
Recycling of Composites and Prepregs by Oxidative Catalysis
WP20-1491

Steve Nutt and Travis Williams
University of Southern California

25 Sept 2020



REPORT DOCUMENTATION PAGE

Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39.18

Form Approved 
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information 
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other 
provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.   
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

3. DATES COVERED (From - To)

5a.  CONTRACT NUMBER

5b.  GRANT NUMBER

5c.  PROGRAM ELEMENT NUMBER  

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

8. PERFORMING ORGANIZATION
REPORT NUMBER

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

13. SUPPLEMENTARY NOTES

16. SECURITY CLASSIFICATION OF:
a. REPORT b. ABSTRACT c. THIS PAGE

17. LIMITATION OF
ABSTRACT

18. NUMBER
OF

1. REPORT DATE (DD-MM-YYYY)

05/09/2020
2. REPORT TYPE
SERDP Project Outbrief

4. TITLE AND SUBTITLE
Recycling of Composites and Prepregs by Oxidative Catalysis

6. AUTHOR(S)
Steven Nutt 
Travis Williams

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
University of Southern California
Department of Chemical Engineering and Materials Science
3651 Watt Way, VHE-406
Los Angeles, CA 90089-0241

WP20-1491

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Strategic Environmental Research and Development Program  
4800 Mark Center Drive, Suite 17D03 
Alexandria, VA 22350-3605 

5d.  PROJECT NUMBER

WP20-1491

10. SPONSOR/MONITOR'S ACRONYM(S)
SERDP

WP20-1491

DISTRIBUTION STATEMENT A. Approved for public release: distribution unlimited. 

UNCLASS UNCLASS UNCLASS UNCLASS

19a.  NAME OF RESPONSIBLE PERSON

Steven Nutt
19b.  TELEPHONE NUMBER (Include area code)

213-740-1634

14. ABSTRACT
The technical objectives of this project were to: demonstrate catalytic oxidation to disassemble epoxy composites; recover C fibers with retained 
architecture; demonstrate recovery of small molecules of value; and reduce hazmat waste from composite mfg.

15. SUBJECT TERMS

Recycling of Composites, Prepregs, Oxidative Catalysis

PAGES 

25

19-P-0094

8/27/2019 - 8/26/2021



Technical Objectives

2

Demonstrate catalytic 
oxidation to disassemble 

epoxy composites

Demonstrate recovery of 
small molecules of value

Reduce hazmat waste 
from composite mfg

Recover C fibers with 
retained architecture



Technical Approach
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Task 4 – prepreg
recycling ✓

Task 1 – mechanism
identification ✓

Task 2 – catalyst
screening  ✓

Task 3 – chemical
analysis ✓

Task 5 – recyclate
recovery ✓
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Background

● Project initiated 2019
● NEED:  Sustainable M&P for recycling/reuse of PMC’s to reduce waste, exposure.
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Background
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Tactical rocket motors

Panels and armor in ground vehicles
Autonomous Sea Hunter drone warship with CFRP hull

JSF composite parts
composite body armor



Results

● Describe results as they relate to the 
key tasks in your technical approach. 

● Describe methods and techniques 
that were used and how they helped 
to accomplish the objective of the 
research.

● Reason to continue.
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Mechanism identification – Task 1
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Can we move from H2O2 to 
air with a catalyst?

Elimination Polymer cleavage



Catalyst screening – Task 2
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Simulated polymer Cleavage Product

Metal No ligand 1,10 - Phen Salen

Fe(II)

Mn(II)

Ru(III)

Cu(I)

Co(II)

Green = consumed < 1 day
Blue = consumed in 2 days
Red = low / no reactivity

White = untested



Chemical analysis – Task 3

(mix of organic monomers)



Prepreg recycling – Task 4

5320‐1/8HS 
“100 wt%”

BnOH

200 oC, 4 h
125 wt%

O2 (10 atm)
MnCl2, AlCl3 (5 wt%)
AcOH, 180 oC, 43 h

62 wt%10 wt%

pH 11organics
1 wt%

Swollen, permeablized product



Recyclate recovery – Task 5

DDS by‐products are accelerators for resin cure reaction



Next Steps

● Demonstrate property retention in recycled PMCs
● Scale up
● Accelerate

13



Technology Transfer

 Technology transfer is a critical and mandatory part of every SERDP project. The 
most successful technology transfer will include multiple types of approaches to 
reach multiple audiences.

 Consider the types of technology transfer that may be best suited to your project 
and provide a list of potential products/presentations as well as completed items. 
See examples on next slide.

 Target audiences should include EPA & State regulators, consultants, DoD Remedial 
Program Managers, and researchers. 
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Technology Transfer

● Startup formed ‐ Closed Composites, LLC
● Funding awards
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Wrigley competition ASU competition



Startup – Closed Composites, LLC
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IP Landscape

 Lo, J.; Nutt, S. R.; Williams, T.J. “Recycling of Fiber Reinforced Polymers via Catalytic Oxidation” United States
Provisional Patent 62/479,431, filed March 31, 2017.

Provisional was abandoned and claims were rolled in to US2018 16/234,062

 Ma, Y.; Navarro, C.; Nutt, S. R.; Williams, T. J. “Aerobic Depolymerization of Fiber‐Reinforced Composites” 
United States Patent Application, US2018 16/234,062, filed December 27, 2018.

Non‐provisional coverage of CFRP digestion

 Williams, T. J.; Nutt, S. R.; Ma, Y.; Navarro, C. A. “Recovery and Reuse of Acid Digested Amine/Epoxy‐Based 
Composite Matrices” US Provisional Patent No. 62/902,158, filed September 18, 2019

Converting to PCT at VC request. Covers SERDP‐sponsored inventions.



Key Points
● Take‐aways

 CF‐epoxy parts are disassembled under moderate conditions
 Fiber architecture and properties retained for reuse
 Matrix components of value recovered for reuse
 Scaling, accelerating, commercializing ahead
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Future Research

● Tasks
 Demonstrate depolymerization of cured CFRP from diverse sources
 Scale up
 Accelerate
 Addressed mixed feedstocks
 Develop routes for reuse (CFRP processing and properties, fiber surface treatments, tougheners)

● Rough cost estimate for follow‐on research: $700K/yr for 3 yrs
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BACKUP SLIDES
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Publications
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“A Structural Chemistry Look at Composites Recycling” CA Navarro, CR 
Giffin, B Zhang, Z Yu, SR Nutt, TJ Williams, Matls Horizons Aug (2020) DOI “Recovery and reuse of acid‐digested amine/epoxy composite matrices” Y Ma, CA 

Navarro, TJ Williams, SR Nutt, Polymer Degradation & Stability 175 (2020) 109125 DOI



Project Funding

FY20

Funds received to date ($K) $200K

% Expended 100%

Funds Remaining ($K) -



Technology Transfer Examples

● Presentations at key conferences
● Web‐based tools (see example at link)

 http://t2.serdp‐estcp.org/

● Technology fact sheets
● SAMPE LA chapter open house
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Supporting Material

● Provide any appropriate supporting material that could not be included in the 
brief, if necessary
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