
Accepted Manuscript

Development of reference metal and metal oxide engineered
nanomaterials for nanotoxicology research using high throughput
and precision flame spray synthesis approaches

Juan Beltran-Huarac, Zhenyuan Zhang, Georgios Pyrgiotakis,
Glen DeLoid, Nachiket Vaze, Saber M. Hussain, Philip
Demokritou

PII: S2452-0748(17)30100-3
DOI: doi:10.1016/j.impact.2017.11.007
Reference: IMPACT 96

To appear in: NANOIMPACT

Received date: 23 June 2017
Revised date: 26 November 2017
Accepted date: 28 November 2017

Please cite this article as: Juan Beltran-Huarac, Zhenyuan Zhang, Georgios Pyrgiotakis,
Glen DeLoid, Nachiket Vaze, Saber M. Hussain, Philip Demokritou , Development of
reference metal and metal oxide engineered nanomaterials for nanotoxicology research
using high throughput and precision flame spray synthesis approaches. The address for
the corresponding author was captured as affiliation for all authors. Please check if
appropriate. Impact(2017), doi:10.1016/j.impact.2017.11.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.impact.2017.11.007
https://doi.org/10.1016/j.impact.2017.11.007


AC
CEP

TE
D M

AN
USC

RIP
T

 

 

  Development of reference metal and metal oxide engineered nanomaterials for nanotoxicology 

research using high throughput and precision flame spray synthesis approaches 

 

 

Juan Beltran-Huarac
a
, Zhenyuan Zhang

a
, Georgios Pyrgiotakis

a
, Glen DeLoid

a
, Nachiket Vaze

a
, Saber M. 

Hussain
b
 and Philip Demokritou

a,
* 

 
a
Center for Nanotechnology and Nanotoxicology, HSPH-NIEHS Nanosafety Center, Department of 

Environmental Health, Harvard T. H. Chan School of Public School, Harvard University, Boston, MA 

02115, USA.  

b
Molecular Bioeffects Branch, Airman Systems Directorate, Wright Patterson Air Force Base, Dayton, OH, 

USA.  

 

*Corresponding author. E-mail: pdemokri@hsph.harvard.edu 

 

Keywords: Reference Materials, Nanotoxicology, Engineered nanomaterials, Nano-bio interactions, 

Dosimetry, Metal Oxides 

 

 

ABSTRACT 

  

There is a growing need to develop and characterize reference metal and metal oxide engineered 

nanomaterials (ENMs) of high purity and tunable intrinsic properties suitable for nanotoxicology research. 

Here a high throughput (volume) and precision flame spray pyrolysis (FSP) approach coupled with state-of-

the-art characterization techniques are utilized to generate such reference ENMs. The lab-based and 

industrially relevant FSP system, termed as Versatile Engineered Nanomaterials Generation System 

(VENGES), synthesizes the metals and metal oxides, at high throughput manner with controlled properties, 

such as primary particle size, aggregate diameter, shape, crystallinity, stoichiometry and surface chemistry. 

A nanopanel of nine reference ENMs (silica, silver, silver supported on silica, alumina, ceria and iron oxide) 
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