
Letter from the Chair: 

Summer greetings from the 
Failure Analysis and Preven-
tion SIG (FAPSIG)!  Thanks 
to all who attended and par-
ticipated in FAPSIG’s ANTEC 
sessions in Anaheim this past 
May. We look forward to your 
continued involvement and 
support.   

It’s hard to believe that it’s 
August already and autumn is 
just around the corner.  Along 
with the leaves changing 
color, cool crisp nights, and 
football, autumn is also the 
season for drafting papers for 
ANTEC 2018! As always, 
FAPSIG is soliciting papers 
related to the prevention and 
analysis of plastics-related 
failures. ANTEC is a great 
opportunity to learn, and to 
share what you know, about 
anticipating, preventing, and 

analyzing failures.  So if you 
have an idea for a paper, I 
urge you to make it a reality 
and submit it to FAPSIG for 
ANTEC 2018.   

In addition to paper presenta-
tions, FAPSIG is aiming to 
put together sessions geared 
towards an introduction to 
failure analysis for young/new 
engineers. If you have any 
questions or want to get in-
volved, don’t hesitate to con-
tact Todd Menna, our new 
FAPSIG TPC (and SPE 
Counselor) for 2018-2019 
(todd.menna@element.com). 

I am also proud to share that 
2018 will be the second year 
for the FAPSIG Student 
Award. My hope is that this 
award will further encourage 
graduate and undergraduate 
students to become involved 

Letter from the Chair — Brian Ralston 

Special points of interest: 

 CALL FOR PAPERS—ANTEC 18

 2017 ANTEC WRAP UP

 DR. MYER EZRIN BEST PAPER WINNER

 ANNOUNCEMENTS

 FAPSIG BOARD MEETING MINUTES

 FAPSIG STUDENT AWARD WINNER
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 in SPE. Please join me in 
spreading the word and en-
couraging any interested 
undergraduate and graduate 
students to apply for this 
$2,000 award.  

Warm regards, 
Brian Ralston 
Cambridge Polymer Group 
FAPSIG Chair  

mailto:todd.menna@element.com
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ANTEC 2018 (May 7-10, 2018) 

Call for Papers/Presentations 

Failure Analysis and Prevention Special Interest Group 

The Failure Analysis and Prevention Special Interest Group (FAPSIG) is soliciting papers and presentations for the next 
ANTEC conference, which will be held alongside the National Plastics Expo (NPE), May 7-10, 2018 in Orlando, Florida. 

The rules for submissions are different than in years past.  In addition to formal papers, ANTEC will now allow presenta-
tions to be submitted without the need of a formal paper submission.  Presentations will still be subjected to the peer re-
view process and must be submitted, in full, by the submission deadline. 

Many aspects of product and process development, material selection, manufacturing, and end-use/service life testing 
fall under the umbrella of failure analysis and prevention.  Papers/presentations can be submitted addressing failure 
analysis and prevention related to plastic and composite materials, including automotive, consumer products, medical, 
sporting goods, construction, piping, aerospace, additive manufacturing, etc. 

Topics for which FAPSIG is soliciting papers include (but are not limited to): 

Identifying and demonstrating practical solutions to prevent or mitigate common industrial problems (e.g., adhesion, 
failures, chemical resistance, and environmental stress cracking) 

Case studies on failure prevention in product design and manufacturing 

Case studies illustrating the use of complimentary tools/techniques to determine the root cause of plastic failures 

Use of new methodologies in performing plastic product failure analysis 

Use of non-destructive methodologies (e.g., CT scanning, finite element analysis) to identify and prevent failures in 
plastic components 

Fracture behavior of polymers and the role of fractography in understanding plastic product failures 

Failure analysis and lifetime prediction of plastic pipe and fittings 

Failure of medical implants, including designed failures (e.g., resorbables) 

Prevention of plastic product failures with use of accelerated aging and/or service lifetime prediction methodology 

Paper Submission Deadline: January 2018

Questions?  Contact: 
Todd Menna 

FAPSIG Technical Program Chair 
E-mail: todd.menna@element.com

Phone: (262) 901-0533

@

mailto:todd.menna@element.com
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ANTEC 2017 Wrap Up 

FAPSIG offered two well-attended sessions at ANTEC 2017 in Anaheim.  We partnered with the Pipes 
and Fittings SIG for a joint session Monday to present papers related to Preventing Failure through 
Simulation and Characterization of Failure Mechanisms. We held a session presenting several case 
studies and an interactive Failure Analysis expert panel discussion on Wednesday morning. A panel of 
invited experts answered a variety of questions on polymer characterization methods and provided advice 
on troubleshooting plastics-related failures. Thanks to Don Duvall of ESI and Dr. James (Jim) Rancourt of
Polymer Solutions for sharing their time and expertise.   

Congratulations to Farzana Ansari (lead author/presenter), Christopher Lyons, Ryan Siskey, Suresh
Donthu, and Steve MacLean of Exponent, Inc. for winning the Dr. Myer Ezrin Best Paper Award for their 
paper “Mechanical Characterization and Fractography of PC, ABS and PMMA - A Comparison of Tensile, 
Impact and ESC Fracture Surfaces”. A copy is included at the end of this newsletter.

FAPSIG would also like to thank our sponsors for supporting and funding our ANTEC activities: Element, 

Engineering Systems, Inc., Exponent, The Madison Group, and Polymer Solutions. Because of our 

sponsors we were able to sponsor student travel, establish the new FAPSIG Student Award, and continue 

our annual tradition of handing out $5 Starbucks gift cards to thank attendees for their interest and 

participation in FAPSIG sessions. If your company is interested in becoming a sponsor for ANTEC 2018, 

please contact Jeff Jansen (jeff@madisongroup.com).  

Overall, the FAPSIG sessions at ANTEC 2017 were a success and we look forward to ANTEC 2018 in 
Orlando.  

Brian Ralston, FAPSIG Technical Program Chair, ANTEC 2016-2017 



FAPSIG Student Award Winner: Sebastian Goris from UW-Madison

We are pleased to announce 

Sebastian Goris from the Uni-

versity of Wisconsin-Madison 

as the winner of the first annual 
FAPSIG Student Award. 

Sebastian’s research is titled, 

“Process-Induced Fiber Migra-

tion in Injection Molding of Long 

Glass Fiber-Reinforced Ther-

moplastics and the Impact on 

Failure Analysis.” His research 

deals with predicting the varia-

tion of fiber concentration 

throughout the part, which will 

serve to improve the prediction 

of stresses and failures. The 

summary of his research is 

given on the next page. 

The FAPSIG Student Award
is a two-part award. For the 

first part, Sebastian was pre-

sented with $500 at ANTEC 

2017. To receive the second

part of the award ($1,500),
the research described in the 

winning application must be 

submitted as a paper, 

accepted and presented at 

ANTEC 2018. 

The FAPSIG Student Award 
winner is selected based on a 
1-page summary of their
research. The summary must
be written by the student and
submitted in early March.

The winner is announced by

email via a valid university email 

account. To be eligible for the 
second part of the award, the

applicant is expected to 

complete the proposed research 

as a university student and to be 

enrolled at the time the paper is 

submitted to the following year’s 

ANTEC. 

Mark your calendar so next year

you can submit your research or 

please distribute this information 

to students you may know.  

www.chemir.com 



Process-Induced Fiber Migration in Injection Molding of Long Glass Fiber- 

Reinforced Thermoplastics and the Impact on Failure Analysis 

Long fiber-reinforced Lothermoplastics (LFTs) have gained significant importance in the transportation industries due to 

their favorable material properties, lower manufacturing costs and superior lightweight characteristics. However, the 

configuration of the reinforcing fibers is significantly changed throughout the entire production process, reflected in the 

form of fiber attrition, fiber alignment, fiber jamming and fiber matrix separation. The process-induced variation of the 

fiber microstructure within the molded part introduces heterogeneity to the mechanical properties and adds significant 

complexity to finite element analysis (FEA) modeling and lifetime prediction of LFT parts. The challenges of controlling 

and predicting this heterogeneity and its impact on the mechanical performance limits the potential of LFT for 

lightweight applications. In particular, the underlying physics of the process-induced change in fiber concentration have 

been not fully understood yet and is not addressed in the structural analysis as all modeling approaches assume a uniform 

fiber concentration throughout the molded part. My research focuses on the experimental evaluation of fiber matrix 

separation in LFT injection molding and its impact on the mechanical performance of the finished part. Results of an 

experimental study suggest a substantial agglomeration of fibers in the core-layer of an injection molded part with up to 

40% more fibers, as illustrated in Figure 1. As part of my research project, I will complete a DoE of injection molded 

plates at varying fiber concentration (5%wt. to 60%wt.) to generate a comprehensive set of experimental data. The fiber 

configuration (orientation, length, and concentration) are measured using novel measurement concepts, including micro 

computed-tomography (μCT) and image processing. Additionally, tensile tests and flexural tests will be performed of 

coupons extracted from the molded parts. The results of this experimental study will answer which damage mechanisms 

are contributing to failure of the LFT material and how it can be correlated to the observed fiber agglomeration in the 

core layer. In the next step, my goal is to study if local damage initiation and overall failure prediction can be accurately 

modeled via finite element analysis (MultiMechTM coupled with ANSYS®) if the fiber concentration gradient is 

accounted for. This part of my work will specifically include a comparison of the predicted failure with the simplifying 

assumption of a uniform fiber concentration. Of particular interest will be the numerical failure analysis focusing on the 

correlation between fiber orientation and fiber concentration since the first experimental results suggest that both 

microstructural properties have a correlated core-shell distribution through the thickness. 

Figure 1. Illustration of the observed fiber concentration gradient through the thickness of an injection molded plaque (40%wt. 

glass fiber-reinforced polypropylene): SEM image of the fracture surface of a tested tensile specimen (left), 2D cross-sectional 

view from a μCT scan (center) and measured fiber volume (normalized) through the thickness (right). 

Ultimately, this work will answer the question of whether the simplifying assumptions of a uniform fiber concentration 

in injection molded parts is permissible or not for FEA modeling and lifetime prediction of LFT components. As a result, 

it may be possible to achieve a more reliable prediction of the structural performance of LFT parts if the actual variation 

in fiber concentration is accounted for in the design process. The outcome will contribute to a better understanding of the 

process-microstructure-property relationship and might help to exploit the full potential of this material class. 

Summary of research submitted by Sebastian Goris, University of Wisconsin—Madison. 

Recipient of the 2017 SPE Failure Analysis and Prevention Scholarship 
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Announcements 

The Madison Group is Pleased to Welcome Patrick Mabry. 

The Madison Group has announced the addition of Patrick Mabry to its engi-
neering team. Patrick earned his M.S. in Mechanical Engineering in 2015 from 
the University of Wisconsin – Madison’s Polymer Engineering Center and joined 
the Madison Group in May of 2017. His primary responsibility is performing 
Moldflow simulation for injection and compression molded parts. Patrick's back-
ground is rooted in the design and processing of composite materials, these 
skills having been developed working for Trek Bicycle Corporation and HEAD 
Sports. Through his previous work he gained knowledge of lean manufacturing 
techniques, mold design, and composite part design. 

“We are pleased to have Patrick join our growing team of engineers at The Madi-
son Group. He brings excellent composite manufacturing knowledge that will 

bolster our capabilities to The Madison Group,” said Bruce Davis (CEO).  

www. Exponent.com 

Element Materials Technology New Berlin Hires Clayton Zortman. 

Clayton Zortman has recently joined the chemical analysis team at Element Materi-
als Technology New Berlin as a Chemist in our materials analysis laboratory.  Clay 
is an analytical chemist with experience in polymeric and materials chemistry and 
analysis.  His most recent position was with Rehrig Pacific, where he served as a 
Quality Assurance Technician assisting with production and quality control.  Clay 
obtained his Bachelor’s degree in Chemistry from University of Wisconsin – Park-
side, with minors in Mathematics and Physics.  
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Anaheim, CA – May 7, 2017. The Failure Analysis and Prevention SIG  is pleased to announce that Dr. Don-

ald E. Duvall has been named an Honored Service Member. According to the SPE Bylaws, to be elected an 

Honored Service Member, a candidate shall have demonstrated long-term, outstanding service to, and sup-

port of the Society and its objectives. Dr. Duvall received this award in part for his many contributions to the 

plastics industry and the Society of Plastics Engineers, including holding leadership roles in the Engineering 

Properties and Structure Division (EPSDIV), the Failure Analysis and Prevention SIG (FAPSIG), and the 

Plastic Pipe & Fittings SIG. Dr. Duvall was nominated by the Plastic Pipe & Fittings SIG, and additional 

referrals were submitted by Paul Gramann (FAPSIG) and Murali Rajagopalan (EPSDIV).

Dr. Donald E. Duvall Named SPE Honored Service Member 

www. esi-website.com 



On behalf of the Failure Analysis and Prevention Special Interest Group of SPE I would like to 
thank our 2017 ANTEC sponsors. 

Element Materials Technology 

ESI 

Exponent 

Polymer Solutions 

The Madison Group

Because of their generosity we are able to forward our mission of plastics education. Directly, the 
sponsorships were used to fund the newly created FAPSIG Student Award, for students involved 
in research related to failure analysis and prevention, and the annual Dr. Myer Ezrin Best Paper 
Award. 

If you are interested in sponsoring FAPSIG at the 2018 ANTEC, please contact Jeff Jansen at 
jeff@ madisongroup.com  

2017 Failure Analysis and Prevention SIG 2017 ANTEC Sponsors 



SPE Failure Analysis and Prevention SIG Board Members 



2017 FAPSIG Dr. Myer Ezrin Best Paper Award Recipient 

MECHANICAL CHARACTERIZATION AND FRACTOGRAPHY OF PC, ABS AND PMMA 

– A COMPARISON OF TENSILE, IMPACT AND ESC FRACTURE SURFACES

Farzana Ansari, Ph.D., Exponent, Inc., Menlo Park, CA 

Christopher Lyons, Ph.D., Exponent, Inc., Menlo Park, CA 

Ryan Siskey, M.S., Exponent, Inc., Philadelphia, PA 

Suresh Donthu, Ph.D., P.E., Exponent, Inc., Menlo Park, CA Steven MacLean, 

Abstract 

This work presents an effort to document and describe 

fracture surfaces for three commercially available 

amorphous polymers (PC, PMMA and ABS) each 

subjected to tension, impact and environmental stress 

cracking (ESC). We present mechanical properties as well 

as microscopic characterization at low and high 

magnification to distinguish between slow tensile loading, 

fast impact loading, and environmentally assisted creep 

failure mechanisms. Chemical surface analysis of select 

fracture surfaces was also performed to evaluate its utility 

as a failure analysis technique for identifying ESC failure. 

The fractographic atlas presented herein serves to assist 

others in identifying topographical fracture surface 

features and crack growth mechanisms of failed plastic 

components, and more accurately distinguish between 

pure mechanical failure and ESC-generated fracture, 

where possible. 

Introduction 

The need for more cost- and energy-efficient materials in 

modern engineered products has necessitated a shift 

towards the use of load-bearing polymeric materials in a 

variety of applications across multiple industries. With 

this transition comes an increased need for understanding 

how such load-bearing polymers inevitably fail, 

especially with respect to cracking and fracture. 

Fractography is a useful tool for discerning the loading 

mode and environment that the polymer has experienced 

during failure. Examination at different magnifications 

can be combined with chemical analysis tools to 

understand the nature of initiation and propagation 

mechanisms that contributed to component failure. 

Deciphering the differences between tensile, impact and 

environmentally-assisted stress fracture surfaces of 

plastics requires a nuanced understanding that is distinct 

from classical fractography used for metals, glasses and 

ceramics. While fractography guides are available for 

polymers [1-8], they often lack necessary details on the 

conditions of failure (e.g. loading mode, environment) or 

composition and processing of the polymer in question, 

which makes it difficult to use them for failure analysis of 

field failures. 

This work presents a systematic fractographic evaluation 

of three commonly-used amorphous polymers under 

controlled stress conditions: tension, impact and 

environmental stress cracking (ESC). In reality, these 

three modes can often work in combination to create a 

fractured surface.  For example, it is not uncommon for 

slow crack growth mechanisms, such as creep, fatigue 

and ESC, to transition to stress overload fracture once the 

advancing crack propagates to a critical length. However, 

evaluating each mode in isolation can greatly facilitate the 

creation of a “road map” to crack origination and root 

cause. The evaluation of ESC is particularly important for 

amorphous polymers, which are notoriously more 

susceptible to this failure mode due to their higher free 

volume and unordered molecular structure when 

compared to semi-crystalline polymer counterparts, [9]. 

ESC fracture surfaces can differ in morphology 

depending on applied stress/strain, the chemical 

composition and concentration of the ESC agent. In this 

work, we present a comparison of ESC failure in three 

materials exposed to two strain levels and solvent types. 

Ultimately, this work seeks to establish an atlas of 

polymeric fracture surface damage under controlled 

loading and environmental conditions to facilitate failure 

analysis efforts. 

Materials and Methods 

All three polymers evaluated were obtained in resin form 

and molded into final specimen geometries according to 

the manufacturers’ recommended processing conditions. 

Materials evaluated included polycarbonate (PC) 

(Lupoy®, 1201-10), polymethylmethacrylate (PMMA) 

(LG Chem, IH 830), and acrylonitrile butadiene styrene 

(ABS) (LG Chem, HI-121).  



Tensile Testing: 

ASTM D638 [10] Type I dog bones with a thickness of 

3.15 mm were prepared for tensile testing. Tensile testing 

was performed in ambient conditions at a crosshead 

displacement rate of 5 mm/min (strain rate: 0.1 min-1), 

while recording engineering stress and strain. All testing 

was performed on a Zwick Roell Z010 (Ulm, Germany) 

load frame with a 10 kN load cell. Strain was measured 

using a Zwick BTC-ExMacro .001 (self-supporting) 

video extensometer (Ulm, Germany). The tensile testing 

was performed on five replicates per polymer type. 

Izod Impact Testing: 

Single-edge notched Izod impact specimens were 

molded in accordance with ASTM D256 [11] 

dimensions, with a thickness of 3.15 mm. Testing was 

performed in ambient conditions on an Izod impact 

tester equipped with a pendulum having a nominal total 

energy of 21 Joules.  The impact strengths (Izod energy / 

cross sectional area) of five specimens for each material 

were recorded. 

ESC Testing: 

ESC testing of each polymer type was conducted 

using a custom-made constant strain jig. Bars 3.15 x 10 

x 50 mm in size were subjected to a constant bending 

tensile strain of approximately 1.5%. Specimens of each 

material were exposed to either ambient (air), Bis

(2ethylhexyl)phthalate (DEHP), or isopropyl alcohol 

(IPA). The ESC agents were applied to the tensile 

surface of each sample. Time-to-failure and failure mode 

observations (crazing, cracking and/or complete 

fracture) were monitored using time-lapse photography. 

Fractography of ESC specimens was performed only on 

those that exhibited complete breakage. 

Fractography: 

Fracture surfaces from each loading mode were 

examined using a Keyence optical microscope (Osaka, 

Japan) under direct and indirect lighting. Scanning 

electron microscopy (SEM) was performed using a FEI 

Versa 3D DualBeam (Hillsboro, Oregon) on the same 

fracture surfaces in both secondary and backscatter 

mode in low vacuum at 10 kV. The fracture surfaces 

were not coated for SEM examination. Fourier-

transform infrared (FTIR) spectroscopy was performed 

on fracture surfaces of ESC and tensile specimens 

(control) to determine the detectability of residual ESC 

agents several days after fracture. 

Results and Discussion 

Mechanical Properties: 

Tensile testing results are shown in Figure 1 and Table 

1. PC exhibited the highest ductility and moderate

tensile strength, while ABS showed the lowest strength. 

PMMA showed the highest tensile strength and least 

amount of ductility as evidenced by the lowest 

elongation to break value. Strain hardening was also 

evident at high strains, likely due to chain alignment and 

stretching [5,6]. 

Impact data for the three polymers is summarized in 

Table 2. PC demonstrated the highest impact strength, 

followed by ABS and PMMA, which is consistent with 

tensile test results. Both PC and ABS exhibited a hinge 

failure mode, consistent with relatively higher ductility 

compared with PMMA, which consistently 

demonstrated a clean break. The differences in yield 

strength between the three polymers were statistically 

significant (p<0.05). 

The high impact toughness in PC measured in this study 

appears to be greater than reported in the literature [12], 

which could be due to the small specimen thickness used 

in this study. 

Figure 1 | Engineering stress-strain data from the three 

amorphous polymers evaluation.  



ESC Testing: 

ESC results are summarized in Table 3. Among the three 

polymers, PMMA exhibited the shortest time to failure 

for both DEHP and IPA, followed by ABS and then PC.  

Interestingly, though crazing occurred relatively rapidly 

in ABS and PC samples treated with IPA, complete 

failure did not occur, possibly either due to evaporation of 

the IPA from the sample surface, or strain relief in the 

sample over time due to extensive crazing. Specimens 

exposed to ambient air did not exhibit any cracking or 

fracture after one week of testing.  

Fractography: 

Optical microscopy of representative fracture surfaces 

from each material and loading mode are shown in 

Figure 2. Gross necking was observed on PC and ABS 

specimens loaded under tension or impact, while no 

necking was seen on PMMA specimens or on any ESC 

samples. The behavior of PMMA is consistent with the 

low ductility evidenced from mechanical testing. Both 

impact and tensile loading of PMMA samples generated 

little, if any, ductility, despite the difference in strain rate 

exhibited by both loading modes and the introduction of a 

notch for impact testing. ABS, on the other hand, 

demonstrated a ductile-brittle transition at room 

temperature, with significant deformation under slower 

strain (tensile loading) compared to high strain (impact). 

A single fracture origin is observed on tensile specimens 

for all materials, while multiple origins are apparent on 

ESC surfaces. Furthermore, unlike tensile and impact 

specimens, ESC fracture surfaces contain multiple 

morphological features including glossy, smooth regions 

intertwined with sharp ledges, multiple fracture origins on 

neighboring planes, discontinuous growth bands, and/or 

surface fibrillation due to craze rupture. 

Figure 3 shows SEM imaging of the fracture surfaces of 

PC samples at different magnifications. No cavitation or 

fibrillation is observed under the three loading modes at 

room temperature. Instead, macroscale linear features and 

smooth crack transitions are observed, which, in 

combination with gross necking seen in Figure 2, are 

consistent with the relatively high toughness and impact 

strength exhibited by this material. Significant necking of 

the impact specimen is likely due to its small thickness 

combined with PC’s high intrinsic toughness. Plane stress 

conditions at the specimen surface lead to enhanced bulk 

specimen yielding, which encourages ductile crack 

growth. Interestingly, under high magnification (Figure 

3), the fracture surface adjacent to the notch and at the 

center of the specimen (where plane stress conditions are 

minimized) do not show features indicative of ductility. 

This is consistent with the PC fracture surfaces for thicker 

specimens previously reported in the literature [12].  



Unlike ABS and PC, the fracture origin of PMMA 

tensile specimens displays a very smooth surface 

texture adjacent to the initiation point, which then 

transitions into a series of concentric rib markings 

located approximately 400 µm from the origin (Figure 

5). This is followed by fast, multi-planar fracture that 

resulted in fragmentation of PMMA under tensile 

loading, consistent with this polymer having relatively 

low ductility compared to ABS and PC. The concentric 

rib markings seen on tensile samples were also seen on 

Figure 2 | Optical microscopy of representative fracture 

surfaces for each material and loading mode.  

Fracture origins on tensile specimens are labeled with 

white solid arrows. Notches on impact specimens are 

oriented on top and impact direction is shown by the 

white dashed arrows. ESC fracture surfaces are shown for 

DEHP-treated samples, and are oriented such that the 

tensile surface is on the right side of the image. 

impact specimens, though with significantly less spacing 

between each band (Figure 6). Still, both tensile and 

impact specimens exhibited variable spacing between rib 

markings, with each concentric band growing further 

apart downstream from the origin. Alternatively, as seen 

in Figure 6C, discontinuous growth bands (DGBs) seen 

on the ESC PMMA specimen were more uniformly 

distributed, with no noticeable change in spacing.   

ESC fracture surfaces exhibited strong similarities 

between the three materials; however, subtle differences 

in surface morphology could be seen when comparing 

different regions of the same specimen or ESC agents. 

ABS shows smooth surfaces separated by ridges near an 

origin, as well as multiple fracture planes, while surface 

fibrillation due to craze rupture appears farther away from 

the origin (Figure 7). In general, both solvents 

demonstrated some degree of ESC failure for all three 

polymers, consistent with their expected solubility in each 

material.  Hansen solubility parameters for IPA and 

DEHP were 11.5 (cal/cm3)1/2 and 7.9 (cal/cm3)1/2, 

respectively, close in range to solubility parameters for 

PMMA (9.6 (cal/cm3)1/2), PC (10.5 (cal/cm3)1/2) and ABS 

(9.39 (cal/cm3)1/2) [10,13]. 



FTIR analysis of all ESC samples successfully led to 

identification of DEHP on all fracture surfaces (results for 

the ABS ESC sample are shown in Figure 8). FTIR data 

was collected several weeks after fracture when surfaces 

appeared residue free, demonstrating its potential 

effectiveness as a failure analysis tool. However, the 

success of FTIR analysis does depend on the ESC 

solvent, in particular, its vapor pressure and chemical 

structure. This was seen with analysis of PMMA ESC 

specimens exposed to IPA, in which FTIR analysis did 

not detect any residual solvent on the surface. Chemical 

surface detection of ESC agents depends on both the 

volatility of the solvent as well as its affinity (or lack 

thereof) for the polymer material. In other words, a 

negative finding from chemical analysis does not 

necessarily imply that ESC was not the failure 

mechanism; fractographic analysis and a thorough 

understanding of the end-use environment become crucial 

in isolating ESC as the root cause. Chemical analysis can 

further validate that failure mode.  

Conclusions 

The morphology of fracture surfaces depends on multiple 

parameters, including loading mode, fundamental 

material properties and environment (solvent type). 

Evaluation of tensile, impact and ESC failure of PC, ABS 

and PMMA revealed similarities and differences that can 

be leveraged in analysis of failed components in the field. 

 All ESC fractures exhibited consistent surface

features: multiple origins, often occurring on

multiple adjacent planes, a lack of macro- or

microductility, and a smooth, glossy appearance

near the origin.

 Solvent type and applied load did influence the

degree and rate of ESC failure.

 Similarities between tensile and impact specimens

were seen for PMMA specimens, which exhibited

lowest toughness and ductility, while ABS

specimens demonstrated a remarkable shift from

ductile to brittle behavior between the two loading

modes.

 The differences in low and high magnification 
imaging of PC impact specimens revealed the 
importance of utilizing both optical and scanning 
electron microscopy in interpreting fracture 
surfaces, especially where variable thickness can 
be involved.

 Chemical analysis of ESC fracture surfaces can be

useful in identifying the ESC agent and further

validate this failure mode.  . However, the

detection of the ESC agents depends on their

volatility and affinity to the polymer.  A lack of

conclusive results from chemical analysis does not

necessarily negate ESC as the primary cause of

failure.

Given that failure of polymeric components is often 

multifactorial, our study demonstrates the utility of 

controlled, bench-scale testing in isolating relevant 

parameters to provide a robust road-map to determining 

the root cause(s) of failure.  
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