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ANEXOS (7)

7.- ANEXOS

7.1.- Informes completos

A continuaciéon se presentan todos los resultados proporcionados por el

servicio de analisis del Instituto de Carboquimica, correspondientes a la

caracterizacion quimico fisica tanto del catalizador fresco como del carbono

producido en la DCM.

7.1.1.- Difraccion de Rayos X (XRD)
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Figura 7.1 - XRD de la muestra de carbono del ensayo A06.
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Figura 7.2 - XRD del catalizador Fe;053:Al;03 (50:50).
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7.1.2.- Caracterizacion superficial. Adsorcion de N,

7.1.2.1.- Ensa

I —
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Quantachrome ASTWin™ - Automated Gas Sorption Data e
Acquisition and Reduction
©1994-2008, Quantachrome Instruments < yTan TE?E?!O me
version 2.01 ' -

Optimizing particle parfarmance

Analysis

tor:Nuna
Sample ID: : 1106122
Sample Desc: FelALAG
Outgas Time: 50hrs
Analysis gas: Ni
Analysis Time:  309.7 min

Report _
Date:Wed Jun 22 13:08:20 20110perator:Nuna

Date:6/222011

Filename: CADocuments and Settings\AdministradonEscritorio\1106122.gps
Comment:

Outgas Temp:  150.0 °C Sample Weight: 0.1298 g

Molec. Wt: 2801349 Non-ideality: 5.Te-05 1/mmHg
Instrument: Auk:sorb Station 1 Bath temp.: mAK

vrei

Analyziz performed on:..
Analysis performed by
Comments:..
Instrument:....
Instrument versio
Software version:....

Id:..
Descnpncn

f i b

[T
Weight=.

Qutgas time-. .
Outgas tempe rature:..

Anaiysis gas:.
Cross Section Area:
Molecular wight:..

Non-idealty correcti
Ambient temperature:.
Pressure iolerance ba

Equilibration time: ..

nllﬁly::uS Data
Administrative inormation

-Wed Jun 22 13:08:20 2011
Nuria

Autosorb Station: 1
nia
127

Sample information
. ..o 1106122

"cb

e i e

Quantachrome ASTWin™ - Automated Gas Sorption Data

Acquisition and Reduction
©1994-2008, Quantachrome Instruments < HE:FJEBEE':ISTO me
version 2.01 ' —

Optimizing particle perfarmance

Analysi
tor:Nuna
Sample 1D: - 1106122

Report
Date:Wed Jun 22 13:08:20 20110perator:Nuria Date:6/22/2011
Filename: CADocuments and Settings\Administrador\Escntorio\1106122.qf

less than 268812 A at P/Po = 0.

IMURIPOINE BET .o e e eeee

Total pore volume for pores with Diameter

Average pore DIameter e

Volume/Area summary
Surface Area Data

8.679e+01 nlg

Pore Volume Data

992474 .. 2.553e-01 cclg

Pore Size Data

1177e+02 A
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Quantachrome AS1Win™ - Automated Gas Sorption Data A
Bule st Acquisition and Reduction
WA ©1994-2008, Quantachrome Instruments = yﬁqsest‘!o mg
INSTITUYO DE 5 version 2.01 ' —
carsoauimica |CSIC Optimizing particle perfarmance
Analysis Report
Operator:Nuna Date:Wed Jun 22 13:08:20 20110perator:Nuna Date:6/22/2011
Sample ID: - 1106122 Filename: CADocuments and Settings\Administrador\Escrtorio\1106122 qps
Isotherm
Relative Volume @ STP Relative Volume @ STP Relative Volume @ STP
Pressure Pressure Pressure
[ccig] [ccig] [ccig]
1.38468e-02 16.7810 3.00103e-01 27.7371 9.82623e-01 154.0493
2.49633e-02 17.5938 3.49417e-01 30.0582 9.77363e-01 143.1040
358136e-02 18.1325 3.99448e-01 32.2795 9.50353e-01 103.6587
4.61675e-02 18.5573 5.03686e-01 36.4726 9.25084e-01 54.4407
5.63425e-02 18.9263 6.02902e-01 40.7435 8.99171e-01 74.3271
6.642622-02 19.2815 £.99250=-01 46.3502 7.98617e-01 56.2447
7.64470e-02 19.6146 8.01447e-01 54.7539 6.96849e-01 47.4252
8.65167e-02 19.9345 9.03708e-01 71.2536 5.93117e-01 41.2951
9.65026e-02 20.2445 9.25452e-01 78.8659 4.99706e-01 37.0562
1.06513e-01 20.5508 9.48860e-01 90.2142 3.92543e-01 31.9730
1.52946e-01 21.9777 9.73885e-01 1150177 2.98724e-01 27.6762
2.02060e-01 23.6394 9.77126e-01 120.1102 1.90878e-01 23.2610
2.51046e-01 25.5685 9.92474e-01 165.0508 9.27958e-02 20.1294

Isotherm * Linear

Ads

182.00

B

160.00 |

12000 |

80.00° |

Wolume @ STP (cclg)

4000 |

0.00

Relative Pressure, PIPo
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Quantachrome ASTWin™ - Automated Gas Sorption Data
Acquisition and Reduction
©1994-2008, Quantachrome Instruments ua ntach ro m9

@cb |

T iNsTiTUTO DE

W NETRUMENTS
carsoauiMica | CSIC

version 2.01 —
Optimizing partice perfarmance

Analysis Report
Operator:Nuna Date:Wed Jun 22 13:08:20 20110perator:Nunia Date:6/222011
Sample ID: : 1106122 Filename: C:\Documents and Settings\AdministradoriEscritorio\1106122.qps
Multi-Point BET
Relative Volume @ STP  1/[ W({Po/P) -1)] Relative Volume @ STP 1/ [W{{PolP)-1)]
Pressure Pressure
[PiPo] [ccfg] [PIPo] [eclg]
1.06513e-01 20.5508 4 6413e+00 2.51046e-01 25 5685 1.0489%+01
1.52946e-01 21.9777 6.5735e+00 3.00103e-01 277371 1.236%e+01
2.02060e-01 236394 8 5709e+00 3.49417e-01 30.0582 1.4296e+01
Multi-Point BET Plot
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Relative Pressure, P/IPo
Single Point Surface Area
Relative Volume @ STP 1/ [W{((PiPo)-1)] Slope Surf. Area
Pressure
[PIPa] [celg] [m*g]
3.00103e-01 277371 1.2369e+01 41.2149 84 4965
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7.1.2.2.- Catalizador Fe;03:Al>,03 (50:50, mol)

€cb

INSTITUTO DR
campooanmca | C

Etandar Report

ASAF 020 V300 H unit 1 Cars = 45T

B el
€

o (1LY

SEMDE 11000 FESFARLILIE | LU
Operabor Nuris
Swbemitter: Daniel Tomres (L3uehes)
Flie: T DANIEL T 07248, 2MP

Coaried 011 11:11:38 Aralysls Adsomptive: N2
Compieied 11 183457 Anaiysis Bath Temp.: 77.300 K
Seport Time A1 E4k30 Thermal Comecion: Mo
Sample Mass: 1.1217 g Warm Free Space: 20,2538 o Mexsunsd
Codd Fres Spaces 59,0342 cm? Equilibraton infzrval: S 5
Low Fressure Dose: None Aufomatbic Degas: Yes

Commenis: Nanofibras de carbono

Eummary Report

Zurfaos Arsa
Sngie point surfsce aea at PFo = D300353113: 141.3438 mAg

EET Surfxce Area: 143.0558 mApg

[Pors Volume

Single point adsoption total pore: volune of pores
=2z than 3532850 A dameter at FFo = 0 4E06094; 0200874 cmiig

Pors 3ize
Adzorption average pone widih (WA by BET) 56,1665 A
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@cb

INSTITUTD DE
CARBOOUIRICE

Standar Raport
ATAP 2030 V300 H unit 1 Serial 2 457 Fags 2

Sampile: 1107246 Fe2DAD03 (SO50)
Operabor. Murs
Cubrmiter: Daniel Tomes (L3uehes)
Flizz SO NDANELTI110T245.3MP

Araiysls Adsorptive: N2
Araiysis Bath Temp.: 77.300 K
Tharmal Comecton: No
Warm Free Space: 20,2538 o Msssured
Equilbration inferval: S 5
Aufomatic Dagas: Yes

Jampis Mass
Cold Fres Space:
Liow Pressure Dose:

:amments: Nanofbras de carbono

Isothemm Tabular Report
Feiatie Apsoluts Quantsy Elapsed Tme  Saturation
Fressurs (F/Fn)  Fressums Adsorbed {hamin) Fressur:
immiHg) g ETF) [mmiHg)
o102 75835050
0009527877 7.53288 244704 0:47
C.020288852 1533108 7z 058
0030205418 23.22558 257850 0204
007 TEEE1127
C.040588T12 33852 012
O.045153847 308434 018
[C.053853723 315184 =M
[CL0ET288065 324333 02:24
0073385240 333343 0228
083385528 58.24258 340535 0232
[C.0%9263377 7581028 34 7E51 0238
0148586871 11343738 ITTITE 0241
0.200842453 15236223 402817 0248
DLI502465 131.13858 434081 0252
0302383113 12322133 45 2407 0258
0351380657 256.34753 20,1830 03:04
D.400462802 30331838 44732 03:42
o344 TETE
CL438E3882 B4THT 0328
CLE2E402035 752850 0338
0.702007784 £7.0187 0348
0.795424020 257855 04:00
[FE] TET.E3ITEL
0306583753 £55.82871 1223s 04:23
0538335901 709.33881 1231455 04:30
0355526508 724.14325 1250850 04:37
CLETIE53052 73603158 128 6550 D4:42
CLE7E7E5ES8 74215458 1276314 4245
334606012 753.37274 1228540 04:51
0.E73I0285 737.06882 1257851 04:54
0548447812 71837555 127.2130 04:58
0532023808 £38.33777 1257508 0503
0.501334741 £52.55430 124.7208 0508
CLE0STEOISS £11.00732 IEEIES] 0S4
(=S E] 75731488
[C.EB5562575 £13.30771 1056545 0535
D.EE301E3T 44501323 355387 0548
C.500278237 378.73321 222573 05:03
0.337728858 301.11600 543310 0825
o628 TET.08472
[0.280324458 222937 452105 06:37
02045353817 15283515 405435 06:44
nARSREIInY TT 1Aaia EERtt ) ne-c9
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@cb

Standar Roport

ATAP 2000 W3.00H Unit 1 Darial 2 457 Fage 4

Samplz: 1107246 Fe2DADO3 (S0:50)
Operator: Murds
Subrmitier: Daniel Tores (L3usives)
Flizz CILADANEL T 107246 3MP

- ITAT 11211:38 Anaiysis Adsorptive: N2
2011 183157 Apahsis Bath Temp.: 77.300K
2011 4030 Tretal Comeclion: Nio
Bample Mass 11217 g Warmn Free Space: 20,2538 o Mexsunsd
Cold Fres Spaces 52,0942 cm? Equiiraticn infzrval: S5
Low Fressure Dose: None Mubormabic Degas: Yes

Sunmrecly. Moulras de varluas

BET 3urface Area Report
BET Burfsce Area: 143.0558 +0.5012 il
Slope: OLO30CES +0.000104 glem® STF
Yinfercept CLODO0444 & 0.00002E ghem® STF
. 216363562
Gm: 32882 ovlip ETP
Comeiation Coefident LSS95TEE
iolscular Cross-Sactonal Area: 0162 nm*
FReatve Cuantity 1[2(PaF- 1§
Pressure Adsorbed
{FFo) fcm%g ETP)

0.OFsss3TT 34 TES 0003435
0182555871 377378 D.o04EE1
020042153 405607 0006200
025210245 434021 0.0077&E
030253913 455407 0.ooE312
0351350857 01530 D.oA0TH2
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i 5 -:: :
S 5
ll:,wl:aum:-ca G0
Stancar Raport
ASAP OO V.00 H Lnit 1 Serial & 45T Fage £
Sampie: 1107246 Fe2OAME03 (S0:50)
Operaor: Murda
Eubmitter: Danlel Tomres (L3ushves)
Fliz: COLDANELTT 10245 3MP
Started: ITAIT041 11:11:38 Anaiysls Adsorpiive: N2
Compizied 11 183057 Anaiysis Bath Temp.: 77.300K
Fapert Time 19 Samean Trerma! CommoSon: Mo
Bample Mass 1.1217 g Wam Fres Space: H1LI538 o= Meaxsuned
Cold “re= Space: 530942 cm? Equiliration intenal: 55
Low Fressune Duse: Mons Auformabic Degas: Yes
Commenis: Kanofbras de carbono
EET Zurfaos Arsa Flot
T T T T /
' '
1 1
1 1
_____ RPN SSP V. .
1
|
i
1
o
1
i
'
.
¥
'
1
i
= |
= e
gL '
£ i
3 Pl
_____ 1 1
1 1
i i
' ' ' ' '
1 1 1 1 1
e e T e e e .
1 1 1 1 1
1 1 1 1 1
1 ' ' ' '
1 1 1 1 1
i i i i i
s dommem oo pem oo pommmnn oo +-
i 1 1 1 1
i i i i i
1 1 1 1 1
1 1 1 1 1
H H H H H
' IIZLI'E I!.III :Il'_‘= 1|_’.:I I!.I.'15
Fmiathve Preszune (FF)
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7.1.3.- Microscopia electronica de barrido (SEM)

3.00um

3.00um

l ] 1 1 — N 1 1
10.0um 50.0um

Figura 7.3 — Imagenes SEM del producto de carbono del ensayo A06. De izda. a dcha. y de
arriba a abajo: 1) aumentos x 5000, 2) x 15000, 3) x 5000, 4) x 15000, 5) x 5000, 6) x
15000, 7) x 5000 (electrones retrodispersados), 8) x 1000.
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7.1.3.2.- Ensayo A15

3.00um

10.0um 3.00um

Figura 7.4 - Imagenes SEM del producto de carbono del ensayo A15. De izda. a dcha. y de
arriba a abajo: 1) aumentos x 5000, 2) x 15000, 3) x 15000 (elect. retrodispersados), 4) x
5000 (elect. retrodispersados), 5) x 5000, 6) x 15000, 7) x 5000, 8) x 15000.
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7.1.4.- Distribucion del tamaiio de particula (ensayo

A06)
@ LS Particle Size Analyzer
BECKMAN
COULTER.. 15 Apr 2011 15:42
Beckman Coulter LS 13 320
File name: C:\Documents and Settings\izasa\Escritorio\Muestras Tamafio Particula\Muestras interng
A-6(10-03-11)(110416_01_01.3Is

File ID: A-6(10-03-11)(11041869)
Sample ID: A-6(10-03-11)(11041869)
Operator: Anabel
Run number: 1
Comment 1: 11-5-548
Optical model: Fraunhofer.rf780d
Residual: 0.23%
LS 13 320 Dry Powder System
Start time: 15:41 15 Apr 2011 Run length: 34 seconds
Average Vacuum: 24.2"H20
Cbscuration: 7%
Software: 5.01 Firmware: 2.02

Differential Volume

5 — A-6(10-03-11)(110416_01_01%Is
4_ __ __
g 3 1 1,
')
| «Wﬂm
5 24
>
1,
. ey AT AT T
U 1 i T [ T UL T 1 moT T
04 1 2 4 6 10 20 40 60 100 200 400 1000 2000
Particle Diameter (um)
Volume Statistics (Arithmetic) A-6(10-03-11)(110416_01_01.5ls

Calculations from 0.375 pm to 2000 pm

Volume: 100%

Mean: 5572 pm SD: 8211 pm

Median: 32.06 pm Variance: 6742 pm=

Mean/Median ratio: 1.738 CV.: 147%

Mode: 3151 pm Skewness: 4418 Right skewed
Kurtosis: 23.00 Leptokurtic

<10% <25% <50% <75% =00%

9.882 pm 18.07 ym 32.06 pm 58.35 pym 116.6 ym
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7.2.- Ensayos DCM (datos completos)

Se incluyen a continuacion los datos de produccion de H, (% vy vol), de

pérdida de carga en el lecho y de la conversion de metano durante el

transcurso de todos los ensayos realizados.

ALBERTO LAZARO LEGARRE PAG. 85



PRODUCCION DE HIDROGENO MEDIANTE DESCOMPOSICION CATALITICA DE METANO EN LECHO FLUIDIZADO A
PARTIR DE CATALIZADORES BASADOS EN HIERRO ANEXos (7)

ALBERTO LAZARO LEGARRE PAG. 86



PRODUCCION DE HIDROGENO MEDIANTE DESCOMPOSICION CATALITICA DE METANO EN LECHO FLUIDIZADO A
PARTIR DE CATALIZADORES BASADOS EN HIERRO ANEXos (7)

ALBERTO LAZARO LEGARRE PAG. 87



PRODUCCION DE HIDROGENO MEDIANTE DESCOMPOSICION CATALITICA DE METANO EN LECHO FLUIDIZADO A
PARTIR DE CATALIZADORES BASADOS EN HIERRO ANEXos (7)

ALBERTO LAZARO LEGARRE




PRODUCCION DE HIDROGENO MEDIANTE DESCOMPOSICION CATALITICA DE METANO EN LECHO FLUIDIZADO A
PARTIR DE CATALIZADORES BASADOS EN HIERRO ANEXos (7)

ALBERTO LAZARO LEGARRE




PRODUCCION DE HIDROGENO MEDIANTE DESCOMPOSICION CATALITICA DE METANO EN LECHO FLUIDIZADO A
PARTIR DE CATALIZADORES BASADOS EN HIERRO ANEXos (7)

ALBERTO LAZARO LEGARRE PAG. 90






