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How  does  stopping  a  bullet  relate  to  
crystallinity?

à Crystallinity  effects  the  strength  and  toughness  of  Kevlar  body  
armor  and  therefore  its  ability  to  stop  small  munitions

• For  protection  against  small  arms,  Kevlar  (a  
para-aramid  fiber)  is  used  in  personal  body  
armor

• Kevlar  is  ideal  for  body  armor  because  of  
its  strength  (force  required  for  breaking)  
and  toughness  (energy  required  for  
breaking)

• Strength  and  toughness  are  effected  by  the  
crystalline  and  amorphous  phases  of  the  
polymer

• Kevlar  is  manufactured  in  several  forms  
with  varying  degrees  of  crystallinity:  
o Kevlar  29 (~65%)
o Kevlar  49 (~75%) Microscope  image  of  Kevlar  29

Personal  body  armor  
(modernsurvivalblog.com)

5  µm
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How  can  we  determine  local  crystallinity  in  
Kevlar  Fibers?

àRaman  spectroscopy  can  provide  the  distribution  and  
percentage  of  crystallinity  in  polymers

• Two  traditional  methods  of  
determining  crystallinity:
• X-ray  Diffraction  (XRD)
• Differential  Scanning  

Calorimetry  (DSC)

• Traditional  methods  make  
local  crystallinity  
indeterminate

• Raman  spectroscopy  can  
determine  discrete  point  
crystallinity

• Tall,  narrow  peak  profiles  are  
crystalline

• Short,  wide  peaks  are  
amorphous

Raman  Spectra  of  Kevlar  29

Kevlar  chemical  group  (4college.co.uk)
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Can  Kevlar  crystallinity  be  determined  
using  Raman  spectroscopy?

• Aim  1:  Determine  experimental  conditions  
that  produce  the  best  signal-to-noise  ratio

• Aim  2:  Correlate  Raman  spectra  to  x-ray  
diffraction  crystallinity  values

Objective:  Raman  spectra  of  Kevlar  fibers  can  
be  used  to  determine  polymer  crystallinity
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How  do  different  sample  backgrounds  
effect  the  signal-to-noise  ratio?

à Glass  slides  introduce  noise  when  performing  Raman  
spectroscopy

Different  sample  backgrounds• Changing  sample  background  
changes  the  type  of  noise  profile  in  
data

• Glass  slides  produce  a  lot  of  noise  in  
the  sample  data

• Silicon  wafers  v  no  background  slide  
provide  a  nearly  equivalent  set  of  
Raman  spectra  for  Kevlar  samples

Image  of  normalized  Raman  spectra  with  
different  sample  backgrounds
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(a) Stage  background  for  sample
(b) Si  wafer  for  sample  background
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• Varying  laser  intensities  and  
sample  acquisition  times  
improves  the  signal  to  noise  
ratio  of  Raman  spectra

• Improving  the  signal-to-noise  
ratio  improves  the  chance  of  
quantifying  crystallinity

• Graph  of  laser  strength  and  
acquisition  time  has  two  variable  
factors
– Laser  intensity  (5%,  25%,  100%)
– Acquisition  time  (5s,  10s)

Normalized  Raman  spectra  for  the  same  
sample  of  Kevlar  29

Laser  Strengths  and  Acquisition  Times

Which  laser  settings  produce  the  best  
signal-to-noise  ratio?

à Using  a  633nm  laser  with  1800gr/mm  diffraction  grating  and  5s  
acquisition  time  yields  the  best  Kevlar  spectra
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• Raman  spectra  between  samples  includes  
small  variances  between  peak  position,  
intensities,  widths,  and  computed  areas

• These  differences  in  spectra  support  the  
published  data  indicating  a  ~10%  
difference  between  Kevlar  29  and  Kevlar  49

How  does  Raman  spectra  vary  for  Kevlar  29  and  Kevlar  49?

à The  Raman  spectra  of  Kevlar  29  and  Kevlar  49  are  very  similar  
due  to  small  differences  between  their  crystalline  phases

Peak  summary  for  Raman  spectra

Tables  comparing  selected  peaks  for  Kevlar  29  and  Kevlar  49
Raman  spectra  for  Kevlar
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à The  Raman  spectra  of  Kevlar  29  and  Kevlar  49  are  very  similar  due  to  
small  differences  in  their  crystalline  phases  agreeing  with  XRD

Validating  Raman  results  using  x-ray  diffraction  results

XRD  data  for  Kevlar

Raman  spectra  for  Kevlar

• X-ray  diffraction  (XRD)  has  been  used  to  verify  
crystallinity  in  Kevlar  29  and  Kevlar  49

• Calculated  XRD  values  can  fix  Raman  data  into  
an  absolute  reference  frame

• We  are  able  to  see  a  5%  relative  difference  in  
Raman  spectra  between  Kevlar  29  and  49
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Use  of  spectroscopic  methods  
will  allow  for  the  quantification  
of  Kevlar  crystallization  with  an  
end  state  goal  of  improving  
soldier  body  armor

How it Works:
• Raman  spectroscopy  uses  
monochromatic  light  to  excite  
samples  and  detects  their  
Raman  spectra  as  
wavenumbers

• Different  peaks  represent  
different  chemical  bonds  in  
the  sample

• Interpreting  ratios  between  
chemical  bonds  allows  
inferences  about  the  
crystallinity  in  the  same
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(a) Irradiating  Kevlar®  sample  with  
633nm  laser  

(b) Kevlar  sample  under  50x  
microscope

Raman  Spectra  of  Kevlar  29

(b)(a)

(1) 1610  peak  used  for  data  normalization
(2) 1648  and  1654  peaks  used  to  

calculate  crystallinity

• Raman  scattering  is  
sensitive  to  the  
degree  of  crystallinity  
in  a  sample

• Highly  crystalline  
samples  have  tall,  
sharp  peaks

• Highly  amorphous  
materials  yield  broad,  
less  intense  peaks

àRaman  spectroscopy  can  be  used  to  determine  small  changes  in  
crystallinity

Quantifying  Crystallinity  in  Kevlar  Using
Raman  Spectroscopy

Daniel  Drennan,  Grant  Gonzalez,  Prof.  Kevin  Kit  Parker  (PI)

• Materials  for  body  armor  
require  both  strength  and  
toughness

• Materials  trade  off  between  
strength  (amount  of  force  
required  to  break)    and  
toughness  (amount  of  
energy  to  break)

• Crystalline  fibers  are  strong

• Amorphous  fibers  are  
tough


