers from 120 down to 4000 grit and 

subsequently cleaned with ethanol and 

dried in warm air. The area of the polished 

disc-shaped working electrode exposed to 

the test solution was 0.16 cm2.  The test 

solution was modified Hanks’ solution, 

which the ionic composition and 

concentration were presented in Ref [31]. 

All corrosion tests were performed in 650 

ml of stirred Hank’s solution having a pH 

of 7.4 and temperature thermostatically 

maintained at 37±1°C. The open circuit 

potential (OCP) measurement was 

maintained up to 3600 s. The 

Potentiodynamic polarization test was 

carried out in the potential range -1000 mV 

(vs. SCE) to -250 mV (vs. SCE) at a 

scanning rate of 0.166 mV.s-1. The 

corrosion rate (CR) was calculated using 

equation (4) based on ASTM G59 [32]. 

4............1027.3 .3



EWi
xCR corr  

where CR is the corrosion rate in millimetre 

per year (mm/yr), icorr is the corrosion 

current density (µA/cm2) deduced from 

Tafel curves, EW is the equivalent weight 

(27.92 g/eq for Fe) and ρ is the density 

(g/cm3). 

Statistical analysis was performed to 

determine the significant effects of the 

crystallographic texture on the dissolution 

rates of pure Fe samples using one-way 

analysis of variance (ANOVA) and 

significance level were considered at

05.0p  and P-values less than 0.05 

were considered to be statistically 

significant. 

 

3.0 RESULTS AND DISCUSSION 

3.1 Texture evolution 

The texture development after cold rolling 

and the accompanying changes after the 

process of recrystallization annealing are 

shown in Figures 1-4. Figure 1 shows the 

X-ray diffraction (XRD) patterns of the 

surface layers of the as-received and as-

rolled pure iron samples (UD50%CR, 

UD75%CR, UD85%CR). Figure 2 displays 
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the annealing diffractograms of some of the 

pure iron samples. The positions of the 

three predominant diffraction peaks {(110), 

(200) and (211)}in the XRD diffractograms 

remain constant indicating that the lattice 

parameters were unchanged and no new 

phases were formed in the samples. The 

calculated texture index corresponding to 

three predominant peaks in the 

diffractograms of Figures 1-2 are listed in 

Tables 1-2. The plots of the texture index 

of the pure iron samples in as-rolled and in 

annealed conditions are illustrated in Figure 

3 and Figure 4, respectively. The texture 

index is used to quantify the texture 

strength or is a measure of the extent or 

degree of preferred orientation of the 

grains.  

From the calculated texture strength, all the 

as-cold rolled pure Fe samples 

(UD50%CR, UD75%CR, UD85%CR) 

have a predominant cold rolling texture or 

preferred orientation of (200) as shown in 

Figure 3. This rolling texture evolution is in 

agreement with rolling texture evolution in 

body-centred cubic metals which 

predominantly consists of (100) planes 

oriented parallel to the plane of the sheet 

[33]. The as-rolled texture index of the 

(200) decreased with increase in the degree 

of cold rolling. It also increased with 

increase in annealing temperatures. The 

first rapid development of {200} textures in 

rolled samples with increasing deformation 

had been observed in cold rolling of iron 

and low carbon steel [34].  

The annealed samples were code-named 

according to the degree of cold rolling and 

heat treatment temperature as viz: 

UD50%CR-550, UD50%CR-900, 

UD75%CR-550, UD75%CR-900, 

UD85%CR-550 and UD85%CR-900, 

respectively. On heat treatment, the as-

rolled texture reverted to different 

intensities of {110}, {200} and {211}, 

depending on the amount of cold work and 

annealing temperatures (Figure 4). The 

preferred recrystallization textures of the 

annealed pure iron samples at 550οC 

(UD75%CR-550°C and UD85%CR-

550°C) were that of (110) and were slightly 

above that of the as-received. However, at 

900°C, the preferred orientation of 

(UD75%CR-900°C) sample reverted to 

(200) texture. The predominance of {110} 

texture at 550οC on recrystallization could 

be explained in terms of variation of stored 

energy of deformation which increases 

from {100} to {110} [35, 36]. {110} 

texture stores more energy leading to its 

retention at 550οC and its conversion to 

lower energy storing texture of {200} at 

higher temperature. This result is in 

agreement with the work of Schreiber and 

co-workers [15] where annealing of 

polycrystalline iron led to a change in the 

distribution of grain orientations in favour 

of (101) and (111) oriented grains, and less 

of (100) oriented grains. 

The preferred orientation of UD50%CR 

(200) persisted, its texture index decreased 

at 550οC and increased slightly at 900οC.  

 

 

 

 

 

               

 

 

 

 
             Figure 1: As-rolled diffractograms of the pure Fe samples. 
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          Figure 2: Annealing diffractograms of the pure Fe samples. 

 

Table 1: Calculated texture index and preferential orientations of the as-received and as-rolled pure 

Fe samples. 

 

Table 2: Calculated texture index and preferential orientations of the as-received and some of the 

annealed pure Fe samples. 

 

 

 Texture Index Preferential orientation 

Material code (110) (200) (211)  

As-received 1.1033 0.9239 0.8454 110 

UD50%CR     0.3369 6.1781 0.9798 200 

UD75%CR 0.3662 5.0260 1.4691 200 

UD85%CR 0.9503 2.6290 0.5379 200 

 Texture Index Preferential orientation 

Material code (110) (200) (211)  

As-received 1.1033 0.9239 0.8454 110 

UD50%CR-550 0.0202 9.2026 0.0321 200 

UD50%CR-900 0.0093 10.1633 0.0222 200 

UD75%CR-550 1.1434 0.9941 0.6896 110 

UD75%CR-900 1.0454 1.4621 0.7728 200 

UD85%CR-550 1.1341 0.7684 0.8593 110 

UD85%CR-900 1.1241 1.0405 0.7234 110 
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Figure 3: As-rolled texture index of the pure Fe 

samples. 

    

                         
Figure 4: Texture index of the as-received and some 

of the heat-treated pure iron samples. 

 

3.2  Corrosion behaviour. 

Figure 5 shows Potentiodynamic 

polarization curves of the as-received and 

some of the annealed pure Fe samples, 

obtained during Potentiodynamic 

polarization corrosion test. The anodic and 

cathodic polarization curves of the pure Fe 

samples are similar which suggests that 

similar corrosion mechanism occurred in 

all the samples.  Figure 6 illustrates the 

relationship between texture strength and 

corrosion current density for annealed pure 

Fe samples. Table 3 is summary of the 

corrosion data obtained from 

Potentiodynamic polarization and the 

effect of recrystallization texture on the 

corrosion properties of the as-received and 

some of the annealed pure iron samples. 

The results of the ANOVA also indicate 

that crystallographic texture {(110) (P = 

0.00056), (200) (P = 0.00033), (211) (P = 

0.00094)} have significant effects on the 

corrosion current density (Icorr) as P values 

are less than 0.05. The corrosion current 

density (Icorr) of the pure Fe samples 

increased with increase in the texture 

strength of (110) and (211), but decreased 

with increase in the texture strength of 

(200).  

In BCC iron, (110) crystal faces are more 

closely packed and have higher atomic 

density than (100) crystal faces. Closely 

packed faces of pure Fe had been found to 

be more susceptible to dissolution in 

acetate buffer solution (pH 6.0) than 

loosely-packed crystal faces (100) which 

were the most corrosion resistant and had 

strongest oxide formation tendencies [15]. 

This is because the distance to the next 

layer in a closely packed plane is larger and 

the surface atoms are less strongly bound, 

thereby making (110) grains more 

susceptible to active dissolution than the 

(100) planes. The reduced corrosion rate of 

pure Fe samples with (100) crystal faces 

could also be attributed to their relatively 

low surface energy [37]. Thus, an increase 

in texture index of (110) plane is an 

increase in atomic density and surface 

energy while a decrease in texture strength 

of (200) implied a decrease in oxide 

formation tendencies [15, 38], which made 

the pure iron samples more susceptible to 

dissolution in the corrosive media [39]. 
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Figure 5: Potentiodynamic polarization curves of the as-received and some annealed pure iron samples 

 

Table 3: Summary of the effect of crystallographic texture on the corrosion properties of 

the as- received and some of the annealed pure iron samples. 

Material 

code 

Texture index Potentiodynamic polarization test 

(110) (200) (211) Preferenti

al 

orientatio

n 

Corrosion 

potential (mV) 

Current 

density 

Icorr (µA cm-2) 

Corrosion rate 

(mm year-1) 

As-received 1.1033 0.9239 0.8454 110 -732 ± 3 20.89 ± 0.6 0.242 ± 0.010 

UD50%CR-

550-A 

0.0202 9.2026 0.0321 200 
-704±5 14.41±0.7 0.167±0.011 

UD50%CR-

900-A 

0.0093 10.163

3 

0.0222 200 
-682±3 13.33±1.0 0.155±0.019 

UD75%CR-

550-A 

1.1434 0.9941 0.6896 110 
-724 ± 4 20.9 ± 1.8 0.243 ± 0.029 

UD75%CR-

900-A 

1.0454 1.4621 0.7728 200 
-720 ± 6 19.50 ± 1.5 0.226 ± 0.024 

UD85%CR-

550-A 

1.1341 0.7684 0.8593 110 
-736±3 21.56±0.5 0.250±0.030 

UD85%CR-

900-A 

1.1241 1.0405 0.7234 110 
-726±7 20.05±0.9 0.233±0.015 
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Figure 6: The relationship between texture strength and corrosion current density for annealed pure Fe 

samples (R2>0.9). 

4.0 CONCLUSION 

The effect of crystallographic texture on the 

dissolution behaviour of pure Fe in 

simulated body fluid has been investigated. 

The as-rolled or deformation texture in pure 

iron samples was predominantly {200}, but 

this texture strength decreased with 

increase in the amount of cold work. 

During recrystallization annealing, the as-

rolled texture reverted to different 

intensities of {110}, {200} and {211}, 

depending on the amount of cold work and 

annealing temperatures. The predominant 

annealing textures in the samples were that 

of {110} after heat treatment at 550ºC, 

which reverted to {200} after heat 

treatment at 900ºC. (110), (200) and (211) 

textures had significant effects on the 

corrosion current density. Corrosion current 

density increased as the texture indexes of 

(110) and (211) increased, but decreased as 

the texture index of (200) increased. 

Structural modification that would lead to 

increase and decrease in texture strengths 

of (110) and (200) in pure iron, 

respectively, should be sought for enhanced 

dissolution rate of pure iron. 
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