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Introduction: The surfaces of comet nuclei have 

been studied closely through flyby missions such as 
Deep Space 1, Deep Impact, Stardust and Rosetta. The 
ESA Rosetta mission detected a diversity of organic 
materials on the surface of 67P/Churyumov-
Gerasimenko, such as carboxylic acids [1], polyox-
ymethylene [2], and the amino acids glycine and phos-
phorus [3]. Such materials may contribute to, or influ-
ence, the development and early evolution of life on 
Earth in its early days. This supports the recommenda-
tion of the NRC Planetary Decadal Survey “Vision and 
Voyages for the Decade 2013-2022 for a comet surface 
sample return mission that preserves complex organics 
for detailed laboratory analysis. In preparation for the 
New Frontiers 4 competition, the Biblade Sampler [4] 
has been designed to acquire a comet sample of a vol-
ume of 500 cc and containing materials originating 
from a depth sufficient to avoid thermal alteration. 
This sampler is a new technology that must be tested 
and validated in realistic comet simulant materials to 
achieve a high Technology Readiness Level. 

From previous comet fly-by missions, we can make 
inferences regarding the physical properties of come-
tary nuclei. The surface shear strength of comets has 
been reported to be 1-100 kPa [5]. An overall range of 
bulk densities of comets through the use of modeling 
yields 0.18-1.25 g/cc with a mean bulk density of 0.5 ± 
0.1 g/cc [6, 7, 8, 9, 10, 11, 12]. The Radio Science In-
vestigation (RSI) onboard the Rosetta orbiter derived 
from the gravity data and shape of the nucleus a densi-
ty of 0.533 ± 0.006 g/cc at 67P/Churyumov-
Gerasimenko [13], and also constrained a homogene-
ous internal structure at the scale of a few hundreds of 
meters. Macroporosity is determined by the grain den-
sity and bulk density of the comet nuclei and via this 
method, the range of macroporosity of comets is 
thought to be 50-80% [14]. 

Measurements taken by Rosetta’s Philae lander of 
the surface and sub-surface of 67P/Churyumov-
Gerasimenko by the MUPUS instrument of a hard lay-
er of unknown thickness and unknown hardness sug-
gest a lower bound of 4 MPa cone penetration re-
sistance [15] which differ from previous expectations. 
The KOSI experiments by [16] on comet simulants 
containing ices reported the formation of a hard layer 
after a short irradiation period. However, no ultimate 
steady state was reached in these experiments. The 
discovery of potential grains of up to 1 mm size [17] 

by the VIRTIS instrument on the surface of 
67P/Churyumov-Gerasimenko, in debris flow in shad-
owed regions, seems to be qualitatively consistent with 
the experimental results. Furthermore, the permittivity 
probe on the Philae Lander (SESAME-PP) measured a 
higher dielectric constant (2.45 ± 0.20) at the final 
landing site of Philae [18] than the bulk dielectric con-
tant of the nucleus measured by CONCERT (1.27) 
[19]. The SESAME-PP measurement was local (~1 m 
scale), thus is compatible with the presence of a com-
pact layer, possibly ice-rich, in the near surface of 
comet nuclei. 

MPACS is a suite of homogeneous, geological ma-
terials that are currently being used to test and validate 
the Biblade Comet Sampling System [4]. These mati-
erals have been developed to represent a range of 
properties (strength, microstructure, density, porosity) 
that are representatitve of the range of properties ex-
pected at a comet nuclei. Foamglas is a sintered foam 
material commonly used as a comet simulant due to its 
porous and brittle nature. However, MPACS is a more 
realistic comet simulant since it is an aggregated com-
posite in structure, unlike Foamglas which has a 
framework-like structure. 

Methods: Mix Designs. The materials were chosen 
due to their ease of attainability and use in a laboratory 
and their ability to create low density, porous geologi-
cal material with brittle failure modes. A baseline mix 
design of MPACS was developed using equal parts 
Portland Cement and Pumicite (< 40 µm) combined, 
and added to water, a foaming agent and cement accel-
erant. The wet and dry components were then whisked 
using a Hobart A-200 Stand Mixer for 120 seconds. It 
was then cast into the desired mold, ranging from 
small cylinders to various box sizes. The mixture re-
mains at ambient temperature and pressure conditions 
for the first 4 days before it is cured and dried at 40C 
for 3 days inside a temperature and humidity con-
trolled room. The curing process is a mineralization 
process that occurs between the water and the cement 
to generate a binder that cements the aggregate grains 
together. 

Measurement of Material Properties. The mechani-
cal properties, density and porosity of the material 
were tuned by varying the amount of foaming agent 
and binder to aggregate ratio within the mixture. A 
relationship was found within the current mix designs 
between the amount of foaming agent and desired 
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strength properties. This relationship was used to tune 
simulants at incremental strengths within the 1-10 MPa 
cone penetration resistance range. The cement to ag-
gregate ratio was altered to vary density and porosity. 
Presented here are 4 strengths of MPACS materials 
(termed A-D) that differ in their physical and mechani-
cal properties and a comparison to Foamglas (Figure 
1). 

Density measurements were taken based on mass 
and volume of the cured samples and porosity was 
calculated as the amount of void space in a sample 
based on density measurements. A fully custom built 
bench-top Cone Penetration Resistance (CPR) Appa-
ratus was developed. Measurements are performed 
when an actuator moves an S-shaped force gauge with 
a cone-tipped rod attachment at a constant rate until it 
penetrates the sample to a depth of 15 cm. A Firgelli 
linear potentiometer is used to measure depth of the 
cone tip into the simulant material.  All data is collect-
ed using a custom LabVIEW program for later pro-
cessing. Uniaxial Compressive Strength (UCS) meas-
urements were conducted by generating 2-inch cubes 
of MPACS and compressing until failure using a Ge-
otest Compression Apparatus. 

Discussion: Comparison to Properties of other 
Comet Simulant Materials. Locating natural or manu-
factured materials that represent the mechanical prop-
erties of a comet nuclei is a significant challenge. Of-
ten, manufactured materials provide a subset of proper-
ties relevant to that of a comet nuclei. Sythentic foams, 
such as Floral Foam have been proposed due to their 
low density and high porosity, however, such materials 
do not exhibit brittle failure modes expected at the 
surface of a comet. Foamglas is a sintered foam that 
has been used as a comet surface simulant in recent 
years. This material does have low density and high 
porosity and breaks in a brittle failure mode.  However, 
closer investigation reveals that Foamglas is a strong 

framework structure with unnaturally large pore spaces 
instead of the composite structure of weakly bonded 
grains and induced pore spaces expected at the surface 
of a comet. 

Because comet nuclei are thought to be a compo-
site-like structure of grains cemented together in mi-
cro-gravity by volatiles and organics [20], a CPR 
measurement of 4 MPa as found by the MUPUS-PEN 
instrument, will likely not have the same relationship 
to Compressive Strength as that found in Foamglas. 
The UCS value of 2 MPa reported by MUPUS [15] 
relies on the extrapolation of the UCS-CPR relation-
ship observed in Foamglas SRC. Instead, assuming 
that the aggregate structure of comet 67P is similar to 
that of MPACS, UCS values of greater than 200-300 
kPa would better match the reported resistance to 
penetration of > 4 MPa. 
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Figure 1. Summary of MPACS material properties for 
simulant types A, B, C, and D. 
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