Supplemental Information
Experimental

Graphene was grown by chemical vapor deposition (CVD) infiltration onto iron catalyst powders (typical diameters of 20 nm and 100 nm, see Figure S1a and S1b) purchased from American Elements. The iron nanopowder was placed in a 2.5 cm diameter quartz tube in a 3-zone high temperature furnace controlled externally by a three point microprocessor temperature controller (Applied Systems Inc). A mechanical pump was used to provide a vacuum for the system at 10-3 Torr, and the reactor was then back-filled with argon to atmospheric pressure before beginning the deposition experiment. Argon (Matheson, 99.999 % ultra-high purity) was the inert carrier gas, and carbon monoxide (Matheson, 99.9 % research grade) and acetylene (Matheson, 99.6 %) were used as the carbon sources. Carbon monoxide gas was added to prevent the formation of metal carbides as discussed by Goyal et al. 14[]
, though this may not have been critical.  

The quartz reaction tube of the CVD system (Figure S1c) was pumped down to 10-3 torr, backfilled with pure argon, and heated to 800°C at the rates of 10°C and 33°C per minute (33°C is the maximum heating rate of the CVD system used).  As soon as the temperature approached 800°C, the gas flow was switched to acetylene, carbon monoxide, and argon with flow rates of 6, 100, and 300 sccm (standard cubic centimeters per minute) at ambient pressure, respectively. The power was shut down after 30 minutes of reaction time. The system was then allowed to cool under flowing argon. The powder was noticeably darkened by graphene deposition. This was the basic method inspired by processes used successfully to grow nanotubes 
 ADDIN EN.CITE 

[12-14, 16]
, but was varied to elucidate which reaction gases were critical.  Each gas was removed in a run once.  Two runs were performed with methane instead of acetylene. Since methane decomposes at a higher temperature, the synthesis was performed both at 800o C and 985o C. In the case of the most promising run, the product from the CVD reaction was purified using 2 M nitric acid.  The variations of the method are given in Table I.

Use of chemical vapor infiltration was considered a possibility to create nano iron-graphene composites in the same vane as the following references 
 ADDIN EN.CITE 

[12-14, 16]
.  Essentially, graphene is grown directly into a metal pellet containing the catalyst.  The hope was that the graphene would join metal nanoparticles, effectively creating a material with superior mechanical properties in comparison to neat metals. However, this method failed to produce materials of hardness greater than that of pristine, graphene-less samples. Why this is true is open to speculation, but possibly graphene may not reinforce metals as readily as carbon nanotubes due to differences in geometry or how they bound to metals.  Additionally, if the flower model is true, reinforcement is extremely unlikely, as the graphene once formed would rarely ever dissolve into the iron, creating the bonding needed for mechanical enhancement. If the wall model was correct, graphene would be more likely to reinforce the metal, since the graphene is growing directly from a particle and is already joined to it.
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FIG. S1. (a) 20 nm iron purchased from American Elements. (b) 100 nm iron purchased from same source. (c) Diagram of chemical vapor deposition set up used in experiments.
Scanning Electron Microscopy (SEM): SEM images were obtained with a VP-1530 Carl Zeiss LEO (Peabody, MA) field emission scanning electron microscope. The samples were mounted on aluminum stubs using double-sided carbon tape.

Raman Spectroscopy: Raman spectra were obtained using a confocal Horiba-Jobin Yvon LabRam  micro-Raman spectrometer with a 20 mW HeNe laser source emitting at a wavelength of 632.8 nm focused to a spot size of 10 µm with a 10x lens. The Raman conditions for samples A, B, and F are: D2 filter, 300 µm hole, 200 µm slit, and 2x60 sec acquisition time. The Raman conditions for Sample C, D, E, G, and H are: D0.3 Filter, 300 µm hole, 200 µm slit, and 2x15 sec acquisition time. 
Tranmission Electron Microscopy (TEM):  A FEI CM-20 FEG (S)TEM equipped with a Gatan Enfina PEELS spectrometer and an Oxford Max-80 SDD EDS system were used. Samples were suspended in ultra pure methanol at 1 wt% concentration, and a 1 µL drop of the solution was placed on a lacey carbon grid sitting on filter paper.  The TEM grid was then placed in a vacuum oven to dry at 80o C. Energy dispersive x-ray (EDX) and electron energy loss spectroscopy (EELS) analysis were performed in conjunction with STEM DF imaging.
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FIG. S2. 632.8 nm laser excited Raman spectrum of different graphene preparations indicated, the units in the abscissa are in cm-1 and the ordinate axis is the intensity in arbitrary units.
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FIG. S3. Schematic of possible graphene growth mechanism on catalyst nanoparticles: (a) Representative iron catalyst particles before growth, comparable to free standing ‘ovules.’ While only one flat layer is shown, any number of nanoparticles could simultaneously be surrounded by carbon layers which would eventually form graphene. (b) Iron catalyst surrounded by graphene layers, analogous to a flower bulb; and (c) Opening up of the carbon layers to form graphene, similar to a blooming flower petal. An arbitrary location is chosen as to where the carbon layer splits to form graphene, as the split could happen anywhere in the layer.

