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Fig. S1 Temperature and H,/CH, ratio utilized for CHy4, C,H4 and C,H, in the literature-
based CNT growth parameter investigation. Note that, due to incapability of presenting
H,/CH,=0 data points in this logarithmic scale and some reports using alternative
moderating or influencing gas (e.g., NH3) rather than H,, the number of data point in this
map is less than that in the statistical distribution of each individual parameter (i.e.,
number of data point in this figure is less than in Fig.2 and Fig.5 in the main text).
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Fig. S2 Severe side-reactions happened under 10% C,H; (i.e., 50 sccm C,H; in total 500
scem flow rate) at 800 °C. Photograph of the byproducts residual inside the quartz tubing
after CNT growth (a) and zoomed-in photograph of the selected area in (a) exhibited
obvious yellow-color indicative of oily byproducts (b).
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Fig. S3 SEM images demonstrated the morphology evolution of the products temperature
at 10% C,H,4 gas recipe on Fe-Al,O5 substrate catalyst. Micrometer-scale CNT forests
were yielded at 750 °C (a), followed by hundreds-um-scale CNT forests at 800 °C (b),
850 °C (c), 900 °C (d). In contrast, products shifted to other carbon materials at 950 °C (e)
and 1000 °C (f).
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Fig. S4 Non-CNT products yielded at 950 °C (a) and 1000 °C (b and c) with 10% C,H4
gas composition (i.e., 50 sccm C,H, diluted by Ar). At 950 °C, the top layer was a
bundle-like structure and the bottom layer was made up of cheese-like carbonaceous
products, indicating that CNT was grown first then shifted to non-crystalline carbon
materials deposition (a) when catalysts were fully deactivated after going through tough
thermal treatment. SEM image of 1000 °C growth showed that the products were
nanospheres of several hundred nm approximate diameters (b). Those carbon
nanospheres were extremely sticky to the quartz tubing inner-wall and even air-baking
(500 scem air, 850 °C, 1 h) and acetone-wash could not remove them, as presented in (c).
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Fig. S5 Comparison of the average CNT bundle diameter measured from high resolution
SEM images and average individual CNT diameter measured from the TEM images of
the CNT samples grown from 10% C,H, at 800 °C (a and d), 850 °C (b and e) and 900 °C
(c and f). Average diameter (denoted as D) was labeled in each image based on the
counting of N tubes.

The significant difference of the nano-scale morphology of the CNT bundles at different
temperatures suggests more severe gas phase pyrolysis at higher temperature!. At 800 °C,
CNTs tend to be in individual tube form and wrapped loosely together and less aligned.
However, at 850 °C, CNTs wrapped tightly and generated well-aligned CNT bundles.
The 900 °C trial yielded an even wider diameter bundles. Tubes formed at 800 °C and
850 °C were both few-walled CNTs, while 900 °C wall numbers increased sharply and
gave multi-walled CNTs (MWCNTs). Comparing the tube diameters measured in SEM
and TEM images, we found that at 800 °C, tube diameters in SEM images were
approximately equal to the tube diameters in TEM images, while at 850 and 900 °C, tube
diameters in SEM images were about 2 times the tube diameters in TEM images,
indicating the aggregation of few individual tubes to form bundles.
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Fig. S6 Increased CH,4 concentration escalated CNT production at 950 °C on Fe-Al,O3
substrate catalyst. Comparison of the SEM images of the at 10% CH,4 and 50 % CHy (a)
and Raman spectra intensification along with CH, concentration (b) of the substrate
surface both indicated this yield increase. High Resolution TEM (HR-TEM) image (c) of
the 50% CH4 confirmed the presence of MWCNTs.

The increased CNT yield can be revealed from the escalated intensity of Raman spectra.
Along with the increase of CH,4 concentration, the substrate grown from 20% CHy,4
exhibited a weak, defect-derived D-band (approximately 1350 cm™!) and graphite-derived
G-band (approximately 1600 cm™!), whereas at 50% CHy, the D and G band intensity
suddenly ascended (b). The high G/D ratio at 50% CH, implied considerable amount of
graphitic structure in the as-grown products. The crystalline graphitic nanostructures
were proved to be MWCNTs through HR-TEM (d).
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Fig. S7 Comparison of the mass yield of CNT growth from 10% C,H4 with and without
10% H,. At 850 to 900 °C, adding H; either yield equal mass or less mass but higher
forest height, indicating less density CNT products.
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Fig. S8 Comparison of the CNT bundle morphology in high resolution SEM images and
average individual CNT diameter measured from the TEM images of the CNT samples
grown from 10% C,H, and 10% H; at 800 °C (a and d), 850 °C (b and ¢) and 900 °C (c
and f). SEM images didn’t show severe bundle aggregation. Average diameter (denoted
as D) was labeled in each image based on the counting of N.
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Calculation of thermal energy input during CNT growth

Specific heat of the tube furnace insulation material: Cp=1.13 J/(gxK)
Mass density of the tube furnace insulation material: p=210000 g/m?
Wall thickness: w=0.127 m

Ambient temperature To=25 °C

Thermal heat requirement to ramping to Ti

Ti-To
Ql=CpxpXxXwxX

Thermal conductivity A=0.17 W/(m*K)
Heat loss at Ti for t=15 min

Ti-To
Q2=Ax%

*t

For the heating surface area (cylinder shape with D=0.0254 m, L=0.3048 m)
A=nmXDXL

Then, the total energy input (Note that no recycling of heat via heat exchangers is
included in the calculation):

J=(Q1+0Q2) x4
4*10°5 T T T T T T T T T

3.5%10°

3¥10°

2.5%10°

Energy nput (J)

2*¥10°F

25*].05 1 1 1 1 1 1 1 1 |
500 550 600 650 700 750 800 850 900 950 1000

Growth temperature (°C)

Fig. S9 Energy input requirement for single CNT growth process at different
temperatures ranging from 500 °C to 1000 °C

Assumptions:
(1) the temperature deference is from 700 °C to 800 °C
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(2) each growth experiment yield 0.3 mg CNT
(3) production capacity of CNT is 2.2x10° kg?

Then, energy savings (SJ) are calculated as:

SJ

_J(800) -J(700) ‘2
0.3 x 10°

2 x 10°

Based on the data from US Department of Energy, the annual electricity consumption for
a US household was 10812 kWh in 2015.3 The equivalent number of household
electricity consumption from this saved energy, N, is given by:

N

_ SJ
10812 % 3.6 x 10°
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growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l;;/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
CH,
. . an ethanol solution of
I;Z\gl;;el FeCl; (0.03 mol/L) Tube furnace, length:
Zhang& 8 25 min at 900 with a total 1/3x75 2/3%75 2.00 o o s 0.43% coated on the substrates. 1000 °C 1.5 m; outer/inner 15 min Graphene/SW
Wei °oC flow of scem scem : y H,0 Substrate is 500 nm SiO, diameter: 35 mm/31 CNT
200 scem on single crystal silicon mm
; wafer
. . 2,5,15 .
Zhang& ramping to 400 400 400 FeMgAl layered double horizontal quartz tube SN, short aligned
Wei 12 1000 °C mL/min  mL/min no 0.00 Ar mL/min no no hydroxides 1000°C fumnance 30,60 SWCNT
Ajayan 5 Pd particles on SiO, 1000 °C hot wall CVD SWCNT
strands
single-zone
atmospheric pressure
360 1.5 nm Fe+ 3 nm Mo + quartz tube furnace
Hart 2 scem 40scem 0.1 no no 20 nm ALO; 1025°C (ith inside diameter of
22 mm and a 30 scm
long heating zone
300
Homma 19 10 mn Cat 900 air Zf’;xml 85 no 0.00 no no no no Au-Si nanoparticle 1100 °C hot wall furance
Pa
5 min at 600 5 sccm 0.5 nm ALL,O; +0.3- remote plasma CVD
Roberton 38 oC CH, 45 scem 9.00 no no no no 0.50m Fet 5 nm ALO; 600 °C method DWCNT
5 min at 640 5 scem 0.5 nm ALL,O; +0.3- remote plasma CVD
Roberton 38 oC CH, 45 scem 9.00 no no no no 0.5nm Fe+ 5 nm ALO; 600 °C method
Zhang& 29 5 mll’; at 600 hydrogen 20 scem 180 9.00 o o o o patterned Fe ca_talyst 600 °C 2.45 GHz microwave Ih 540 um MWCNT
Wei C plasma scem layer on Aluminum CVD
Zhang & . hydrogen 180 2 nm Fe+2 nm Al+500 microwave plasma
Wei 37 20 min plasma 20 sccm scom 9.00 no no no no am Ni + TiN 600 °C VD MWCNT
Zhang & 180 2 nm Fe+2nm Al+150 microwave plasma
Wei 38 20 scem scem 9.00 no no no no am Ni 600 °C VD
20 scem microwave plasma-
Roberton 35 5 min CH,4+180 ZOCS:Icm SLE& 9.00 no no no no O'SFZTSI;,?]&?Z) nm 650 °C enhanced chemical 10 min 200 um SWCNT
scem Hy 4 23 vapor deposition
20 sccm
20 sccm H0 viaa
Roberton 35 5 min CH,+180  20scem 180 9.00 no no yes needle- 0.5 nm AI+0.5-0.7 nm 650 °C cold wall
CHy sccm valve- Fe+10 nm Al,O3
sccm H,
controlled
inlet
Homma 7 50 sccm 50 sccm 1.00 no no no no }faett(;;xs:llosi\bi::?t?s 700 °C hot filament CVD 5 min SWCNT
single-zone
atmospheric pressure
360 1.5 nm Fe+ 3 nm Mo + quartz tube furnace
Hart 2 sccm 40 soom 0.11 no no 20 nm Al,O3 725°C with inside diameter of
22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
360 1.5 nm Fe+ 3 nm Mo + quartz tube furnace
Hart 2 scem 40 scem 011 no no 20 nm AlL,O3 750°C with inside diameter of
22 mm and a 30 scm
long heating zone
furnace for CVD
experiments consisted
of a quartz tube with a
300 carbon heater mounted
m at Fe,0s. Fe and Ni inside a stainless steel
Homma 2 seom @ sno 0.00 no no no no €2, e a . 750 °C chamber. The SWCNT
100-500 nanoparticles on SiO,
Torr sample(10 mm>10 mm

or smaller) was placed

on a carbon plate (80

mm-diam.) above the
heater

13



Group

Paper #

annea
1 time

anneal gas

CHy

H, flow

Hy
C.H,

growth
enhancer
(Y/N)

Growth
enhancer

carrier carrier

gas gas flow catalyst

Tem.

reactor

growth
time

terminal
length

yield

SWCNT or
MWCNT

Homma

Homma

Homma

Homma

Hart

Roberton

Roberton

Hart

Hart

Hart

Roberton

Roberton

46

10 min at 850
°C

10 min

10 min

10 min

200 mbar
H,

H, at 200
mbar

200 scem
H

200 sccm
H,

300
scem at
67 kPa

300
sccm at
200
Torr

300
scem at
500
Torr

300
scem at
67 kPa

360

scem

3/4x200
mbar

3/4x200
mbar

500
scem
CH,4
500
scem
CH,

no

no

no

no

40 sccm

1/4x200
mbar

1/4x200
mbar

H,/CH4
ratio not
mention

H,/CHy
ratio not
mention

100
sccm

100
sccm

0.00

0.00

0.00

0.00

0.11

0.33

0.33

0.09

0.20

0.20

Fe and Co with a mean
particle size of 30 nm or
Fe,0; with a mean size
of 10 nm on SiO, , or
0.5 and 5 nm thin film
catalyst

no no no no

no no no no Co thin fim on Si pillar

Fe or Co thin films (0.5

no no no no .
to 1 nm) on SiO,

Fe and Co with a mean
particle size of 30 nm or
Fe,O3 with a mean size
of 10 nm on SiO; , or
0.5 and 5 nm thin film
catalyst

no no no no

1.5 nm Fe+ 3 nm Mo +

no no 20 nm Al,O5

no no no no 1 nm Ni+8 nm Al

Bimetallic catalyst films

(1nm Ni over 8 nm Al)
on Si

no no no no

Mo/Fe/Al,O4

Fe/ALO3

1.5 nm Fe+ 3 nm Mo +
20 nm AL,O3

0.1-0.2 nm or 0.7 nm-1.0

no no no no s
nm Ta-oxide/SiO,

no no no no 0.1 nm Fe on SiO,

750 °C
for
plotting
750 °C
to 800
°C

800 °C

800 °C

800 °C

825°C

850 °C

850 °C

875°C

875°C

875°C

900 °C

900 °C

furnace for CVD
experiments consisted
of a quartz tube with a
carbon heater mounted
inside a stainless steel
chamber. The sample
(10 mmx10 mm or
smaller) was placed on
a carbon plate (80 mm-
diam.) above the heater
furnace for CVD
experiments consisted
of a quartz tube with a
carbon heater mounted
inside a stainless steel
chamber
substrates were placed
on the carbon plate
inside a quartz tube
above the heater in the
CVD furnace
furnace for CVD
experiments consisted
of a quartz tube with a
carbon heater mounted
inside a stainless steel
chamber. The sample
(10 mmx10 mm or
smaller) was placed on
a carbon plate (80 mm-
diam.) above the heater
single-zone
atmospheric pressure
quartz tube furnace
with inside diameter of
22 mm and a 30 scm
long heating zone
low pressure chemical
vapor deposition (cold
wall)
low pressure chemical
vapor deposition (cold
wall)
single-zone
atmospheric pressure
quartz tube furnace
with inside diameter of
22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
quartz tube furnace
with inside diameter of
22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
quartz tube furnace
with inside diameter of
22 mm and a 30 scm
long heating zone

hot wall reactor

2 inch hot wall reactor

SWCNT

14



growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
Downer-turbulent
total fluidized-bed reactor;
Fe/MgO catalyst with Fe Downer (1.5 m in
Zhsyg & 6 245 C}]h}a:n(/);" C;I‘O* ‘3“ 0.00 Ar loading of 1% (weight 900 °C length, 20 or 30 mm in
) m /; ratio) diameter) and TFB (50
X mm in diameter and 1
m in length)
Zhang & ramping to 400 400 400 FeMgAl layered double horizontal quartz tube . Graphene/SW
Wei 12 900 °C mL/min mL/min ne 0.00 Ar mL/min no no hydroxides 900°C furnance 10 min CNT
Zhang & 5 min at 900 50 mL/min 500 50 FeMoMgAl lay_ered o horizontal quartz tube
A 13 N . . 0.10 no no no no double hydroxides 900 °C
Wei C H, mL/min mL/min furnance
(LDHs) films
horizontal quart tube
Zh&;‘ egi & 35 ml?/?nin no 0.00 Ar mI??r(r)lin no no Fe/MgO 900 °C furnace (i.d. 35 mm,
length 1200 mm)
three-zone
Lindberg/Blue M
furnace with a 62-cm
Hart 14 0-10 min 200 scom 300 100 0.20 1o 1o 1o 1o 70, goec ~ heatedlengthusing 50- - o
H, scem scem mm inner diameter
fused quartz pr°C ess
tubes with a length of
138 cm
furnace for CVD
experiments consisted
of a quartz tube with a
300 carbon heater mounted
m at Fe,0s. Fe and Ni inside a stainless steel
Homma 2 seom @ no 0.00 no no no no e, e a . 900 °C chamber. The
100-500 nanoparticles on SiO, .
Torr sample(10 mm * 10
mm or smaller) was
placed on a carbon
plate (80 mm-diam.)
above the heater
300 substrates were placed
sccm at Fe or Co thin films (0.5 on the carbon plate
Homma 4 no 0.00 no no no no o 900 °C inside a quartz tube
500 to 1 nm) on SiO, .
Torr above the heater in the
CVD furnace
substrates were placed
300 4 nm Fe;04 on the carbon plate
Homma 5 scem no 0.00 no no no no nanoparticles on SiO, 900 °C inside a quartz tube
by spin-coating above the heater in the
CVD furnace
300 0.05 or 5 mg/mL ferritin
Homma 8 5 min 300 sccm scem at o 0.00 o o o o solutions (a protein shell 900 °C
Ar 500 encasing iron
Torr nanoparticles)
furnace for CVD
experiments consisted
Fe and Co with a mean 900 °C of a quartz tube with a
300 particle size of 30 nm or for carbon heater mounted
Homma 3 scem at o 0.00 o o o o Fe,O; with a mean size plomong inside a stainless steel 1-2 min SWCNT
67 kPa of 10 nm on SiO, , or 900 °C chamber. The sample
0.5 and 5 nm thin film to 950 (10 mmx10 mm or
catalyst °C smaller) was placed on
a carbon plate (80 mm-
diam.) above the heater
Fe and Co with a mean 950 °C
300 particle size of 30 nm or for
Homma 3 scem at no 0.00 no no no no Fe,0; with a mean size plotting
67 kPa . of 10 nm on SiO, , or 900 °C
0.5 and 5 nm thin film to 950
catalyst °C
single-zone
atmospheric pressure
360 1.5 nm Fe+ 3 nm Mo + quartz tube furnace
Hart 2 scem 40 scem 0.1 no no 20 nm Al,O3 925°C with inside diameter of
22 mm and a 30 scm
long heating zone
200 sccm 300 100 0.2 nm-1.0 nm T:
Roberton 12 10 min see scem 0.20 no no no no o & 950 °C hot wall reactor
H, CH, scem oxide/Al,O3
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growth

annea CHy Hy/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H, flow C,H, gas gas flow en(l;;/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
ramping to FeMgAl bifunctional
Zhang & 1 950 °C with /10.0 80 no 0.00 Ar 2/0 . no no layered double oxide 950 °C TGA 15 min
Wei 20 °C /min mL/min Ar mL/min mL/min catalysts
0.05¢ quartz fluidized bed
. FeMgAl bifunctional with inner diameter of .
Zhang & 1 Ar CHy/(eL no 0.00 no no no no layered double oxide 950 °C 50 mm and a height of 90 s+
Wei DOxmi - 810s
1) catalysts 1500 mm, vertical
electric tube furnace
0.15
2CH4/(g
LDOxm
in) in
the first quartz fluidized bed
Zhane & 90s, FeMgAl bifunctional with inner diameter of 30 10 um nitrogen-doped
Wfi 1 Ar then no 0.00 no no no no layered double oxide 950 °C 50 mm and a height of min+30 CNTs aligned
0.03 catalysts 1500 mm, vertical min CNT/graphene
gCH4/(g electric tube furnace
LDO*m
in) for
another
810s
fluidized bed reactor;
Zhang & ramping to 500 400 100 inner diameter of 20 . Vine Tree
Wei 4 950 °C mL/min Ar  mL/min ne 0.00 Ar mL/min no no FeMgAl LDH 930°C m and a height of 500 30 min CNTs
mm
Formamid
¢
. (CH;NO) FeMoMgAl layered .
Zhang & 5 ramping to 100 100 0 0.50 Ar 100 yes in0.1, double hydroxides 9sgoc ~ horizontal quartztube 5 (0 SWCNT
Wei 950 °C mL/min Ar mL/min mL/min mL/min furnance
0.20, (LDHs)
0.50, 1.5,
3.0mL/h
Zhang & ramping to 600 500 100 CoMgAl layered double horizontal quartz tube
Wei o 950 °C mL/min Ar mL/min no 0.00 Ar mL/min 1o 1o hydroxides 930°C furnance
Zhang & ramping to 400 400 400 FeMgAl layered double horizontal quartz tube . Graphene/SW
Wei 12 950 °C mL/min mL/min no 0.00 Ar mL/min no no hydroxides 950°C furnance 10 min CNT
furnace for CVD
300 experiments consisted
scem at Fe thin film on 100 nm of a quartz tube with a
Homma 1 500 no 0.00 no no no no diameter Si pillars 950°C carbon heater mounted
Torr inside a stainless steel
chamber
furnace for CVD
experiments consisted
of a quartz tube with a
300 carbon heater mounted
m at Fe,0. Fe and Ni inside a stainless steel
Homma 2 seem a no 0.00 no no no no €%, T & . 950 °C chamber. The
100-500 nanoparticles on SiO,
Torr sample(10 mm>10 mm
or smaller) was placed
on a carbon plate (80
mm-diam.) above the
heater
300 substrates were placed
. on the carbon plate
Homma 4 seem at no 0.00 no no no no Fe or Co thin ﬁ'”.'s 05 950 °C inside a quartz tube
500 to 1 nm) on SiO, .
Torr above the heater in the
CVD furnace
Zhang & . nano-agglomerated .
Wei 32 Fe(Co/Ni)/Mo/MgO fluidized-bed reactor 60 min MWCNT
cold wall reactor,
200 scem suspended silicon vertically
Hart 5 2 min H, + 200 800 200 025 1o 1o 1o 1o 3.0nm Mo + 1.5 nm Fe platform heater, 300 15 min aligned
scem scem +20 nm ALLO; mm length, 48 mm
sccm Ar . y MWCNT
internal diameter, 52
mm outer diameter
single-zone
atmospheric pressure
Hart 2 o o 1.5 nm Fe+ 3 nm Mo + quartz tube furnace SWCNT

20 nm Al,O3

with inside diameter of
22 mm and a 30 scm
long heating zone

16



growth

annea CHy Hy/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H, flow C,H, gas gas flow en(l‘l;/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
CHy
4/5%15 1/5%1.5 plasma enhanced
Roberton 51 15 min NH3 ) i no no no no 6 nm Ni+20 nm SiO, 450 °C chemical vapor 30 min CNT or CNF
mbar mbar -
deposition
three-zone atmospheric-
g pressure furnace, in a
Hart 12 150 400 2.67 Ar 200 sccm no no 2om Fe+ 30 nm Ta -+ 475°C fused-silica tube with
scem scem 200 nm Cu+5 nm Ta . .
an internal diameter of
22 mm
three-zone hot wall tube
furnace, the gases were
150 400 2nm Fe +30 nm Ta + heated in the first two .
Hart 20 sccm scem 2.67 Ar 200 scem no no 200 nm Cu+5 nm Ta 475°C zones and the growth 30 min
happening at the third
zone
310 sccm 120 310
Hart 20 H, +300 2.58 He 180 sccm no no 1 nm Fe + 10 nm ALO; 525°C cold wall reactor MWCNT
scem scem
sccm He
P& o Fe/Mo/vermiculite 550°C fluidized bed 30 min
200 scem 500 200
Roberton 2 5 min Ar/500 0.40 Ar 500 sccm no no 2 nm Fe/ 10 nmAl,03 600 °C hot wall
scem scem
scem Hp
200 sccm
Roberton 2 5 min Ar/500 500 200 0.40 Ar 500 scem no no 1.7nm Fet0.3 nm Co/l0- o o hot wall
scem scem nm AlLO;
scem Hp
horizontal quartz tube,
35 mm in diameter and
Zhane & ramping to 570 scem 100 1200 mm in length,
W, eﬁ 28 growth Ar+30 scem 30 sccm 0.30 Ar 570 scem no no ferrocene 600 °C two-stage furnace, CNT
temperature sccm H, was grown at the
second stage with 600
mm heat zone
200 scem 500 200
Roberton 2 5 min Ar/500 0.40 Ar 500 sccm no no 2 nm Fe/ 10 nm Al,O3 650 °C hot wall
scem sccm
sccm Hy
200 sccm
Roberton 2 5 min Ar/500 300 200 0.40 Ar 500 sccm no no 1.7nm Fe+0.3 nm Co/10 650 °C hot wall
scem scem nm ALO;
scem Hp
comparison of fixed
Zhane & bed and fluidized bed,
s 21 Fe/Mo/vermiculites 650 °C reactor has an inner 60 min 7.5 cm
Wei .
diameter of 25 mm and
a height of 700 mm;
500
Zhang & . mL/min Ar 100 50 500 — .
Wei 21 10 min +50 mL/min mL/min 0.50 Ar mL/min no no Fe/Mo/vermiculites 650 °C fixed bed 60 min
mL/min H,
upflow of
500 the gaas at
Zhang & 21 10 min ml/min Ar 100 0 0.50 no sufficient no no Fe/Mo/vermiculites 650 °C fluidized bed 30 min MWCNT
Wei +50 mL/min mL/min known R
R velocity
mL/min H,
to cause
mobility
Zhang & P o L .
Wei 23 H, Ar Fe/Mo/vermiculite 650 °C fluidized bed 30 min 10 um
Zh\j\‘/‘cgi & 23 0 m::iff 30 H, Fe/Mo/vermiculite 650 °C fluidized bed 30 min MWCNT
space
velocity
0.05/mi
b 05t01.5
Zhang & 0.15/mi ﬂm :ﬂér 0.22¢
g 23 n; Fe/Mo/vermiculite 650 °C fluidized bed 5 min . CNT/gcat
Wei . 1-5 min .
0.30/mi . after 5 min
n: synthesis
0.45/mi
n;
0.60/mi
n
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growth

Group Paper # zl":i'll:: anneal gas ?1::: H; flow CI-‘IIZ-;, ca;;;er gc:sr:'llz:v en(l;;/;c)er eﬁl::;vct:r catalyst Tem. reactor g:;::sh tel:“mgl:;lal yield S&Vv(él;’;;r
500 L .
. " fluidized bed inner
Zha? egi & 24 ralénspolré%:m mL/+m218 Ar mi?r?lin m LZ/?nin 0.20 Ar mi?r(r)\in no no Fe/Mo/vermiculite 650 °C diameter of 20 mm and
mL/min H, a height of 300 mm
310 scem 120 310
Hart 11 2 min H, +300 scom scem 2.58 He 180 sccm no no 1 nm Fe + 10 nm Al,O3 675 °C cold wall reactor 15 min MWCNT
sccm He
200 scem 500 200
Roberton 2 5 min Ar/500 Ny y 0.40 Ar 500 sccm no no 2 nm Fe/ 10 nm ALOs 700 °C hot wall
scem Hz scem scem
200 sccm 500 200 1.7 nm Fe+0.3 nm Co/10
Roberton 2 5 min Ar/500 0.40 Ar 500 scem no no : . 700 °C hot wall
scem Hy sccm scem nm AlL,Os3
horizontal quartz tube,
35 mm in diameter and
Zhang & ramping to 570 sccm 100 1200 mm in length,
Wei 28 growth Ar+30 scem 30 scem 0.30 Ar 570 scem no no ferrocene 700 °C two-stage furnace, CNT
temperature sccm Hj X was grown at the
second stage with 600
mm heat zone
310 scem 120 310
Hart 11 2 min H, +300 scom scom 2.58 He 180 sccm no no 1 nm Fe + 10 nm ALL,O3 725 °C cold wall reactor 15 min
sccm He
Alkynes
at9.8x1073
174 scem 120 310 e;l(t;r:t 1 nm Fe + 10 nm ALO 051015
Hart 17 4 min He +310 2.58 He 174 scem yes eep Lo 725°C cold wall reactor -
scem Hy scem scem vinyl + 300 nm SiO, min
acetylene
(3x103
atm)
725 °C 1 inch fully automated
for CVD system equiped
Hata 27 1-12% He yes ‘;"gg’;gg) 1.8 nm Fe+40 nm Al,O; %';’;“O"Cg Og;izlasgzgﬁ"f‘:fin
to 825 situ height
°C measurements.
775 °C 1 inch fully automated
for CVD system equiped
Hata 27 1-12% He yes ‘;'gge;r(’i?) 1.8 nm Fe+40 nm AlLO, ‘?;;‘{,“Cg Ogt“i‘g;lasgfslfecr;“f‘;ﬁn
to 825 situ height
°C measurements.
725 °C
Hata 25 750 °C 1:9 He/H, 25 scem He total flow ves wta(:esro(go 1.5 nm Fe + 40 nm plof?t:-ng 1 inch fully automated SWCNT
C,Hy4 500 scem AlLO5 CVD system
ppm) 725 to
900 °C
775 °C
water (50 for .
Hata 25 750 °C 1:9 He/H, 25Cs'c—|cm He tso(;gl flow yes t0 500 L5 nmAFle(;r 40 nm plotting 1 mclé\f;l[l)ly automated
>Hy sccm ,0; system
ppm) 725 to
900 °C
875°C
water (50 for .
Hata 25 750 °C 1:9 He/H, ZSCS;““ He ‘5"0%' flow yes t0 500 13 “mAFng 40nm plotting ! '“C'(‘:\f,“g}f automated
HHy sccm 5,03 system
ppm) 725 to
900 °C
0,0
mol%,
12.5
. 250 scem mol%, quartz tube with inner
Zh&? e & 26 rar;g:;llgcto Ar+200 100 200 2.00 Ar 250 scem yes 22.5%, ! nmll\élgotiln(r)n Fe 730 °C diameter of 30 mm and
e scem Hy seem seem 30.4 m ALDs length of 1200 mm
mol%,
36.8
mol%
200 scem
Roberton 2 5 min Ar/500 SSC(ZIO" 52221 0.40 Ar 500 sccm no no 2 nm Fe/ 10 nm AL,O; 750 °C hot wall 15 min 480;[‘/; 35 MWCNT
scem Hy
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growth

Group Paper # annea anneal gas CHy Hy/ carrier carrier enhancer Growth catalyst Tem. reactor growth terminal SWCNT or
1 time flow C\Hy gas gas flow (Y/N) enhancer time length MWCNT
200 scem
Roberton 2 5 min Ar/500 300 0.40 Ar 500 scem no no 1.7nm Fet0.3 am Cofl0 755 oc hot wall 15min 817756 MWCNT
scem Hy scem nm ALO; um
20
mL/min
,3mL/h
Zhang & ramping to 115 vc\:; ?Ji 115 FeMgAl layered double horizontal quartz tube Graphene/SW
Wei 1 750 °C mL/min Ar into the 125 Ar mL/min no no hydroxides 750°C (inner diameter of 25 10 min CNT
reactor mm)
by
syringe
pump
500 um
250 sccm 1.0 nm MgO + 1.0 nm . using PP
Zhang & 17 10 min Ar+200 100 2.00 Ar 250 scom no no Fe + 10 nm ALO, 7500¢ ~ horizontal quartz tube 0min atd0min MWCNT
Wei sccm . furnance
sccm Hy +Si0, growth
time
ramping up
ramping to under 300 horizontal quartz tube
Zh&;‘i & 20 750°C + 10 mL/min + mi?r?lin 0.17 Ar mIl‘?r(r)lin no no Fe/Mg/Al LDH 750 °C (inner diameter of 25
min 10 min 100 mm)
mL/min Ar
Fhame& g Fe/Mo/vermiculite 750 °C fluidized bed 30 min
CO,0
. 250 sccm mol%, 6.5 quartz tube with inner
Zh\j\‘/‘g. & 2 ‘3‘7“51’0"§gc“’ Art200 100 2.00 Ar 250 scem yes mol%, ! “mll\o’lgo+/il“(‘;1 Fe+ 750°C  diameter of 30 mmand 60 min
a sccm Hy scem 30.4 nm ALOs length of 1200 mm
mol%
Fe nanoparticles from
10-150 Aror from 20 metal thin Stgﬁt?;eed hot wall CVD | inch
Hata 1 4.00 600 sccm yes g 750 °C diameter, 15 inch long 2 min SWCNT
sccm He ppm to Al/Fe, Al,O3 /Fe, Al,O3 heating zone
500 ppm /Co) on Si wafers,
quartz, and metal foil
Hata 3 100 4.00 He 600 scem yes 150 ppm 1.2 nm Fe + 10 nm 750 oC 1 in. diameter quartz 10—_30 up to 2.2 DWCNT
sccm water ALO; tube furnace min mm
He+ H,
Hata 4 10-150 He ~1000 yes water 20- - Fet30nm AbOs +600 550 o hot wall CVD
sccm scom 500 ppm) nm SiO,
Fe nanoparticles made
by colloidal synthesis
100 1000 water( (average size 3.2 nm) .
Hata 6 0.00 He yes 100-150 X . 750 °C 1 inch tube furnace
scem scem dispersed in n-hexane
ppm) and deposited onto Al,O3
by spin coating
water 1.5 nm Fe + 50 nm SiO,
Hata 9 He/H, 50 sccm yes (100 ppm) on 50 nm diameter on Cu 750 °C 1 min
TEM grid
water 1.5 nm Fe + 50 nm SiO, wtos
Hata 9 He/H, 10 scem yes (100 ppm) on 50 nm diameter SiO, 750 °C mm
PP on Cu TEM grid
water
Hata 10 75 scem He+H, ‘°‘Saéclr20° yes (100-150 1 nm Fe+10 nm AlLOs 750 °C
ppm)
water
Hata 10 20 sccm He+H, mt:;:rgoo yes (100-150 1 nm Fe+10 nm AL,O4 750 °C
ppm)
1 inch quartz lateral
He with tub_e furnace but with
100 small water (~0 ) dlf_ferent gas ﬂoyv
Hata 12 0.00 900 sccm yes to ~500 1 nm Fe+10 nm ALO; 750 °C directions: conventional SWCNT
seem v&{atcr ppm) lateral-flow growth,
vapor water top-flow growth,
and top-flow growth
Hsinv;ﬁh water (~0 gas shower system for 500-1000 SWCNT,
Hata 12 10 sccm 0.00 90 sccm yes to ~500 1 nm Fe+10 nm ALO; 750 °C 10 min DWCNT and
water top-flow growth um
vapor ppm) MWCNT
H, /He water .
Hata 19 (40%/60%) 10% yes (100-150 Fe/AlO, 750 °C hot wall reactor 1 min
ppm)
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growth

Group Paper # zl":i'll:: anneal gas ?1::: H; flow CI-‘IIZ-;, ca;;;er gc:sr:'llz:v en(l;;/;c)er eﬁl::;vct:r catalyst Tem. reactor g:;::sh tel:“mgl:;lal yield S&Vv(él;’;;r
1.5 nm/10 nm AlO, on
Hata 19 5 min H, /He He 30 #‘grj’;ﬁ. d“?o‘lr‘)}’;;llsl o 7500C 10 min
CVD"
Fe film (0.5-2.5 nm) and
90% H, in Al ﬁlm((045-2.0 mrf) on SWCNT,
Hata 21 550-750 °C - 1% He 99% 750 °C hot wall reactor DWCNT and
He oxygen plasma treated 5
X TWCNT
nm Aluminum
single-zone
H, atmospheric pressure
/C2H4 uartz tube furnace
Hart 2 ratio not Mo/Fe/Al,O3 730°C wgh inside diameter of
mention 22 mm and a 30 scm
long heating zone
single-zone
H, atmospheric pressure
Hart 2 /C2H4 Fe/ALO; 750 °C quartz tube furnace 15 min 0.9 mm MWCNT
ratio not with inside diameter of
mention 22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
Hart 3 1-5 min Ar+H, 100 300 5.00 Ar 200 scem no no 1:2nm Fe + 20 nm 750 °C quartz fube furnace 60 min 1.8 mm MWCNT
scem scem ALO; with inside diameter of
22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
Hart 3 1-5 min ArtH, 100 500 5.00 Ar 200 scem no no 1.2 nm Fe - 20 nm 750 °C quartz tube fumace 15 min
sccm scem ALO; with inside diameter of
22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
Hart 3 1-5 min ArtH, 10-75 00 1900 Ar 200 scom no no 1-2nm Fe +20 nm 7500c duartz tube fumace 15 min
scem scem AlO5 with inside diameter of
22 mm and a 30 scm
long heating zone
single-zone
atmospheric pressure
Hart 3 1-5 min ArtH, 75-200 500 333 Ar 200 scem no no 1.2 nm Fe - 20 nm 750 °C quartz tube furace
sccm scem ALO; with inside diameter of
22 mm and a 30 scm
long heating zone
Hart 6 12 “m/flj(; 10nm 750 °C hot wall CVD MWCNT
iron oxide nan°C luster
arryas templated by a
Hart 6 PS-b-PAA micellear film 750 °C hot wall CVD
onto an Al,O; -coated Si
substrate
three-zone
Lindberg/Blue M
400 scem furnace with a §2-cm )
Hart 14 0-10 min He + 1600 400 1600 400 He 400 scem no no 710, 7500c ~ Deated length using 50- 10 min+
) scem scem mm inner diameter 20 min
scem Hy fused quartz pr°C ess
tubes with a length of
138 cm
Hart 16 He/H, no no 1 nm Fe + 10 nm Al,O5 750 °C cold wall reactor MWCNT
400 scem .
Hart 24 5 min H, +150 100 400 4.00 Ar 150 sccm no no 1.2 nm Fe + 10 nm A,O3 750 °C 2 in. quartz tube
scem scem furnace at atmosphere
sccm Ar
water
Ajayan 27 Sig?n 51221 4.00 Ar 500 seem yes (f‘y"l‘gd 15 “m/flj(; 10;m 750 °C hot wall CVD
scem Hy )
Ar and H, hot wall CVD 1 inch
Hata 2 (total 1000 10 sccm no no Fe and Co-Mo catalyst 750 °C diameter, 15 inch long 15 min SWCNT
sccm) heating zone
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growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
60
mL/min
C2H4 +
50
mL/min
N
150 for CNT
at 750 .
150 oC mL/min growth, N-doped
Zhang & ramping to mL/min Ar y ramp Fe/Mo bifunctional 950 °C hot wall horizontal .
Wei 2 750 °C +120 after Ar from 750 1o 1o catalyst for quartz tube 15 min SWCNT/Graph
. ramping ene Hybrids
mL/min H, °C to 950 graphen
t0 950 e
°C, 120 ru?)vth
mL/min g
CH4+1
50
mL/min
Ar for
30 min
water 730°C
15% of 85% of with a for
Ajayan 16 Ar/H, Ar Ar/H, Yes . 1-3 nm Fe + 5-20 nm Al plotting hot wall CVD
. . dew point
mixture mixture 750-800
of -20 °C oC
Cc0o20
mol%,
12.5
. 250 sccm mol%, quartz tube with inner
Zhang & 26 ramping to Ar+200 100 200 2.00 Ar 250 sccm Yes 22.5%, 1 nm MgO+1 nm Fe + 770 °C diameter of 30 mm and
Wei 750 °C sccm sccm 10 nm AlL,O4
scem Hy 304 length of 1200 mm
mol%,
36.8
mol%
three-zone atmospheric-
pressure furnace, in a
Hart 8 150 no 0.00 Ar 600 sccm no no 1:2nm Fe + 10 nm 770 °C fused-silica tube with 15 min MWCNT
scem AL, : ;
an internal diameter of
22 mm
three-zone atmospheric-
pressure furnace, in a
Hart 8 150 400 2.67 Ar 200 scom no no 1.2 nm Fe + 10 nm 770°C  fused-silicatube with > 1030
sccm sccm ALO; . . min
an internal diameter of
22 mm
400H, + 100 400 1;3;2221?21; ‘é?ﬁi‘if
Hart 9 10 min 100 sccm 4.00 He 100 sccm no no 1 nm Fe + 10 nm ALL,O; 775 °C . 5
He sccm scem diameter, 12 in. heated
length)
310 sccm 120 310
Hart 11 2 min H, +300 2.58 He 180 sccm no no 1 nm Fe + 10 nm Al,O3 775 °C cold wall reactor 15 min
scem scem
sccm He
100 sccm 100 400 single-zone
Hart 15 10 min He + 400 4.00 He 100 scem no no I nm Fe + 10 nm ALO; 775 °C atmospheric pressure MWCNT
sccm sccm
scem Hy tube furnace
100 400 horizontal tube furnace
Hart 18 4.00 He 100 sccm no no 1 nm Fe + 10 nm ALL,O3 775 °C (22 mm inner diameter,
scem scem
300 mm heated length)
310 sccm
Hart 22 2 min H, + 300 120 310 2.58 He 180 sccm no no 1 nmFe +10 nm ALO; 775 °C cold wall reactor
scem scem + 300 nm SiO,
sccm He
400 sccm
Hart 26 10 min He + 100 100 100 1.00 He 100 scem no no InmFe+10mm ALO; o750 hotwall CVD, 300mm 0,
sccm sccm +300 nm SiO, heated region
scem Hp
400 sccm
Hart 27 10 min He + 100 100 100 1.00 He 100 sccm no no InmFe+10mm ALOs o750 hotwall CVD, 300mm 0,
sccm sccm +300 nm SiO, heated region
sccm H,
400 scem 0, and
. + .
Hart 27 10 min He + 100 100 100 1.00 He 100 sccm yes generate 1'nm Fe +10 nm AlLOs 775 °C hot wall CVD, .300 mm 20 min
scem scem +300 nm SiO, heated region
scem Hy H,0
400 H, + 100 100 Blade casting ferrofluid H(ozr;zonta}]t)ulgeogumace
Hart 28 10 min 100 scem 1.00 He 400 scem 1o 1o solution on 10 nm ALO; 775 °C mm 15, 5L mm 15 min
scem scem . heated length) at
He + 300 nm SiO,

atmospheric pressure
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. . growth .
annea CHy Hy/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H, flow C,H, gas gas flow en(l;;/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
horizontal tube furnace
100 sccm with a 25 mm OD
Hart 29 10 min He + 400 100 100 1.00 He 400 scem 1o 1o catalyst + 10mm ALOs 29500 quartz tube (22 mm ID,
scem scem + 300 nm SiO,
scem Hy 300 mm heated length)
at atmospheric pressure
400 sccm hot wall tube furnace
Hart 30 10 min H, + 100 100 100 1.00 He 400 scem 1o 1o 1nm Fe + 10 nm Al,0; 775 °C with rapid sample
sccm scem + 300 nm SiO, . . B
sccem He insertion mechanism
15% of 85% of
Ajayan 28 Ar/H, Ar Ar/H, yes water 1.5 nm Fe + 10 nm Al 775 °C hot wall CVD
mixture mixture
5%x2000
scem Hy +
95%%2000
scem He
after 15
min, then
various
water (0-50
. . 0.025%- . . quartz tube furnace .
Hata 29 15 min+5 min p\]?:;i)oz:;d 0.25% no He no no Fe nanoparticle on SiO, 780 °C (inner diameter 80 mm) 15 min MWCNT
hydrogen
(0-2%)
was
introduced
to the
reactor for
5 min
CO,0
mol%,
125
. 250 scem mol%, quartz tube with inner
Zhang & 26 ramping to Ar+200 100 200 2,00 Ar 250 scem ves 22.5%, InmMgO+lnmFe+ 29500 giameter of 30 mm and
Wei 750 °C scem scem 10 nm AlL,O4
scem Hy 304 length of 1200 mm
mol%,
36.8
mol%
ferr°C ene, substrates horzontal quartz tube .
. 760 sccm . y . S g CNT species
Zhang & ramping to 100 consisting of 50% SiO, , y 25 mm in diameter and .
Wei 34 800 °C Ar+40 scem 40 sccm 0.40 Ar 760 sccm no no 30% AL,05 , and 20% 800 °C 1200 mm in length with 15 min depends on the
sccm Hy Fe load
Zr02 two-stage furnace
0-3.0
%1073,
Hata 28 peak at yes water 1.8 nm Fe+40 nm ALO; 800 °C hot wall CVD 2 min SWCNT
6.0x10*
mol/cm
2/min
Hart 23 120, 310 2.58 He 180 sccm no no I'nm Fe +10 mm AlLOs 800 °C cold wall reactor 15 min
scem!’ scem +300 nm SiO,
Hart 25 120 310 2.58 He 180 scem 1o 1o 1nm Fe + 10 nm Al,0; 800 °C cold wall reactor 10 min
scem scem +300 nm SiO,
horizontal quartz tube,
35 mm in diameter and
Zhang & ramping to 570 scem 100 . 1200 mm in length,
Wei 28 growth Ar+30 scem 30 sccm 0.30 Ar 570 sccm no no Ferrocene 800 °C two-stage furnace, CNT
temperature sccm Hy was grown at the

second stage with 600
mm heat zone
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growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
water
(100
ppm),
water
vapor of
100 ppm
200 scem was
Hata 16 15 min He + 1800 100 900 9.00 He 1000 v supplied 0.8-3.0 nm Fe + 40 nm 810 °C 3 in. quartz tube
scem scem scem by AlLO3 + 600 nm SiO, furnace
sccm Hy .
passing
1000
sccm He
carrier gas
through a
‘water
bubbler
cold wall reactor,
400 scem suspended silicon
. 115 400 Aror platform heater, 300 . tangled films
Hart 4 5 min H, + 140 scem scem 3.48 co 100 sccm no no 1 nm Fe + 10 nm AL,O3 810 °C mm length, 48 mm 15 min of SWONT
sccm Ar . y
internal diameter, 52
mm outer diameter
cold wall reactor,
suspended silicon
400 sccm
Hart 5 5 min H, + 140 115 400 3.48 Ar 140 scem no no 1 nm Fe + 10 nm ALO; 825 °C platform heater, 300 MWCNT
sccm sccm mm length, 48 mm
scem Ar . .
internal diameter, 52
mm outer diameter
310 scem
Hart 7 H, +300 120 310 2.58 He 180 sccm no no 1'nm Fe +10 nm AlLOs 825°C cold wall reactor 15 min MWCNT
sccm scem +100 nm SiO,
sccm He
0.9 mm in
310 sccm 120 310 the
Hart 9 2 min H, +300 2.58 He 180 sccm no no 1 nm Fe + 10 nm AlL,Os 825°C cold wall reactor 30 min moving- MWCNT
scem sccm
sccm He growth
system
200 600
Hart 10 3.00 He 500 scem no no 1 nm Fe + 10 nm Al,O4 825°C cold wall reactor MWCNT
sccm scem
310 sccm 120 310
Hart 11 2 min H, +300 2.58 He 180 sccm no no 1 nm Fe + 10 nm Al,O5 825 °C cold wall reactor 15 min
sccm scem
sccm He
ethanol
(C,HsOH) Fe,03 nanoparticles on single-zone
, 50 sccm Montmorillonite (MTM) atmospheric pressure
400 sccm 100 400 He was and Pol uartz tube furnace
Hart 19 10 min H, +100 4.00 He 100 scem yes ; oY 825 °C dnartz tuoe. 15 min
scem He sccm sccm diverted (dyallyldimethyl with inside diameter of
through ammonium chloride) 22 mm and a 30 scm
the (PDDA) long heating zone
bubbler
90% H, in ~100 ppm
Hata 26 500-950 °C He at 500- 50 sccm no 0.00 He 950 sccm yes watlzl: 1.5 nm Fe + 30 nm AlOx 840 °C hot wall CVD
4000 sccm
Zh\j\‘/‘cgi & 23 Fe/Mo/vermiculite 850 °C fluidized bed 30 min
310 scem 120 310
Hart 11 2 min H, +300 2.58 He 180 sccm no no 1 nm Fe + 10 nm Al,O5 875 °C cold wall reactor 15 min
sccm sccm
sccm He
Zh&? e% & 23 Fe/Mo/vermiculite 950 °C fluidized bed 30 min
500 scem not single zone atmospheric
Hart 1 1 min H, + 200 100 300 5.00 Ar 200 scem no no 1.2nm Fe + 10 nm mention pressure quartz tube
sccm scem ALO;
sccm Ar ed furnace
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growth

Group Paper # zl"tlinnf: anneal gas ?1’;:: H; flow CI-‘IIZ-L ca;;;er gc:sr;'llz:v en(l;;/;c)er eﬁl::;vct:r catalyst Tem. reactor g:;::sh telangltnl:i ! yield S&Vv(él;;;r
water
(100
ppm),
water
vapor of
100 ppm
200 scem 100 900 1000 sul\;v;l?ed 0.8-3.0 nm Fe + 40 nm 3 inch quartz tube
Hata 22 15 min He + 1800 9.00 He yes s . 1 min
scom H, scem scem scem b){ AlLO3 + 600 nm SiO, furnace
passing
1000
sccm He
carrier gas
through a
‘water
bubbler
water (50
Hata 24 25 scem He ?gglsigr‘: yes to 500 L5 nm:lj(;; 40 nm
70 scem ppr)
Hart 13 2min He+330 70 sccm 53:321 4.71 no no no no liljggpfg(—)(;?x:lm cold wall reactor 15 min
scem
300 0.59
mL/min Y
gG/SWCN
Zhang & 3 ramping to 500 Cg(;_r' 4 50 017 Ar 200 o o Tx&?ﬁﬁﬁzz‘:: 15 min Ts/gcat to Graphene/SW
Wei 950 °C mL/min Ar mL/min ’ mL/min 4 0.97 CNT
and 100 (LDHs)
mL/min gG/SWCN
NH; Ts/gcat
CyH,
plasma enhanced
Roberton 51 NH; 4;51;;5 151; ;r.s 1o 1o 1o 1o 6 nm Ni+20 nm SiO, 120 °C chemical vapor Ih CNT or CNF
deposition
30 scem 200 ) plasm;?~ enhanced
Roberton 52 NH; OH scem no no no no 6 nm Ni + 70 nm Cr 200 °C chemical vapor
22 NH; deposition
4/5x1.5  1/5%1.5 ) ) plasma enhanced
Roberton 51 NH; mbar mbar no no no no 6 nm Ni+20 nm SiO, 270 °C chemical vapor CNT or CNF
deposition
NHj; at 0.6
mbar to 20
Roberton 49 15 min mbar or H no 0.00 no no no no Fe or Al/Fe+ Al+SiO, 350°C thermal CVD at cold
at 0.6 mbar wall conditions
to 100
mbar
NH; at 0.6
mbar to 20
Roberton 49 15 min mbar or H, no 0.00 no no no no 0.3 nm Fe+ AI+SiO, 400 °C thermal CVI? a t cold
at 0.6 mbar wall conditions
to 100
mbar
NHj; at 0.6
mbar to 20
Roberton 49 15 min mbar or Hy 5 sccm no 0.00 no no no no 0.1 nm Fe + Al+SiO, 420 °C thermal CV]? .at cold 5 min
at 0.6 mbar wall conditions
to 100
mbar
200 2.5 nmCo+0.25, 0.50 or
Roberton 3 ramph})g to 200 scem scem no 0.00 no no no no 1.0 nm AL+5.0 nm 450 °C cold wall 3min 300 nm MWCNT
450 °C NH; CH, Mo+40 nm cu on 200
nm SiOy
ramping up fo Co (1.5 nm, 2.5 nm, 4.0
Roberton 8 450°C with3  H, or NH3 Ar 1o 1o nm) + Mo (0 or 0.8 450 °C cold wall MWCNT
oC Js nm)+Ti (0, 3.0 nm or 5.0
nm)+ Cu (40 nm)
200 sccm 200 . .
Roberton 8 NH sccm no 0.00 no no no no 2.5 nm Co+3.0 nm Ti 450 °C cold wall 3 min 0.45 um MWCNT
3 CH,
200 sccm 200 . .
Roberton 8 NH, chcm no 0.00 no no no no 2.5 nm Co+5 nm Ti 450°C cold wall 3 min 0.78 um MWCNT
2Hy
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growth

annea CHy Hy/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
200 sccm 200 2.5 nm Co+0.8 nm
Roberton 8 . sccm no 0.00 no no no no i -~ 450°C cold wall 3 min 0.21 um MWCNT
NH; CH Mo+3.0 nm Ti
2112
200 sccm 200 2.5 nm Co+0.8 nm
Roberton 8 scem no 0.00 no no no no : s~ 450 °C cold wall 3 min 0.40 um MWCNT
NH; CH Mo+5.0 nm Ti
2112
200 scem 200
Roberton 8 NH scem no 0.00 no no no no 2.5nm Co+5.0 nm Ti 450 °C cold wall 3 min 0.92 um MWCNT
? CH,
200 sccm 200
Roberton 8 NH scem no 0.00 no no no no 2.5 nm Co+5.0 nm Ti 450 °C cold wall 10 min 1.3 um MWCNT
3 C,H,
200 sccm 200
Roberton 8 Ni{ sccm no 0.00 no no no no 2.5 nm Co+5.0 nm Ti 450°C cold wall 30 min 1.5 um MWCNT
3 CoH,
200 scem 200 2.5 nm Cot0.8 Mo+5.0
Roberton 8 scem no 0.00 no no no no ’ . : 450°C cold wall 3 min 0.4 um MWCNT
NH; CH nm Ti
212
200 scem 200 2.5 nm Co+0.8 Mo+5.0
Roberton 8 scem no 0.00 no no no no : . : 450 °C cold wall 10 min 0.5 um MWCNT
NH; CH nm Ti
22
200 scem 200 2.5 nm Co+0.8 Mo+5.0
Roberton 8 scem no 0.00 no no no no . . . 450 °C cold wall 30 min 0.89 um MWCNT
NH; CH nm Ti
2H
200 scem 200 2.5 nm Co+0.8 Mo+5.0
Roberton 8 sccm no 0.00 no no no no . . . 450 °C cold wall 100 min 1.8 um MWCNT
NH; CH nm Ti
22
1000 scem
Roberton 10 5 min Ar + 500 10 scem 500 50.00 Ar 1000 no no 1 nm Fe/10 nm Al,O5 450 °C hot wall reactor 10 min 0
scem H CoHy scem sccm Ar
2
1000 sccm
Roberton 10 5 min Ar+s500  10seem 500 50.00 Ar 1000 no no Inm Fe/l0 nm plasma 5 oc hot wall reactor 10 min 0
scem H, CoHy scem sccm Ar treated ALL,O3
. 200
ramping up to 200 sccm 3 2.5 nm Co+0.8 nm i .
Roberton 14 400 to 550 °C NH, chc:In no 0.00 no no no no Mo+5 nm Ti 450 °C cold wall reactor 3 min 0.38 um MWCNT
2H
ramping up to 200 sccm 200 2.5 nm Co+0.3 nm
Roberton 14 400 t0 550 °C NH, scccl_rln no 0.00 no no no no Mot5 nm Ti 450°C cold wall reactor 3 min 0.58 um MWCNT
22
. 200
Roberton 14 ramping up to 200 scom sccm no 0.00 no no no no 2.5 nm Co+5nm Ti 450 °C cold wall reactor 3 min 0.83 um MWCNT
400 to 550 °C NH; CH
2812
. 45x15  15%L5 . , plasma enhanced .
Roberton 51 15 min NH3 mbar mbar no no no no 6 nm Ni+20 nm SiO, 450 °C chemical vapor 30 min CNT or CNF
deposition
Roberton 19 480 °C lliln}l;ar 20Crr1\_?ar no 0.00 no no no no ! nmnl:g;nI:I;,S?o on 480 °C cold wall reactor
3 2H -
Roberton 19 480 °C lliln}l;ar 20Cn11-;)ar no 0.00 no no no no I'nm Fe, Nléico on poly- 480 °C cold wall reactor
3 2112
[.l[ooa;n;gl(') 0.5 0.5 nm or 1 nm Ni, Co,
Roberton 27 5 min ZW de mbar no 0.00 no no no no Fe+100 nm TiN + 200 480 °C cold wall 15 min
CoHy nm SiOy
plasma
. 200
ramping up to 200 sccm 2.5nm Co+0.8 nm
Roberton 14 400 to 550 °C NH, qccc}rln no 0.00 no no no no Mo+5 nm Ti 500 °C cold wall reactor
2H
0.5- 1-5%10- Ni, Au, Fe, or Pd+ 30 200 um-
Roberton 32 0.8mbar 3 mbar no 0.00 no no no no nm SiOx onto TEM 500 °C cold wall chamber 5 min MWCNT
. 1400 um
NH; CoHy grids
-3
Roberton 39 5 min NH; ZI-SHI)L(‘? no 0.00 no no no no 0.5 nm F::Slioonm ALOs 500 °C cold wall reactor
2
NHj; at 0.6
mbar to 20 .
0.1 nm Fe + Al+SiO; or
Roberton 49 15 min mbar or Hy 5 scem no 0.00 no no no no 0.3 nm Fe or Al/Fe (0.5 500 °C thermal CV]? .at cold
at 0.6 mbar m)/Al (top, 0.2 nm) wall conditions
to 100 *
mbar
plasma enhanced
Roberton 51 NH3 4;51];1"_5 1;51;;.5 no no no no 6 nm Ni+20 nm SiO, 500 °C chemical vapor
deposition
ramping up to
Roberton 17 520°C in 10 192 scem 8 scem <1 92 24.00 no no no no 0.3 nm to 3 nm Fe/Al,0; 520 °C cold wall reactor 3 min DWCNT and
oC /s H, CyH, sccm MWCNT
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growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
102 .
mbar in pone1n
the first the ﬁ.rst
. 10 min,
0.1 mbar 10 min, then
Hart 14 15 min ’ H a then 5/6*00 5 5.00 no no no no Zr02 530°C low-pressure cold wall 20 min
2 1/6x0.2 X
: mbar in
mbar in
the next
the next 20 min
20 min
ramping up to 200 sccm 200 2.5 nm Co+0.8 nm
Roberton 14 400 to 550 °C NH, sccc}rln no 0.00 no no no no Mot5 nm Ti 550 °C cold wall reactor
2H
20 scem
Roberton 24 3 min Ar/50 scem | scem 50 scem 50.00 Ar 20 scem no no 1-1nm Fe + 10~20 nm 550 °C hot wall reactor 20_.30
H CH, Ar ALLO; min
2
300 scem 10 scem 500 Atmospheric pressur
Roberton 26 3 min H, /200 see 50.00 Ar 200 scem no 1o 1.1 nm Fe + 100 nm Ta 550 °C ospheric pressure 40 min
scom Ar CoH, scem hot wall reactor
0.5 mbar 50 scem 200 plasma enhanced
Roberton 50 15 min lNH oH scem no no no no Fe, Co, Ni catalyst film 550 °C chemical vapor 10 min
3 2 NH; deposition
Homma 29 3 Pa/h no 0.00 no no no no 0.5 nm Co 550 °C Environmental TEM
10 500 200 0.5-1nm Fe+10 nm
Roberton 33 ot em 50.00 Ar e 1o no ALO; +200 nm thermal ~ 560°C 2 inch hot wall reactor
2112 .
SiO,
500 sccm .
Roberton 26 3 min H, /200 10 scem 300 50.00 Ar 200 scem no no 1.1 nm Fe + 100 nm Ta 565 °C Atmospheric pressure
scom Ar CoH, sccm hot wall reactor
500 scem .
Roberton 26 3 min H, /200 10 scem 300 50.00 Ar 200 sccm no no 1.1 nm Fe + 100 nm Ta 575°C Atmospheric pressure
scom Ar CyH, scem hot wall reactor
4x104
Roberton 26 no no mbar no 0.00 no no no no Fe+100 nm Ta 580 °C Low pressure cold wall 10 min
CoH,
0.8
Roberton 26 5 min H, plasma mbar no 0.00 no no no no 1.1 nm Fe + 100 nm Ta 580 °C cold wall 10 min
C,H,
. 200 sccm 5 scem 195 .
Roberton 29 5 min H CH scem 39.00 no no no no 1 nm Fe+ 25 nm CoSi, 580 °C cold wall reactor <10 um MWCNT
2 22 S
-5
Roberton 39 5 min 8;11)21. no 0.00 no no no no 0.5 nm Fe+10 nm ALL,O; 580 °C high vacuum cold wall
-3
Roberton 39 5 min NH3 ZISI:;;? no 0.00 no no no no 0.5 nm F::S]i(z)nm ALOs 580 °C cold wall reactor
2
H 8x10-4
Roberton 40 sputt ezring mbar no 0.00 no no no no 0.5 nm Fe+150 nm SiO, 580 °C UHV cold wall 5 min
CH,
1 mbar 2x107
Roberton 45 480 °C NHa mbar no 0.00 no no no no Ni or Fe on SiOx 580 °C ETEM
: CoH,
0.5 nm, 1 nm, 2 nm, 3
10 min at 600, 103 mbar 102 nm, 4 nm, 5 nm Fe on .
Roberton 5 650, 700 °C H mbar no 0.00 no no no no TiN and poly-crystalline 600 °C cold wall 15 min MWCNT
PtSi films
1000 sccm
Roberton 10 5 min Ar+500 wcsifm SO?H 50.00 Ar I?T?(Lr no no 1 nm Fe/10 nm ALO; 600 °C hot wall reactor 10 min 620 um
scom H, >H, sccl sccl
1000 scem
Roberton 10 5 min Ar +500 10 scem 500 50.00 Ar 1000 no no I'nm Fe/10 nm plasma 600 °C hot wall reactor 10 min 720 um
C,H, sccm sccm Ar treated Al,O4
scem Hy
1 mbar 20 mbar . . . DWCNT and
Roberton 19 600 °C NH; C,H, no 0.00 no no no no 1 nm Fe, Ni, Co on Si 600 °C cold wall reactor 15 min MWCNT
Roberton 19 600 °C lgln}l;ar 2()Cn£})ar no 0.00 no no no no 1 nm Fe, Ni, Co on Si 600 °C cold wall reactor
3 2H
Roberton 22 3 min at 600 500 scem 20 scem 480 24.00 no no no no 20 nm COS]Z. + 200 nm 600 °C cold wall reactor 3 min 6.099 SWCNT
oC H, CoH, sccm polycrystalline silicon um
300 scem 10 scem 500 Atmospheric pressure
Roberton 26 3 min H, /200 50.00 Ar 200 scem no no 1.1 nm Fe + 100 nm Ta 600 °C P P!
scom Ar CoH, sccm hot wall reactor
]}{O()a:;bgg 0.5 0.5 nm or 1 nm Ni, Co,
Roberton 27 5 min ZW do mbar no 0.00 no no no no Fe+100 nm TiN + 200 600 °C cold wall
C,H, nm SiO,
plasma
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growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
H 4x108
Roberton 40 . mbar no 0.00 no no no no 0.4 nm Fe+150 nm SiO, 600 °C UHV cold wall 5 min
sputtering CH
2112
100 scem 100
Roberton 44 5 min Se¢ scem no 0.00 no no no no 1 nm Ni on HGTS 600 °C 10 min MWCNT
H, plasma
CoH,
Ni islands -3
formed upon 810 Ni on SiO, nanopower
Roberton 47 med up no mbar no 0.00 no no no no 2 op 600 °C ETEM 15 min
raising the CH on TEM grids
temperature 2
1/2 of 1/2 of -
Homma 20 total total 1.00 no no no no 1 nm Fe + SiO, 600 °C in situ TEM, low
pressure
flow flow
1/2 of 1/2 of
Homma 24 total total 1.00 no no no no Fe and Mo in SiO, 600 °C Environmental TEM 30 min
flow flow
8x103
Roberton 45 mbar no 0.00 no no no no Ni on SiOx 615°C ETEM 15 min SWCNT
CH,
1x107 5x103
3 -
Roberton 18 heat to 629 °¢ 310 mbar mbar no no no no 1 nm Fe + 2 nm Ta 620 °C cold wall reactor 15 .45 MWCNT
, 5-45 min mbar NH; min
C,H, NH;
20 sccm
Roberton 24 3 min Ar/50 sccm 1 scem 50 scem 50.00 Ar 20 scem no no 1. nm Fe + 10~20 nm 625 °C hot wall reactor
H CyH, Ar ALOs
500 scem .
Roberton 26 3 min H, /200 10 scem 300 50.00 Ar 200 scem no no 1.1 nm Fe + 100 nm Ta 625 °C Atmospheric pressure
CoH, sccm hot wall reactor
scem Ar
0.5 nm, 1 nm, 2 nm, 3
10 min at 600, 103 mbar 102 nm, 4 nm, 5 nm Fe on .
Roberton 5 650,700 °C H, mbar no 0.00 no no no no TiN and poly-crystalline 650 °C cold wall 15 min
PtSi films
0.5, 1.0, or 2.0 nm high
purity Ni, Co, or Fe ora
1000 scem L
Roberton 15 5 min Ar + 500 5,8, 10, 500 50.00 Ar 1000 no no combmdthn of two of 650 °C hot wall reactor 5 10.’ 15
15 scem scem scem Ar them (in equal min
scem Hp .
proportions) and same
total thickness
Roberton 16 3 min 500 scem 20 scem 480 24.00 no no no no 1-4nm Fe on 6 nm 650 °C cold wall reactor 5 min MWCNT
H, CH, scem ALO;
20 sccm
Roberton 24 3 min Ar/50 sccm I scem 50 sccm 50.00 Ar 20 scem no no 1.1 nm Fe + 10~20 nm 650 °C hot wall reactor
H, C,H, Ar ALO;
. 0.1-0.5 % 0103 I nm Fe + 15 nm CoSi2+ ,
Roberton 25 10-60 min Co mbar no no no no X 650 °C low pressure cold wall 90 min
mbar CH, NH3 200 nm poly-Si
. 150-250 2% 150-250 1 nm Fe + 15 nm CoSi2+ Near atmospheric .
Roberton 25 90 min mbar CH mbar no no no no 200 nm poly-Si 650 °C ressure cold wall 30 min
Ar:H, HH, Ar:H, poly- pressure co
1000 . .
o
Roberton 25 3 min 1000 mbar 2% mbar o o o o 1 nmFe + 15 nm C(?SlZ+ 650 °C Atmospheric pressure 30 min <10 um
Ar:H, C,H, ArH 200 nm poly-Si hot wall reactor
:Hy
500 sccm .
Roberton 26 3 min H, /200 10 seom B 50.00 Ar 200 sccm no no 1.1 nm Fe + 100 nm Ta 650 °C Atmospheric pressure
C>H, sccm hot wall reactor
scem Ar
0.1 mbar 2102 Medium pressure cold
Roberton 26 20 min ’ mbar no 0.00 no no no no 1.1 nm Fe + 100 nm Ta 650 °C edium pressure co 5-10 min
H, CoH, wall
Ar/H, 0.5 nm or 1 nm Ni, Co,
Roberton 27 30 min =30:10 1 scem 10 scem 10.00 Ar 30 sccm no no Fe+100 nm TiN + 200 650 °C XPS chamber
scem nm SiO,
200 scem 10 scem 500 200 sccm 1 nm Fe+ 10 nm ALO hot wall reactor (2 inch
Roberton 30 15 min Ar/500 50.00 Ar no no e 650 °C . 30 min
CyH, scem Ar or 20 nm CoSi2 diameter)
sccm H,
colloidal palladium
0.6 mbar 1/5%0.7 4/5%0.7 nanoparticles (mean plasma-enhanced 503
Roberton 31 10 min lNH3 mbar mbar no no no no particle diameter of 2.4 650 °C chemical vapor min
C,H, NH; nm)+ mesoporous thin deposition
films
. 200 sccm 5 scem 195 0.5 nm Al+0.5-0.7 nm .
Roberton 35 5 min H, CoHy scom 39.00 no no no no Fe+10 nm ALO; 650 °C hot wall 90 min 1400 um
. 200 scem 5 scem 195 0.5 nm Al+0.5-0.7 nm .
Roberton 35 5 min H, CH, scom 39.00 no no no no Fe+10 nm ALOs 650 °C hot wall 10 min 200 um
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growth

annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
stainless steel (317-2R)
200 sccm 200 . plasma-enhanced
Roberton 36 15 min NH; (0.6 SOCS;:_fm scem no no no no ;rRitamlteiis stie;l (3bl 71; 650 °C chemical vapor 20 min 5um MWCNT
mbar) 2 NH; coated with cobal deposition
colloid nanoparticles
200 scem
Roberton 43 3 min Ar/500 10 sccm Sf:ggl 50.00 Ar 200 sccm no no ! mi I;ggl:n?g:g 10 650 °C 2 inch hot wall reactor 30 min 200 um
scem Hp 2
200 scem
Roberton 43 3 min Ar/500 10 scem sf:(c)& 50.00 Ar 200 sccm no no ! mi ;85]:;1;8 10 650 °C 2 inch hot wall reactor 30 min 400 um
sccm Hy h 2
200
Milne 4 75 scem scem 5nm Ni+ 20 nm SiO, 650 °C plasma-enhanced CVD ~4 um MWCNT
NH;
15% of o ¢
Ajayan 14 total no 0.00 Ar 108121/" ﬂ(;iv 650 °C hot wall CVD
flow
700 scem 700
Milne 22 H,at 10 20 sccm scem 35.00 1 nm Fe + 10 nm Al,O3 655°C microheater 15 min
mbar
10
3 ;
Roberton 7 5 min 107> mbar socm, 1o 0.00 no 1o 1o 1o 1 nm Fe/ 0~130 nm Ta 670 °C laser induced CVD, 45 min MWCNT
vacuum 0.1 sport size 1 um
mbar
10 100
100 scom scem. sccm laser induced CVD.
Roberton 7 5 min NH; at 1 i no no no no 1 nm Fe/ 0~130 nm Ta 670 °C . i 45 min MWCNT
mbar 0.1 NH; at spot size 1 um
mbar Imbar
200
Milne 8 54 scem scem 7 nm Ni + 15 nm TiN 675 °C plasma-enhanced CVD
NH;
200 sccm 500
Roberton 4 5 min Ar/500 10 scem scem 50.00 Ar 200 sccm no no Ni/SiO, or AL,O; 700 °C hot wall 5 min 350 um
scem Hp
200 sccm 200 plasma enhanced
Roberton 4 5 min Ar/500 50 sccm sccm no no no no Ni /SiO, or ALO; 700 °C chemical vapor 5 min
scem Hy NH; deposition
0.5 nm, 1 nm, 2 nm, 3
10 min at 600, 103 mbar 102 nm, 4 nm, 5 nm Fe on .
Roberton 5 650,700 °C H, mbar no 0.00 no no no no TiN and poly-crystalline 700 °C cold wall 15 min
PtSi films
10° mbar 103 low pressure chemical
Roberton 6 NH mbar no 0.00 no no no no 0.1 nm Co/200 nm SiO, 700 °C vapor deposition (cold 15 min
3
CyH, wall)
1000 sccm 10 scem 500 1000 0.5, 1.0 or 5.0 nm Fe on
Roberton 9 5 min Ar + 500 Cs]c_lc scem 50.00 Ar scem Ar no no 50 nm AlSi or 50 nm 700 °C hot wall reactor 15 min ~200 um MWCNT
scem H, e TiSiN or 50 nm TiN
1000 sccm
Roberton 10 5 min Ar+s00  10seem 300 50.00 Ar 1000 no no 1 nm Fe/10 nm untreated g4 o hot wall reactor 10min 1000 um
scem H CyH, sccm sccm Ar or plasma-treated Al,O3
2
. 500 sccm 40 sccm 460 (0.5-2 nm)Fe+10 nm 6 min or
Roberton 11 3 min H, CoH scem 11.50 no no no no Ti+(0-2 nm)Fe 700 °C cold wall reactor 10 min <10 um
0.5, 1.0, or 2.0 nm high
purity Ni, Co, or Fe or a
1000 scem L
Roberton 15 5 min Ar+ 500 5,810, 300 50.00 Ar 1000 no no combmatl(_m of two of 700 °C hot wall reactor > 10.’ 15
scem H 15 scem scem scem Ar them (in equal min
2 proportions) and same
total thickness
Roberton 19 700 °C IIIInI_l;ar 2()Cn1{;)ar no 0.00 no no no no 1 nm Fe, Nléico on poly- 700 °C cold wall reactor
3 2Hy
8% o
15 mbar C,H; at 9;/01 ?2 60 um at
. . 15 . 0.5 nm Al/0.3 or 0.4 nm . 625°C, SWCNT and
Roberton 23 5 min Slié,mS(')—:) mbar; nltgz)r, 11.50 no no no no Fe/s nm AUSi (100) 700 °C cold wall reactor 30 min 20 nm DWCNT
2
40C slc-[cm scem ALO;
2112
1% o
CoHy at 99 % H,
15 mbar 15 at 13 0.5 nm A1/0.7 nm Fe/5
Roberton 23 5 min H,; 500 . mbar; 99.00 no no no no ) " 700 °C cold wall reactor
scom Ho mbar; 5 495 nm Al/Si (100)
) seem sccm
CH,
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annea CHy H,/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l;;/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
o
2% ogom,
C,H; at
15 mbar 15 at 15 0.5 nm AL0.4 or 0.9 nm
Roberton 23 5 min Hy; 500 § mbar; 49.00 no no no no . ot 700 °C cold wall reactor
mbar; Fe/5 nm Al/Si (100)
sccm Hy 490
10 sccm scem
CoH, k
o
4% 96 % H,
C,H; at
15 mbar 15 at 13 0.5 nm A1/0.4 or 0.9 nm
Roberton 23 5 min H,; 500 mbar; 24.00 no no no no : e 1 700 °C cold wall reactor
mbar; Fe/5 nm Al/Si (100)
sccm H, 480
20 sccm scem
CH,
6% Y
com2ar 4%H:
15 mbar 15 at 15 0.5 nm AL/0.4 or 0.9 nm
Roberton 23 5 min Hy; 500 § mbar; 15.67 no no no no . ot 700 °C cold wall reactor
mbar; Fe/5 nm Al/Si (100)
sccm Hj 470
30 scem scem
C,H, ]
o
8% 92 % H,
CH; at
15 mbar 15 at 15 0.5 nm Al/0.4 or 0.9
Roberton 23 5 min Hy; 500 mbar; 11.50 no no no no -~ om 3 orn.s nm 700 °C cold wall reactor
mbar; Fe/5 nm Al/Si (100)
sccm H, 460
40 sccm scem
CH,
)
10% 90 % H,
C,H; at
15 mbar 15 at 15 0.5 nm A/0.4 or 0.9 nm
Roberton 23 5 min Hy; 500 . mbar; 9.00 no no no no i ot 700 °C cold wall reactor
mbar; Fe/5 nm Al/Si (100)
sccm Hy 450
50 scem scem
CoH,
500 scem .
Roberton 26 3 min H, /200 10 scem 300 50.00 Ar 200 scem no 1o 1.1 nm Fe + 100 nm Ta 700 °C Atmospheric pressure
CyH, scem hot wall reactor
scem Ar
150 mbar
Roberton 26 40 min H, /Ar VADAS 101y o0 Ar 30/41x15 1o 1o 41nm Fe + 100 nm Ta 700 °C Reduced pressure cold 40 min
(10:30) 0 mbar 50 mbar 0 mbar wall reactor
103 0.5-1nm Fe+10 nm
Roberton 33 5 min NH; mbar no 0.00 no no no no Al,O; +200 nm thermal 700 °C UHV cold wall 5 min
CyH, Sio,
2.5x103 0.5-1nm Fe+10 nm
Roberton 33 5 min NH; mbar no 0.00 no no no no Al,O3 +200 nm thermal 700 °C UHV pressure cold wall 5 min
CyH, SiO,
15 plasma enhanced
Roberton 37 CH 4/5 NH; no no no no 7 nm Ni + 15 nm TiN 700 °C chemical vapor 1-5h SWCNT
b deposition
200 sccm
Roberton 43 3 min Ar/500 10 scem 500 50.00 Ar 200 scem no no I'nm Fe+10 nm Al,Os 700°C 2 inch hot wall reactor 30 min 750 um
scem +200 nm SiO,
scem H,
5 30 120 . .
Hata 20 . . 6.00 Ar . no no iron on Si 700 °C hot wall reactor SWCNT
mL/min mL/min mL/min
. exceeding
Hata 23 5 scem 30 sccm 6.00 Ar 120 sccm no no FePt nanoparticle 700 °C thermal CVD reactor 100 um SWCNT
crystalline iron oxide
Alr(;gsc(c;‘l/ 0.5% 700 300%99.5 nanoparticles dispersed atmospheric pressure
Homma 27 2 ° %300 scemx3 6.00 Ar %+700%9 no no in toluene depositing on 700 °C P p
H, by > 3 CVD
scem % 7% AlLO; by spin coating
volume)
method
NH;
Milne 1 was 3 nm Ni + SiO, 700 °C plasma-enhanced CVD ~4 um MWCNT
used
growth
time was
Milne 2 was 3 nm Ni + SiO, 700 °C plasma-enhanced CVD CNTs u ~0.4 um MWCNT
used 004
um
heights
NH;
Milne 3 was 3 nm Ni + 20 nm TiN 700 °C plasma-enhanced CVD MWCNT
used
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annea CHy Hy/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l;;/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
NH;
Milne 5 was 3 nm Ni + SiO, 700 °C plasma-enhanced CVD
used
200
Milne 7 40 sccm scem 3 nm Ni + 30 nm SiO, 700 °C plasma-enhanced CVD 15 min 5um
NH;
550°C for 1 200 sccm 200 7 nm Ni + 15 nm indium
Milne 10 5 54 scem scem . . 700 °C plasma-enhanced CVD
min NH; NH tin oxide
3
. 4% to
Milne 11 20% NH; 700 °C plasma-enhanced CVD 10s SWCNT
o
1storal Y3t
Milne 13 vas 1 flow 700 °C plasma-enhanced CVD
£as NH;
Milne 19 NH; 700 °C plasma enhanced CVD
loxtota /710t
Milne 21 NH; or N, 1 flow 1 flow 700 °C plasma-enhanced CVD
NH;
hot filament CVD,
500 mbar vertical gas flow
Milne 23 10 min NH N, yes water 4 nm Fe + 200 nm SiO, 700 °C structure, hot filament
3 temperature at 1000 °C
is the best
. 200 50 sccm Ni or Inm Fe/ 10 nm horizontal plasma-
Milne 2 scem NH; Al20x 700°C enhanced CVD
-3
) 10-3 mbar 10°3
ramping up to NH; for mbar
700 °C in 1 CH, CH, or low pressure chemical
Roberton 6 min, keep at growth, 5 SZmZba.r no 0.00 no no no no 0.1 nm Co0/200 nm SiO, 700 °C vapor deposition (cold 15 min SWCNT
700 °C for 4 mbar NH3 wall)
. CH;CH,
min for ethanol
OH
growth
. 100 0.3 nm Mo + 1 nm Fe +
Milne 12 scem 10 nm Al +8i0, 725 °C cold wall reactor
Milne 15 NH; 5 nm Ni 725 °C plasma-enhanced CVD
725 °C 1 inch fully automated
for CVD system equiped
Y water (20- plotting with a telecentric
Hata 27 0.4-2% He yes 900 ppm) 1.8 nm Fe+40 nm AL,O; 725 oC optical system for in
to 825 situ height
°C measurements.
775 °C 1 inch fully automated
for CVD system equiped
o, water (20- plotting with a telecentric
Hata 27 0.4-2% He yes 900 ppm) 1.8 nm Fe+40 nm Al,O5 725 oC optical system for in
to 825 situ height
°C measurements.
725 °C
water (50 for .
Hata 25 750 °C 1:9 He/H, 25 scem He total flow ves t0 500 1.5 nm Fe + 40 nm plotting 1 inch fully automated SWCNT
C,Hy 500 scem AlLO5 CVD system
ppm) 725 to
900 °C
775 °C
water (50 for .
Hata 25 750 °C 1:9 He/H, 25 scem He total flow yes t0 500 1.5 nm Fe + 40 nm plotting 1 inch fully automated
CoHy 500 sccm AlLO3 CVD system
ppm) 725 to
900 °C
875°C
water (50 for .
Hata 25 750 oC 1:9 He/H, 25 sccm He total flow yes (0 500 1.5 nm Fe + 40 nm plotting 1 inch full}i al‘,ltomatcd
CoHy 500 scem ALO; CVD system
ppm) 725 to
900 °C
700 scem 700
Milne 22 Hyat 10 20 scem scem 35.00 1 nm Fe + 10 nm Al,O5 748 °C microheater
mbar k
500 scem 460 cold wall CVD
Roberton 4 5 min H 40 scem scem 11.50 no no no no Fe/ALO5 or SiO, 750 °C chamber with low 5 min 100 um DWCNT
2 pressure
1000 scem
Roberton 10 5 min Ar + 500 l%s;:;m Sigf; 50.00 Ar sclc(l)r?(z)‘\r no no 1 nm Fe/10 nm Al,O5 750 °C hot wall reactor 10 min 300 um
scem Hy 22
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annea CHy Hy/ carrier carrier Growth growth terminal . SWCNT or
Group Paper # | time anneal gas flow H; flow C,H, gas gas flow en(l‘l;l/;c)er enhancer catalyst Tem. reactor time length yield MWCNT
1000 scem
Roberton 10 5 min Ar + 500 IOCS;; m Sf:ggl 50.00 Ar SCL(I)I??\I‘ no no ! nmtrFeZ/tle(c)i r‘:;l glasmd 750 °C hot wall reactor 10 min 1000 um
scem Hp 2R 23
1000 sccm
Roberton 10 5 min Ar + 500 SCSCI_CIm sf:(c)& IO(()) 0 Ar sclc(x)r??kr no no 0.5 nm Fe/10 nm AL,O; 750 °C hot wall reactor 60 min 200 um
sccm Hy 22 h h
1000 scem
Roberton 10 5 min Ar+500 5CS°P°““ SO?H 108‘0 Ar I?T??\r no no 05 “";Fet/ ldoli‘]mopl“ma 750 °C hot wall reactor 60 min 2000 um
scom H, >H, sccl scc cated Al,O;
500 sccm
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