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Supaphorn Palitsakun 2011: Fischer-Tropsch Fuel Synthesis using Silica Xerogel
Supported Iron-Cobalt Catalysts. Master of Engineering (Chemical Engineering), Ma-
jor Field: Chemical Engineering, Department of Chemical Engineering.

Thesis Advisor: Assistant Professor Kandis Sudsakorn, Ph.D. 149 pages.

This research studied the synthesis of hydrocarbons via Fischer-Tropsch reaction using
Fe-Co catalysts supported on SiO, which was prepared by the sol-gel method. The metal
loading of 20 wt% was added to the support having different Fe:Co mass ratios as followings:
100Fe, 80Fe:20Co, 60Fe:40Co, 50Fe:50Co, 40Fe:60Co, 20Fe:80Co and 100Co. From XRD, it
was found that the fresh 100Fe and 100Co catalysts were in forms of Fe,O, and Co,0,,
respectively. Other catalyst compositions were shown to have only these 2 metal oxides. After
reaction, it was found that Fe-Co alloy and Fe,C, were appeared on the catalysts with both Fe
and Co metals. The results from SEM-EDX mapping confirmed a well dispersion of both metals
on the catalysts. All catalysts had high surface areas about 300-400 mz/g with pores size ranging
between 7.86 and 8.87 nm which were suitable for the synthesis of liquid hydrocarbons. For the
Fischer-Tropsch reaction tests, the 60Fe:40Co catalyst under H,-pretreatment had the highest
activity with CO conversion of 84.56% and selectivity to liquid hydrocarbons C,, of 74.80%
under the condition at 280 °C, 5 bar, and H,:CO of 2:1. Mostly, the main liquid hydrocarbon

products were C,-C, with the selectivity up to 54.32%.
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BET = Brunuer-Emmett-Teller
°C = Degree celsius

CoO = Cobalt Ferrite

Co = Cobalt

CcoO = Carbon monooxide

Fe = Iron

FeO = Tron (IT) oxide

Fe,O, = Iron (II, I1I) oxide

GC = Gas chromatography
g/l = Gram per liter

g/ml = Gram per milliliter

h = Hour

H, = Hydrogen

H,0 = Water

HCl = Hydrochloric acid
HTFT = High-Temperature Fischer-Tropsch
He = Helium gas

K = Potassium

k = Rate constant

LTFT = Low-Temperature Fischer-Tropsch
Mn = Manganese

Na,Si,0, = Sodium silicate

Pd = Palladium

Ru = Ruthenium

Si-OH = Silanol group

SMSI = Strong Metal-Support Interaction

(10)
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= Nitrogen gas

= Sodium hydroxide

= Revolution per minute

= Second

= Percentage by weight

= Scanning Electron Microscopy with Energy Dispersive X-Ray Analysis

= X-Ray Diffraction
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Elements of the Shell Sasol Chevron ConocoPhillips
LCA
Life cycle inventary
Systemprimary BAU BAU BAU
Product& Primary product: Primary products: Primary products:
co-product ULS Gasoil Diesel Gasoline
Industrial Gas Diesel
LPG co-product: co-product:
Naphtha LPG Heavy residual
Kerosene Naphtha -0il
Heavy fuel oil Kerosene Coke
Base oil Light Fuel Oil
Residual Fuel
SMDS SPD GLT

Primary products:

LPG

Naphtha
&condensate

Base oils

n-paraffins
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Diesel
co-products:
LPG

Naphtha
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FT Diesel
FT naphtha
(no significant co-
product)
Methanol

Methanol
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2. At wazna lnvesfasenilmyes-Tnsid

aaa { a 4 aaan a\ J J
Ugnseninaululnseilsyes-Tnsid (Reaction on Fischer Tropsch synthesis)

(Wender, 1996) 1fAsoniinuluszuuvestjnsoilmyses-Tnsid 1aun

nCO + (2n+1H,=CH,, ,+ nH,0 (Paraffin production) (1)
nCO +2nH,=CH,, + nH,0 (Olefin production) 2
nCO +2nH,=CH,, ,,0 + (n-1)H,0 (Alcohol production)  (3)
CO+H,0=CO,+H, (Water Gas Shift) (4)
CO+H,=C+H,0 (Coke deposition) %)
2CO0=C+CO, (Boudouard reaction)  (6)

ﬂﬁ"lﬂmﬁ!,ﬁﬂﬂﬁﬁ%ﬂ (Mechanisms on Fischer —Tropsch synthesis)
aan a a [ o’gz} a ] [ d‘ 1
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I
ponlu
Y v
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CHa CH3(CHa)x o CHA(CHa2)x
NS N 7 AN
1H CH: e CH,
ads I Y AT | Y ;
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CH3(CH2)xCHO CH3(CH>)x;CH=CH;

e o

CHa(CH)xCH>OH CH3(CH>)xCHsx

4 a aaa 3 a a ] 4
a2 nalnmsiRadgasedusudunazmaau Tnvesaislela Tasasuou

f3: Wender (1996)
2.1 Alkyl mechanism for chain propagation and termination

o 1 a o
Brady and Pettit (1981) ¥imsnaaeduazny nalnlumsinalalasas uveu
' o 7 = 4 7o a ' .
Uszinna1eq lunseuiumsdunsienuuuisses- InsUdiu 9215491001581 Diazomethane
lgauSnudusalfnser 18un Ni, Pd, Fe, Co, Ru 130 Cu Falimanmsnaaousufediy lag
@ v 1 a o o 4 { I o w %
na lndenanuaaalunni 3 uazkaasaa lalasms veun Iailuduisn Av Ethylene Fena'ln
v 9
5uAUIN H, 1182 Diazomethane gnasru lilfadusalgnsen udunamsuandves Tuanans
o 1 Aaaa qul a o aaa I~ a J Ta d
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awlanenuazlivuialygu (Chain growth propagation) 183NN (Insertion) YD Methylene
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FANTFUVOA surface hydrate LaAI TUANWN 4

Eiz © i ]I”I[ Ll (l) CH; CH; [
/77777777 T T T i
;CHJ CH, lC’F[
CHy Methylene insertion 2 3
( ///////// w HITTTTT /TTTTTT7
R (Iiz lllllllllll
// ///// ///////// *™  lintar alkenes, alkancs

B

Methylene insertion / chain growth

v
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d‘ 3 Q' 9 o’/’ [ ] Y] [ L Aaan
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31: Overett et al. (2000)

H, o H HC==C
Hl('/J\ - Hz( ‘H 1[1L_C —p " R
m’“‘mﬁ ITNTTTT mf_x T
Agostic M-H interaction [i-hvdride elimination Desorption of w—olefin
a) P-elimination mechanism for the formation of a-clefins
R R
H;fl_‘ ETZ(LJ
H;‘:Z H H,C---H . CHy-CHy R
| - P
— M T M M7 7 MM
TV TIT T TITI T T

b) Surface hydride reduction of alkyl chain for the formation of alkanes

v
a

v k4
mwi 4 nalndudugalfnsoimsaeae e Tuanalul§nsoilsnyes-Tnsld

731: Overett et al. (2000)
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Formation of branched Fischer-Tropsch products.

Aa o g 1A g
wonilonnraanmaidulvaiiiilu Methyl-branched 113) 1988 Pichler tag Shulz
9 1 a [ s [ 9 . 9 =
Idnuiwansumnsesasuisudsenov 1Udae linear olefins, alkanes L1 oxygenates 819U
a A 1 @ a o 4 [] [ a Aaaa A 1
aNBNaRMINIZBAIHARS MR Uiy Taona lnmsinadfnse1nzisudui Methylene
Y [
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chain unu ua lududugal§asoneunvsailusdaduaitiu nguues Shydride azdoq
1 1 o Q aan dy %
gﬂﬂaaﬂaaﬂmﬂimaqa linear surface alkyl species memuﬂgﬂimu ﬁ-hydride TITDNU
Y] Y A a 5 csj Qy (Y A a Y] 4
nauIdieanInmaAy Hydride as Tl Tududugamsvensene Igawaaslunni 5 waanus
{ a g 4 { S
'lAiRalunIn Branched products TuvsiziRedunInidlu Methyl-branched species 919100
s v I a o A Aaaa g
Mo UA U UHAAN INNT098911 (Secondary products) TAB1IAT81 Reabsorption YD CL-olefins

W 1-methyl-branched alkyl species

F

CH, trycdeide hydride ,C

'::Hl Eliginatinn H‘;_"':;:"CII_ " addrtion ! i' (\ f[ﬂfIR
FTTNTTTTT TN TIMTTTT]

methylenc insertion
(ehain growth),
Rerminikion

branched products
ot 5 na'lnmafadiuTuanamelsnwesijuialul s flmwes-Tnsld
‘Vd;im: Overett et al. (2000)
Carbonyl insertion: formation of Oxygenates.
mstRna131l52neu$1MIn Oxygenates H1l5n01' 11878 Alcohols, Aldehydes, Acids

& a o J v yw a aaa { 1 . . {
1182 Ketones FIWaaN maltnaihininna1nfisenfiizenan Carbonyl insertion 7 surface alkyl

. Y I . 3 o A Aov o U o
species &1l Surface acyl species mﬂuu"laiﬂmu’ozmmzmﬂgﬂsmmﬂwﬂuwuﬁz
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1 . Aa o PPN Aaaa J. I
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a I~ a @ d A d? 1w a % [ Aaan o Aaaa =)
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Gummmﬂs;]ﬂﬁmmaﬂuﬂﬂzmmﬂu Ethanol, methanol, n-propanol, acetic acid #114a1AU (Dry,

2002)

K R

~ O

]lt (:'-U CO insertion ‘l"j T ::}Tﬂmﬁ? b t;_'HOH H
s i i
l CO insertion l[—l redustion of l

metal acyl bond
R o . o
N R— C{/ R— CH,OH
H
fﬁf’f fff.f‘jf aldehydes alechols
l Methylene insertion
R o]
h 'I:/, 2 Termination ¥z Ir.'jl‘_\
CH; T w7 % R R
W
i T

4‘ a ] PR a | 4 a [ L aaa
muii 6 nalnmanamele Tuananioendnwiluedlszneuvewaanmal lul§asen

Wayos-Insid
N1: Overett ef al. (2000)
2.2 Alkenyl mechanism for chain propagation and termination.

Maitlis (2004) terupnuzna lnmsinalfnseveanan Alkenyl Tumsao
eutnamﬂcﬁuazm‘it‘?yuq@eumﬂﬁﬁ?mwuﬁma”lm‘fuﬂé’wﬁmm Alkyl uatinnududouas
ga81nNN I TaetuB Y Surface methyne (ECH=CH) t4a¢ Surface methylene (=CH,) 3£(AAMNT
imﬁaﬁummfu Vinyl species %zz%’wmﬁwﬂﬁﬁ?mimﬁu Surface methylene et allyl species
(-CH,CH=CH,) nmiuzfiamsveeivesmyTsazduiiude lUideuTag Alkyl species 321

’]Jﬁ N381 isomerisation 14 lﬂdJLl Alkenyl (vinylic) species
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4 Y
(-CH=CHCH,) tlag Tuduau q ﬂ‘ﬂf] N381 surface alkenyl species Qfﬁa 14 1Ay surface hydrogen

a 3 {
uduRAU free alkene tearadlunIng 7

CHy
1512 "DO ot Initiaticn H(:’? CHy
s - ST Wy

Metbylene insertion

R CH; CH;
o L omerisstion 1387
a 14 - I
HC p W HC CH, CH,
) STITTT77 -.\ JTTITTT T STTTTTIT7
."."i"/ R III
(I‘.H CH, )
o |
HC CH
1 A H
CH, |[a.]: 77 - b
ST ITIT7T7i7 Reduction by HC= CHCH:R

surfzce hydride _
U w-olefins

a7 nalamsinalundnsausivesny alkenyl luilgnsolamyes-Tnsid
31 Overett et al. (2000)
Formation of branched hydrocarbons.

Maitlis (2004) 11013 [EUBLULI linear 771-a11yl intermediates (—CH,CH=CH,) 81130
{ a g a @
Nazinaly Isomer branched ﬂl-allyl (—CH(R)CH=CH,) species Taananu 773-species 1&aq
1 qazl o aaa a { I
uaaalunIni 8 1M1 surface alkyl isomerizes 3z asemdunamantasu iy
1 a @ y v a o { g @
surface alkenyl #1819 Tutanamamsveredeon lihiFoss aunsznunailuluanaiilua,
9 v v
§U8aNI3en 1 sterric hindrance of the alkyl 191 113U WM O-chain T 1HIRAMITUTA
Aaaa Y a o I v o Y 9 o
Gumﬂg]ﬂimvlﬂwammwﬂu Branched hydrocarbons Tunandunud surface alkenyl U1
Aaaa 9 rTAa o o A 1 U 9 a o s FY qszl Qy aaa
Ugnsoda liinadnyazved Tuanadeinanmneunii saadman lalududugalgasen

<3|
12184 Linear hydrocarbons LN
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R
éH 1]'—aI!yI q"_ allyl immcl‘in‘1‘|I allyl CH;
/4 I/
H'I: e _ IJ(l'_:
CHy ) H,C? T CH-R - CH-R
B .
Y T 1T
l surface allyl isoemerises surface allyl isomerises
10 surface vinyl 1o surface vinyl
i
(|:H3 |C1 I
/ CH chain growth :hc::llncagl'!'mlnntll]'nm“d / CH
HE 4 g [iriar branched - R—C
hydrocarbons hydracarbons
I T

M 8 Maweudevesaelalalasmsuenlunalndaniia (Alkenyl mechanism)
131: Overett et al. (2000)
Formation of alkanes and oxygenates
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Production Precipitation fused Precipitation
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Active phase
H,O effect
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Product distribution
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Price
Life length

Recycling potential

Fe — Fe,C — Fe,C,
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CO,
Sensitive to sulfur
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Metallic Co
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3n: Williams (2002)
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3.3.2 Effect of Temperature, Space velocity and Pressure condition on FTS.
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3.3.2.1 Effect of Temperature on FTS.
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3.3.2.3 Effect of Pressure on FTS.
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Pore-saturated pellets

Drying
Calcination

eo0ccenocn0cncoan Catalyst

d‘ qgj S Y 1 aan Y as Y Y =y
HNN 24 LLE‘WN‘UL!G]’E)Llii!ﬂ"lil@ﬁﬂﬂ@?]ﬁﬂﬂgﬂimﬂﬁﬂﬁ‘ﬁﬂﬁﬁﬂ@ﬁlm‘mﬂﬂﬂ

d‘ [C4
N IgNILaZYINY (2547)



39
5. 25995 UFUAFAN (Silica supported)

o o

MITWUNBUAYBIAITOITUFAMYBIANINIRNTEIITHUF] fuamnsanialgam

. £ & 1 9 1
YHIRVDIZNIU (pore size) U UM sHLNRIN TUPAC Ulﬂllﬂ

. A an { 9 ] 4 9 1
Microporous silica A9 FAMATVNAFUAIUGUINANYDIFNTUTBENIT 2 nm
P an { 9 ] J 1
Mesoporous silica Ao cnamﬁﬁmummuwmgfuaﬂmwmgwa;usluma 2-50 nm

o QA8 { Y ] 4 1
Macroporous silica Ao cnamﬁﬁmmmﬁumug{uaﬂmwmgw;umnﬂm 50 nm

W]

1 Y a 4? (K% cfd' 9 ] (] 1 1
W ‘Ll?ﬂlﬂ5ﬂLL‘]_I\‘1'0fJﬂllﬂﬁa1ﬂ%uﬂﬂ]uﬂ§ﬂﬂmm“ﬂ‘ﬂ1°}ﬂlﬂﬂ IHU LL‘IJ\W]13J§‘]J51\‘I‘I/1N

1
' d' a ' 5 d! h d’d
UN IWIUNNAVINUNUDN (slits shape pore) FINVLUIN U activated clay 3W3uUnNy

Oye e

5Aaia 1
e = J ' a ~ A
gﬂmqnizuaﬂ (cylinder shape pore) ganuluoon lyaunailszan wu DQUUN, UNUNULFYN
1< 9 A a [ 1 . ' [} Aan I Y A o
1wuau HAZIWIUNNANINFDIIN (void) TENINDUNIA LFU FAN wudu INTUDINANYUL
= Y 3 A A A o A J A Ao 9
1IRYINUNADA (uniform size) wiaamuaﬂyngwnaunMﬂ (funnel shape) HTDUANHUSANY
. @ 1 I~ a a .
WIAHN (ink bottle shape) Tasgnguaanaernilugila (close pore) Jitlariiganiauded (blind
A =y ] & 1 dy I a A
pore) maggﬂﬂmumaﬂ (through pore) mgwqummummwﬂaamﬂu@’dizmﬂgwqu@u

) Y
. a 1 v a g
(isolate pore) H300195M 310U TnssAaAanUgN U RaRATU pore network A

TagdnyuzueIgnguaTaNsa 1401031 uved N, adsorption-desorption

isotherm c‘fﬁmmaauﬁmm TUPAC 18 6 31111 (type) awanbaz Tnseas o nuues

[

o v a 3 { o
?f”ISIﬂfJ isotherm mmm LA NUAUNUD ﬁ 1’1’JNTJ'E?JW]ﬁmﬂﬁllﬂﬁquiﬁilﬂuﬁgﬂﬂﬂcﬁﬂﬂu
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‘WuN’Jﬂli’)ﬁﬁ"li@]?’f)fﬂﬂﬂ‘]Jﬂ’Nllﬂ‘LlﬁﬂJWl! Llﬁﬂ\i‘luﬂWW‘ﬂ 25
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Reigtve Dressure ——
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d‘ 4 [ v Y 9 o 1 Aaaa Ao
HMNN 25 ul’f)T“l)’L“I/l@i‘lJ‘ll’fNﬂﬁﬂﬂ“h’ULlﬁgﬂWﬂ‘ﬂ)"Uﬂ’JﬂﬂT%’ N, ﬂlﬂﬂ@?!iﬁﬂgﬂiﬂ?ﬂﬂngu‘ﬂﬂ 6

JUuUVLIIRY TUPAC

31 Brunauer et al. (1940)
- % 3 Ao < f . £ A dy Aa
Type I isotherm llﬂW’UGlWUENLLGUWIMEW;WUummﬂ (Microporous solids) Sf4UWUNNY
] 4 a [ (9
MEUDATIBY 191 activated carbon, molecular sieve, Zeolites Hazoon lsauariia MIAAFULNTAIL
a g A v o o do a o Y { .
AATUAANVAUTUNNT A9 (<0.3) tazinamsgatuludnyae Nty mono-layer formation

process

3 A A o 1
Type Il isotherm L‘}Jugﬂuuu isotherm mﬂﬂmﬂmi@@%ﬂuﬁgwqu (non-porous)
A A [ v A a dgj v .
maugwqumumimp} (macroporous) mi@,wumﬂﬂmuumﬂmmu monolayer-multilayer Tag
= o LY B J o [9) @ <3 J 9 o w
llﬂ”Iﬁ’TﬂIﬂ\ﬁ/Iim B muﬁm’nmi@ﬂmmmﬁiuaﬂymsz monolayer Lﬁiilﬁ'll‘]aljimuﬁﬁl LAaznNIa

9 1]
M Igad D IuFudU (multilayer) si11)
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(] ] o 1Aa Y [] [
Type Il isotherm hiAvewuLoatinuamanuu19s Uy U lunsaiveuna
1 v
TuTasunuInaefau F9mMsina isotherm HUVHOUATAI 815NN adsorpbent MU adsorbate

WUUNUIMAIAYNIN

. = VoA w YA = . 2 o o o
Type IV isotherm lonvazaundanaldnonsi hysteresis loop FITNNUTNUNIT

a . . Y 4 v o o o
IN@ capillary condensation °lu§;wu;ummﬂﬂmq (mesoporous) TupouAUNANUAUTUNNG 19

o @ A a 4? 1< . (= v A .
mi@@cﬂmmﬁmﬂmmmﬂuuuu monolayer-multilayer wwaenunwylu Type II isotherm

o o A v o o 7 A o o

wmmﬂuuﬁmmauﬁuwmqﬁiumi@@wﬂugw;uﬁuumﬂmwmﬂuaﬂymz multilayer

v = ] 1 = a ] o Y 1Y (24 A d? 1 < @ 1
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a150 19 isotherm gUnuuil Taun eonleddinIvnanldiudns algasolumegaavinssy

[

1 E4
LA EIGATUNTINTUVUIANA NN INAY

Y
Type V isotherm Huww ' l3i1ioein @198u Type III isotherm A® OUATNIB1TLHIN
Y
@ o Y 1 . %
adsorbent N adsorbate HuTitloournrIouny ludiae Type V isotherm Wnwulu porous adsor-

Y
bent VINFHANITU

Yy Wy i 2 ao Y o
Isotherm LL‘]J‘IqufﬂVﬂfJ“lmLﬂ Type VI isotherm Faanvazutuiivle uaasdams

o Y . Ao <3| 5 49} a adg ¥ A 3
aasuluanyae multilayer NNANALIUFUY VUNUAINTIY uniform non-porous 1301111

9 F4 9
uniform ultramicroporous TﬂﬂﬂmwummLmazﬂm%zﬁuﬂmzummzqmmuﬁw UDNIINUY
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9
J Y [ (24 1 @ U
ﬂmJqﬂmmazwﬂmﬁmﬁﬂmmmmsa”lumiﬂwmamﬂﬁ“lmmaz monolayer f199814

{ o ' o I s a
Y052 VN 1A isotherm 3UuuVil AU MsgaduunaeIsnounensnounu graphitized

a

carbon blacks Ngugived lulasmumad FasnwanbuznmsdnEewnivesingeseld 2
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Uy 1o
. A Aaa A v A @ Y ' 1 g ~
2.1. Amorphous silica A9 G])"dfﬂ“l/lllﬂﬁ%ﬂl‘iﬂ\iﬁ?ﬁluiﬂﬂﬁﬁﬂﬂEINU],ML‘]JM'B'MUEJ’U

. o A aa A v A v o 1 [ =
2.2. Crystalline silica A9 GI)'@ﬂWIlIﬂﬁﬂﬂliﬂﬁﬁﬁﬂu@m%ﬂui%mﬂu
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aa . Y aa a v A % 1
AN (SIO2) ﬂﬁzﬂamaﬂaw’am’awaﬂeuuaxeaﬂcmmmimmagiu

'
1 I

@ aa a & 1 ] <
UMY 19A528ATA (tetrahedral) uHvenBo0N 11 3 U@ auAadluTATIT9MNIBTLTT Aol)

'
== o’wdow 1

Y < < an '
aﬂ‘Hﬂlgﬂ'NﬂWEJﬂWWL‘l]usllf’)\ulsllx‘]ﬂﬂﬁWﬁqu (pore) “ﬁaﬂWﬂﬁgﬂ@UﬁjﬂﬁHWQﬂ%uﬂﬁ']ﬂfll 2%y

u

<3 12

1414 siloxane bond (Si-O-Si) sta silanol group (Si-OH) Tagn silanol group AT UNIN '6\1‘13

1 a Aaaa A =\ va 1 [V 09/’ = Y o A 9
ﬂ@ﬂﬁlﬂﬂ‘ﬂgﬂifﬂ Lummﬂmﬂmﬁwmﬂuﬂiﬂ@auq muum"lﬂumimgmﬂmﬁummiuma
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Al9s2 Temilumsuenans aszdiuldnnmaigannlddumansnluaeduime 14

9 @ ] ' v o ] < .
QTHﬂTQ@WUTﬂiNTT%iﬂi’]ﬁﬂu'ﬁ)ﬂ’NLLWiWﬁ?ﬂ T@ﬂﬁy silanol 83300 ONITY free silanol,

geminal silanol 19 vicinal silanol AININ 26

Siloxane bond
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Freesilanol 0 0 © v ) ¢
N J hY I \ID'SI"-(?-Si"O‘/I m'-’Si—OH - '\,-'icinﬂl

Geminal silanols
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51 MIFUATIZHFAN

o @ Jdaa o ]
Taem'li) msdannziganmlunsgaamnssy i ldTasmsiimsen
Y] = 4 A Y a I =S Aaa £ g’ A 091’ = o
vaous i Isdeumsvea e linaluIndeudamagsazaroiila s1niuvai
Y I 9 v a A yan AN o 3 a 42‘ [ Jan
asazaelitlunsadensadanlin vz lagamnldnvazidunuiady msdunszidam
Tungaamnssudnisnil i ldTasordol jsoreendiaduvesloszmovesganounnse

A lsdamuaunsn (10) N30 a1

SiCl, (g) + 2H, + O, (g) < SiO, + 4HCl (10)

W3®  SiCl,(g) + CH, + 20, (g) < SiO, + 4HCI + CO, (11)

4
9 aa 4 (%

HINITNUU Glfﬁﬂ'lﬁ'liJWfiﬂWl%8%1@1@891ﬁﬂﬂ5$ﬂ3ﬂﬂ151%a -L3QUBDN
an o 4 . an I ~
Fanouoanon ke (Brinker er al, 1990) 1ag2s Isawariunszuiumsnasuaniuzain

A a ' A A 9
VDIUNAINLTINIT “Sol” ﬂﬁ]giugﬂﬂl@\‘l'ﬁ1iu"ll’3uﬁﬂﬂ‘ﬂﬂSllu'lﬂﬂ'lgﬂ'lﬂﬂi%iﬂﬂ! 0.1-1 UliJﬂiE]‘L! Gh’i

I~ 2 Aa 1 Aaan Ao W = Aaaa A
uvewdaniFend “Gel Ugnsend g lunseuiums lva-oall 3 Ugnsene

1. Hydrolysis: M-O-R + H,0 =M-OH + R-OH
2. Water Condensation: ~ M-OH + OH-M = M-OM + H,O

3. Alcohol Condensation: M-OR + OH-M = M-OM + R-OH
dwisuignsen lalas lagadnyuziinano

(RO),-Si-(OR),+ 4H,0 — (HO),-Si-(OH), + ROH
= o aaa v @ a dgj 9 Y Y I
Gluﬂ]ﬂlgLﬂEJ’JﬂLl‘]JQﬂifﬂﬂ’f)u!,ﬂulclﬁfl‘!ﬂLﬂﬂ"lJ‘L!W'i’(’)?Jﬂ Tﬂﬂiﬂl‘ﬂu Water

Condensation 3¢ UaNHAULNTNALLIY

(HO),-Si-O + (HO),-Si-(OH), —  (HO),-Si-0-Si-(OH), + H,0
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?ﬁfl Alcohol Condensation 9Z1NALLLU
(HO),-Si-(OH), + (HO),-Si-OR — (HO),-Si-O-Si-(OH), + ROH

A a d? a aaa o 1 I e
mslsznouMnatuszinalfnsoneumusduas lUvunateiu Silica
] d' = 1 2K A AaAan dyl AaAan = Y
Network 08 1uan1zNFenI1 “9a” a5enlnse1tin Ugasen Inaneuaussu (Polycon-

densation)

(HO),-Si-0-Si-(OH), + (HO),-Si-OR —— (HO),-0-Si,-O-(OH),

]
v S 1

adddyidinanesnsinsinalnsens pH dasalnsen oasidiu
g’ a o QBII [ 1 VA ' o 1 Y
Twaveaiwas langaaoarugungil auiumsaruguiladamartinaagaiuazdawaln
AN YA » 9 wad 1 o A A ! J
Tranaziwai lnllanvaz Inssaiauazgguauianaenu laemniz 061989 pH Nogdinane

Y Y 1 1 v W {
ﬁﬂ‘]elmgiﬂ‘i\‘lﬁﬂ\i@m\uﬂu“}fﬂﬂ\iuﬁﬂQil&ﬂﬂ/‘lﬁ 27

* Acid-catalyzed

— yield primanly linear or randomly
branched polymer

* Base-catalyzed

— yield highly branched clusters

d' Aa A AN W @ 9 = Aaaa
HMNN 27 aNTNaVUDN pH Vlllﬂf]ﬁﬂ‘Hm%ﬂﬁi’nl@]’)"U’éNIﬂi\ifffﬂ\‘ﬁlﬂ\iNaﬂﬁluﬂaﬂimicﬂﬁ-mﬁ

131 Brinker and Scherer (1990)

{ <3 VoA { < o I
210NN 27 azmiu lannanzndlunsadnyas Inssadan 1dazilu

{ a v qu Y A
Branch chain Polymer JuvaizNan1z1ud921nan133Iu@ 11U Branch cluster N93iiH0911910
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931N 3NALYNTeNTENINIMINAUYNT 81 Hydrolysis 11azCondensation 1g (Brinker and
Schere, 1990) W‘UﬁTﬁ pH ﬁ@‘h Rate of Hydrolysis > Rate of Condensation a ﬂymzlﬂaﬁul@slj W
swdnuedralu i ldinamivgasenvedny —OH lddhedunamsaeaislse1ieon
Fotqasedmfuan1IZ A pH Mg Rate of Hydrolysis < Rate of Condensation ansaizivai 1a
W5 Led LY TaennmsAnEIRan1Iy pH A1 wudi pH dn1 2 msazane

voaranmazdl uanaluning 28

- — —— >

Under basic conditions,
condensation rate > hydrolysis rate;
resulting gel is more highly branched

Under acidic conditions,
hydrolysis rate > condensation rate;
resulting gel is weakly branched

Relative
reaction
rate

Condensation

Hydrolysis

—— > Increasing pH

v
aA v v a

MW 28 INFHaved pH NAvdnbUzvewaTIMIAalgnTemMsswar lulgnser lea-wa
N3: Brinker and Scherer (1990)

a 1 a 9Y o Aaan d’d
maau Iavesas e Tuanavzinaa1nmsil§nse1ved monomer il
¢; qgj a v W Aaan A d' 1 1 I o
waa Tuanamnntiuzinans3maInu Ul §nsen condensation tivodad e 1o InNdnyuy
I~ 1 1 1 1 c'n |d'
Wulasesnaniieg ludruvesanuamnsalumsazasiimdivinavesoyninazgaogn 2-

{ @ 1 [} a 4 o ] §
4 nm uah pH > 7 anvazmineae s InamesazAd1on Uy pH 2-4 aadlunini 29
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Z.
e
=
- DISSOLUTION =1 g
2 =
7)) [
E -
2 12
= =
o} @
5 d =
E -
> 2
S 2
3 ik
Q
—
12

H Aa A { [ 3 o Aaaa
cﬂTIN‘ﬁ 29 INTNAUDN pH ﬁflNamamiazawuazmmﬁuamsummaiuﬂgﬂiﬂﬂ%a-ma
#1301: Brinker and Scherer (1990)

Tunmd 29 WU Monomer 2219111561 UNGUUDI condensation
species NVUIADYNIATHYNINNTIZTINAIND aggregation particle 1HDIINANNA T I
[ 1 4 9
msagaeinnIuvesFanm mlnvueeymativinaluglunsuuiavesoyninazvgn
VIBANLDANILUBINTALA18TLH I smallest LAY largest particle HALANAINUNIA Tu
v 9 9 9
An1z# pH > 7 TiA1 growth rate Yuogn particle size distribution. UBNIINHTINNUITEVDS
Sierra et al. (2000) a3 ou i Isnosasan11n lsaeusama 11U pH 2-6 WUNANHUE for-
. . A qua & . . o R

mation LA aggregation o el silica particles T HARUA Y pH MinuvUA® WY pH

aaa S

<3| { a o
YA particle size 928AA9910 10 nm 1idlu 1 nm uazh pH > 5 Tasgamginsilgnsed

]
1 o o

o3| 1A a o Aaaa 1
AN anyuzoynIAZIIY Spherical 1A pH > 3 Tasgungiuesmsitiljnseniinim

Y < @ {
ANYAUZUYDIBYNALITIY Polyhedral AdLAAITUNING 3
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MW 30 BnFNaveq pH NaHARANHALMITTINAIVDIBYMAYDIR U NN F 01 AR HA e
mAHA SEM Ndn12v0q pH M0 (a) pH 1.85, 45 °C, scale bar 50 Im, (b) pH 3.90, 45 °C,

scale bar 20 Im,(c) pH 4.20, 45°C scale bar 10 Im and (d) pH 5.30, 45°C, scale bar 2 Im

fN: Sierra et al. (2000)

' '
Ay A o =

9
YNNI NUIVINRINMIANBUNINUFANT 18 Sierra ef al. (2000) 191383 Meso-
- 9 = Aana 1 [ 3 A A =
porous Silica laa 14 lAguFaINATINAY non-lonic surfactant 7 pH 2.0-6.0 WU D pH A1
A dgl o Y = 3 = ~ ~ A1 o
WY 92 1 UeeYMANYNARNEIN 10 wm 94D 1 um N pH 1.85-6.00 1Az pH NA

N9 3.2-3.5 drdaNaneMsTsInuveseymai Iianuazmssaudndenumsing

v
=

4 [ v
Cement UenINHgaMgl lumsms suiinaswArefeNan 1z pH i waguvgigaanyuzi
I~ . 4 o a 1 v .
lAveseymasziilu Spherical tHipanndasimanaluriszeznarvesnssmauilu Micelles
1 a v Aaa 1< ) ' v . . .
aemian Tnvesmiszam wtudiftmua lnseadaua lunsalens lifetime of the micelle/growth
. e A1 o o Y @ aa a yy o 9 A ax 1 o
time of silica wall in1d1 1 ldmssaumvessanuia lad Tunuassiudnuilogumgiitiaiding
o I 1 1 3 % a g 1A
Tranvazoumailu Polyhedal NN A1W0e pH A1 pH Hudniuaumanailu micelles Wi pH
a & . a 9 o Y v a d . a yd A a
> 5 manaiilu micelles vz1na AU i oasIMsAaTU polycondensation 1ia 1A5 M gauvgiiga
’ o a gy Ayy A I . ' a g
m3vlosud T u meso-porous azina ladeynAN lavzlinnuilu arystalline innnmsnaiu

{ a 2
amorphous NiAa A& Twaa il wwa
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(% Y

av aa
NUIWYNINIVOI

4 v 4 a a y
Knoblich and Gerber (2001) finy1504m359u@nilu Sio, e ndninaves pH 0
' J a = osll Y A g . e . Yy aa =
AINAADNTINA TAgASeNINAITAIAUNITI U Sodium silicate solution AYITNITIATEIULLUL
A aa ) Aaaa a 3 ¥y A A A d?
Tﬁmma Nﬁfﬂi‘lﬂﬂa@QW‘]J’J'I!ﬁJLLiﬂ“D’ﬁLﬂﬂ%%VHTJ;]ﬂifJ'l!.ﬂﬂ!flJ‘L!I“]fﬁ HANNIYUNHUINNTIUIL
a LY~ [ Y 1 1 [ [
LﬂﬂﬂTii?Nﬂ?!ﬂuaﬂ‘Hﬂlgﬂlﬂ\i!ﬂﬁ Gluﬁﬂ']')%ﬁ]ﬁﬁlﬂﬂ pH TI%?NNa@m\iiﬂﬂﬂ@zﬂﬁNﬂl@\?ﬂ'ﬁ

FIUAT VUIAVDIDYNIAITUAUATOAIUMINTE BRIV Tuana Tah pH 2-5.8 a1 141y

[

a g = @ A @ A a J A
msmmﬂuma%zaﬂaﬂummzmmﬂumumaumﬂmamaﬂumﬁﬂﬂm Cluster 9¢1f1 Fractal

. A A A A ' Aq ¥ a g A £ 1
dimension 19NN 2.2 Tunsain pH 411N 5.8 na lsveunalumaaziiuyuuaa Fractal

. . v A A o A A [ &£ g A A 1
dimension NaVUMAaAAIUIAIUTZIINU 1.7 DUIHBININN pH IMnu 2 %Q!ﬂﬂﬂﬂ“ﬂlﬁﬂﬂ’ﬂ
y v v
AA Aa

{ g o A {
Isoelectric point of $i0, &4 yAHNUNFIV04 Si0, MTuausuduvzgnatuauiae Si_ . OH N

surface

A

d  w o . o A A A d? A . . 3
U HDTUNUTLAY Si0, AIdUIUD pH UANNNIUDINANITIY Tsoelectric point Tutana Sio,
{ J a o ] o a { a @ o
atuTsavzmamswuiu e liinamsnasuuilasue Surface HaNUse T maus
senanluanaua o pH 5.8 111 gelation time HAd 1M 1u19d U049 Surface 1hAll Si_ . O
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[ 1 y 1 d' I A 42’ Y a 4
dadu Fe-Co/Sio, nuinile Inueadilsunannniua Idamsina lelasmsveu C,-C,

A 42’ 1 @ a a o 4 {
LWlIﬂJ‘L!LLﬁ%’(?f’JuV]Nﬂﬁ‘]_lﬂﬁlﬂﬂwaﬁﬂm"lfﬂE’ITWJ?HT]JE]‘L! C5+ ﬁﬂ%ﬁﬂﬁ\i

Mirzaci ef al. (2010) MM3ANEIAAT1A501 Fe-Co/SiO, MATINAIONTZUIUNS
[ { o 1 I [ 1 { { o Aaan 1
Txawa TaenuNdaaIu 40Fe-60Co Hudadiunimingaungalumsinlgnser wun
a A [ v 09/1 1 v v o ) J s
BNBNavDITATIUAITAIAY H,/CO dawanomsmmsuilasduvesmansuouuouon las
a 4 Eldd' A [ ] 1 =S 9 a
uazmaina lalasmsveu C,-C, ldangane dadiu 2:1 taznunmsniouasmaiin laa
k4 v
nasgneliinadslsznoudaasefszning Fe-Co Aauamsrniigaungiganazdanuaiei
[ o Aaan a [ o d? d' o aaa A d‘
Menaansnnljnsenzinadaassamanniu Tasannsimmnzanlumsinljnsenen
a @ 4 Y Y] [ 4 o a I
garifil 350 °C ANwAY 3 115 Az Iiansulasiuvesmamsveuuouen lsauazinaily
a o J 4 o a J o A as =
nannual lalasmsvoudman Toaduduia lwanadmuiniiga nazdsmswiounuy Tya-

dyw o Y a a o S A o A Y
maum‘wﬂmﬂﬂNaﬁﬂmcmﬂunmumaﬂmﬂ
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¢ asa
gUnsamazizms

gunsal

o [ o d v [ Aaaa <3 4
1.1 ﬁ"l‘ﬁﬁ‘]Jﬂ'liE’Nlﬂi?gﬂﬁjﬁﬂﬂgﬂiﬂ%ﬁaﬂ-I‘ﬂ‘Uﬂﬁﬁ

1.1.1
1.1.2

1.1.3

Y
nsalalasnaosnmduiudseas 37.5 Taeriwiiin (37.5 %wt conc. HCI)
Y v
WINaU

man Tunsa Fe(NO3)3.9H20 #an1ae Quality Reagent Chemical

4
Product ANMNUIENT 99%

1.1.4
UTANT 95%

1.1.5

Tauoad lunsa Co(NO,),.6H,0 Wan 1ag Carlo Erba Reagents A1

TaAeNTAINA Na,Si,0, (27 wi% Si0,)

12 dwmsumsinlgaseilanyes-Tnsid

1.2.1
[ o @
UAE 3109 (WHIYU)
1.2.2
PNANHIFU)
1.2.3
NANHIVU)
1.2.4
1.2.5
1.2.6
< J o w
IFURDT 1NN
1.2.7
1.2.8

(4] 4 o a Q‘f a o a LY
MRS DouUOUEN l3A (CO) UTENT 99.99% nnuitn Insdudmason
2] a = a o a o = 4]
ma laTasou (H,) u5gnT 99.99% 11nusEn Ineduamassauna

2] a = a o a o G 4]
ma TuTasiou () u5gnT 99.99% 1nusEn Ineduammssauna

2] A A a = aov o < J o w
s aaey (He) UITANT 99.995% NUIHNAATNIUAULEUIADT 31NA
%) Aa = A v o < d o o
m%‘laimmu (Hz) UIFND 99.99% NNUITHNAATNILUAVLEUADT 1NN

4 4
ﬁﬁ“lf@?ﬂ”lﬁﬂi?ﬂl‘ﬁ (Air Zero) UTGNT 99.99% NNUIHNNAATNIUAY

loud (Glass wool)

Quartz Sand Silica
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2] 9 o J J
NYFUINTIIU (Standard gas) ﬁ1ﬁ§ﬂﬂ13ﬂ@uu@u@ﬂ1“ﬁﬂ

4 4 J
msuou laoen leauaz lalasmsiveu C -C,

L4
2. 9ilnsainmInaass

-5% Carbon monoxide, CO
-5% Carbondioxide, CO,
-5% Methane, CH,

-5% Ethylene, C,H,

-5% Ethane, C,H,

-5% Propylene, C,H,

-5% Propane, C.H,

-5% Butene, C,H,

-5% Butane, C,H

47710

L ) o 1 aaa
2.1 ginsallumagssuansalgase

2.1.1
J
ADULIAULEDT

2.1.2

vIAfuNay YA 250 Haaans (Round Bottle flask 250 ml) tiag

Wo¥liA0s (pH Meter) Han 1ao iSTEK 31 720P Tnnosuuia 50,

100, 500 ¥aaans (Beaker 50, 100,500 ml)

UNALAIAUAIT (stirring rod)

LN AN TUNINENT (Magnetic Bar)

N3ZINUIWAI (Glass plate)

Fronsziiioanunndou (Porcelain crucible)

NIEUDNAN (Cylinder)

n30eldaueueznIuuLILIED (Hot Plate and Magnetic Stirrer)
30T 1MIn WaAR Tau Mettler Toledo 4 PR 503

11101 Waa 1Ay WTB binder 31 7200 Tuttlingen

AT WA9 1a8 Sciencetific Promotion tj:u Carbolite
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2.1.11 Glgﬂqﬂﬂﬁﬂi'ﬂimﬁﬁlmuqmumumﬁ (Suction flask + buchner funnel )

L a a 1 aaa L2
2.2 ’Q1Jﬂﬁﬂ!ﬁllt!ﬂﬁﬂﬂﬁ@ﬂﬂig’mﬂ‘ﬁﬂW\Iﬂ'li!ﬁ\‘]‘l];;]ﬂiEJ']LLﬁ%ﬁiJ‘UGWINﬂ']fJﬂ"IWGUﬂQ

fusalgnsen

wvAa ] aaa af 4 4 d'
221  ganadeuguauianiasalgnsedmeses-Insid (nmin 31)
222 vegUnsaluuuusTIANTIHATe (Packed bed reactor) I UATU
Audnaraneuemifiy 3/8 ia
223 1AT4ALANEATINT IaFeuedunave iy (Mass Flow Controller)
CO uag H, (AAlborg, Model GFC17 and GFM17)
2.2.4 Lﬂ%"ENﬂ’J‘]Jﬂllﬂ’ﬂlIﬁ’uisz (Back pressure regulator; BPR)
225 WNAUANQUNNNSA TUNA (Tubular Furnace)
226 wovlnnuiou (Heating Tape)
227  mesluaeilila (Thermocouple)
A o o [ v
22.8  1A5093A9A31M5 Inavesniwsiu laeldwese1ms (Bubble Flow Meter)
229  ATBNINIATNHMBIALTTNOVVBINAAT AN Gas chromatography (GC)
-GC-FID Varian-Model CP-3800 (column Rt-Q-BOND) 1151
a d a [ 4 4
AnTziRaanua lalasasueu C,-C,
-GC-FID Agilent-Model 6820 (column ZB-1) dmsuanaed
a [ o o
HaAN A L Tasasuon C ,
-GC-TCD SHIMADZU-Model GC-2014 (Unibeads C 60/80) amsy
ANTIZHMY CO, CO,, H, uag CH,
2.2.10 17394 Quantachrome Autosorb-1C ttaz T5UATHIATIZH N Quanta-
chrome Corporation
2.2.11 19309 X-ray Diffractometer (XRD) #a# 1Ay SITEMENS 34 D 5000
(CuK0OL 40 kV, 40 mA, Ni filter)

2.2.12 1A504 Scanning Electron Microscopy (SEM) W@ Iag JEOL §u 5410-LV



Temperature controller

e

Pressure gauge

A S/
Fixed bed reactor

[vi] [wA] [we] %

. ey
7 ' -
GC e
N, H,| |CO ™"
3 \4
Vent

/i 31 yaginsainaaeulszaninmdusalnsenlulasedlamyes-Insid
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oA

IEMIautuY
1. MIIATOUANT ﬂ‘ﬂﬁﬁ?fﬂ Fe-Co/SiO, (Catalysts preparation)
ag = % [ ad
1.1 I3M5938ua1503951 1a893 Ia5a-19a (Sol-Gel method)

[ Jd v v Aaa [ o
MsdaunsIzRaIsesusam sio, Tiiidnyuzvesgnguuuud lanesd 91n
msazae ImAeuTaNaaI1835 Iva-19a (Witoon e al, 2008) 15uanasazats Tyasugama
& 3 @ Y a
(Na,$i,0,) Fuiluasasdu U5u141 pH sy 4 dronsa’ls Tasnasandiudu (conc HCI) uda

i1l §ATen Hydrolysis Hgaingil 40 °C A3 25eulumsiluniu 350 rpm wu 20 $2Tug

9 [ v
911MIui1fATe1 Vapor condensation 11 Autoclave Ng@unqil 120 °C U 20 %1103 n30sdae

QU

a

S o q Y v A ay A o o A a L 4
mﬂauuazmﬂmmmqmwﬂmﬁm WUNeRIAaUe LR ANNFUNYUAN 110 °C WU 2

QU £ QU

v
a [

2 T udnir gl 450 °C (2 °C /min) WK 5 F2 19 LAAIAIN NN 32

] \
Na,S$i,0,+ H,0+HCl Hydrolysis and Condensation
Temp =40 ?C Time 20 h

Na,Si,0,

T

P —

-,....//
Dry at room temp. =
Calcined Hydrothermal Treatment

Temp =450?C Time =5 h. Temp =120 ?2C Time =20 h

MNA 32 LHUMNITNIRToUA15995UTANMA2073 lya-19a
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ad A @ 1 Aaan <] o o W .
1.2 Awseudnsalfnssunan-Iavead Iagn13iledd (Impregnation)

= o 1 aaa . d' Y 1 1 9 Aty o Y
M3 8UANIIRATE Fe:Co/Si0, NOATITIUAINAIITRIAMUVUAA (Dry
° <3 . .
Impregnation) Tagiia1satenauvesalIsazalgman Fe(NO,),.9H,0 (Ajax Finechem, 99%)
o { o 1 <3

Hazasazaeued Inuean Co(NO,),.6H,0 (Carlo erba, 98%) Ndad1u Tasuiaved lavizinan

Ia I 9 :j o Y 1 Aaaa qg.:‘ o a ~
wagTane Inueaanailuiesas 20 Tastimitinueansa§aser 1ntiu iimsan Tarign
daauaag 13un 100%Fe, 80%Fe:20%Co, 60%Fe:40Co, 50%Fe:50%Co, 40%Fe:60%Co,

F7 ]

20%Fe:80%Co 1Az 100%Co 31N HuinstadiasuudlIsessunmi oy 1801075 Tva-1oa
Y Y 1 Y ]
asna Bldoud ihliidaasandraazanudulanildeouIdudsigumgil 110 °c wu 2

a

& o e o, 9 y d
3 T anuiir T (Calcination) 1410 11W1AWFOUGI (Muffle furnace) NI 550 °C

U

1< o { 4 9 3 { 9 ] Y o o ¥ @ J a
Wunan 5 92 Tue saaslunnd 33 welmdundn lededelddmssimuadyanyainis@y

Tav 19U 80Fe:20Co UNUANINHATE 80%Fe:20%Co VUAITBITY SiO,

SiO, powder

Dried at room temp.

MWA 33 UWUNINMIIAToUANT U387 Fe:Co/Si0, A1875n15HIAT (Dry Impregnation)
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a d A
2. AATRAAUTUUANNNIYNIN

a 7w = A < s o 4 v 1

WNTERANBULHANY Tl (Phase) vouranuaz Iaueadiiuesfilsznonludisa
UfnsemenaimawmNgungiige w1 1d9nn3e X-ray diffractometer (314 SIEEMENS D
5000, CuKa 40 kV, 40 mA, Ni filter) M scanning step 10D 0.02%/sec 1AY scan N1 20 5LHIN

10 94 80 degrees

a o 1 g {a o
’;mﬂzwmmﬁuﬁm N1INTSINYAIVBITNIULASUVUIAIWIU (BET surface area mea-
Q .. Y = . .
surements/BJH pore-size distributions) Taalgmatina N,-physisorption (31 Quantachrome Absorb-
' A a J g Aa % 1 aaa o w § 9
10) ApusAMIIEH AV IRAT vz gniTanudueon/ e 1dgyaInA (Outgas)

a

{ IS o @ 3 o a ¢ A a o3|
ﬁqmﬂﬂll 250 °C lL]JUL'Ja’I 15 (’KQINQ AT UUNINITAUATISH ﬁqmﬁam -196 °C Lﬂm’Jm

U

=

372 UM

a [ o < @
’szﬂz‘ﬁ"ﬂ1aﬂymzeummgﬂ1ﬂua3miﬂizmammaﬂawzmammﬂﬂuaaéfuum
1Y) 9 A 9 a JY q e
095U Tﬂwayjaﬂng’mmiwwmsj Scanning Electron Microscope (SEM) (JEOL: JSM-
a 4
5410 LV) g Transmittion Electron Microscope (TEM) (JEOL: JEM-1230) L@aZUATIEHIN

a J a
anuenusalumssadalemaiia Temperature programmed reduction (TPR)

a 4 ~ o Aaaa

3. Anszmanzimnganlumsiilgasen
MANIN YN8 Fe:Co/Si0, Nadmanginson Iagdsmanuuiedinssglu

a J a @ o

Ufnsalnuuiwaa (raauad 316) U5u1a 0.5 N5 Dilute 710 Quartz sand 1.5 N5y uaz 19
9 ]

AveedNsalRnsenegsznieiulonda (Glass wool) tivetloeiu lu1d wavesdusalgnsen

A Ao ~ [ ~ o v Aaaa I A a Y Y ) a J Y o
AABUNANNINN 34 dannnussyausulgnseuunGeusesuadd inlgaseitlsznouaniy

¢ o ¢ = ¢ 7 o = g Ao =
gagilnsaimsduaszruuuinyes-nsild danmi 31 Taslumsnaasansaiiimsany
Y A 9 o Aaaa Y A aa 1 = dyo/ Yo

Tagnrugums Inavesmasi 14l aseuiiny 30 Jaddnsaeuii wenanidalionsims

a [ Y

TranuSouminy 2 °candl uazgauguguugiimenaimsdiganizaugauiu 20 41 1u9

G

Y o

d‘ = d‘ [ [ o’d‘ aan
mefnyIMslasumlasvesmaduasginlsinlgnie
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Catalyst

\

IIJ Thermocoujle Cilass woonl

/ Y 1 aaa 1 a o
MNN 34 MIVIIPANTNYNTO Fe:Co/SiO, Tunolgnsainuvunaiua

=2 a a @ @ 1 aaa A o o Aaaa o J
3.1 ﬁﬂ‘]&l1@T]‘ﬁWﬁSU@QﬂWiﬂiUﬁﬂ1WGl'JL5\T]JQﬂifﬂ‘ﬂﬂ’iiﬂgfmﬁ'lﬂﬁﬂﬂ;]ﬂiﬁﬂ‘i/\l"]ﬂ,%@ﬁ-

Tnsidvesdns alfnsen Fe:Co/sio,

o a A () { [ o [ Aaaa [ 1
RmsansanswavesmanlslunmsdSuanwansslgnier laeldanss

UgATeidadau 50Fe:50Co/Si0, Smsumsinlgasentlmyes- Insid iommaimngau

v W v

AU NI N50139 Fe:Co TaoAnmsdivanmvesdnsslfnseineumsiilfnsedae

)

1 2 s o ) o A a )
ﬂ"l“]fulajﬂﬁlﬂu ﬂ']“lfﬂ']ﬁﬂﬂuil'ﬂu’f)ﬂulcﬁﬂlm%ﬂ"l“]fﬁ'\‘llﬂﬁ"lgﬁ (Syngas) ‘VIQ'EHWQ‘JJ 280 °C ANUAU

J o 1 o aan 1w o a d a o J 4 )
5113 ﬁﬂmumimﬂgﬂﬁmmm H,:CO tmnu 2:1 LL%’J‘VHﬂ”Iﬁ'JLﬂ31$Wﬂﬁﬁﬂm“ﬂﬁlﬂﬂlﬂ§@\1ﬂ1%

Tasu Inns

4‘ 4 (4] dl Y =y ) (% o 1 Aaaa
M31an 6 09A1lszneuvesmanlylunmsnaaeuansnavesmsdsuaamuesansalgnsen

Y (2
A8N1 H,, CO 1ag Syngas (H,:CO = 1:1)

o 1 Aaaa a % 9] ~ 9 Y] [ [ 4] ~
ausalgnsen QNI ANUAY manlslumslsy  daaruvesnian
(°C) (bar) AN 155 vann
50Fe:50Co/SiO, 280 5 H, 1:1
280 5 CO 1:1

280 5 Syngas 1:1
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'
aa

= a A o % Aaan =y 4 o o 1 Aaaa
3.2 Anwianinavesuuinmingandmivlgnseflmres- Insddvesdusalnse

Fe:Co/SiO,

'
A

o a A o ] o Aaan = o o o 1
ﬂ?ﬂTiﬁﬂETﬂﬂ‘ﬁWﬁﬂl@ﬁQﬂ!ﬁﬂﬁJﬂﬁ?ﬁﬁﬂﬂ?ﬁﬂ'l‘l_];]ﬂﬁﬂ"lwclﬂﬂfﬂﬁ-I“I/l'i‘l]ﬁ VBIANUIN

U301 50Fe:50C0/SiO, 101U N NIHINZ ANFMSUANITNNTO1590 Fe:Co Nmuinl
()

Tug9 240-300 °C fANUFU 5115 dadau H,:CO iy 2:1 USuanwdnsalfasendroie

Ao 1 Y

o a d a o Y A ) ~
"laTmmu‘n ATIU 1:1 HAIMNINS AT IZHHAANUNAIATDINI IATH TN

d' [ a ~ 9 A = A ) [ o Aaaa a\ o o
AN 7 ﬂTqm‘VigiJﬁN“]'1/]GI,GD'LW@ﬁﬂ‘l&ﬂﬁﬂ'ﬂg‘VILW?J']%ﬁiJﬁTI’T3Uﬂ?iﬂWﬂQﬂﬁﬂ?V\lﬂfl“b’@i-Iﬂﬁﬂﬁ

anselnsen Ml lumsSuanm ANAU auvgiilg
(bar) °C
50Fe:50C0/SiO, H, 5 240
H, 5 260
H, 5 280
H 5 300

a a o 1 ~ ) [ aaa a 4 J
33 ﬁﬂ‘]ﬂ?flﬂ‘ﬁwaﬂl@\?ﬁ@ﬁﬂu H,:CO ﬂLWNW%ﬁN’L’fTﬁiUﬂQﬂiﬂWWﬂfl%ﬂi-Iﬂiﬂﬁﬂlﬂﬂ

A1391n381 Fe:Co/SiO,

o = Aa a [ (] %)) ~ 9 o [ o Aaaa a 4 o
MmmsAnpensnadadiuvesnsnlddmsumsnilgnsoilnyes-Insild Tae

@ 1 aan 4 o 1 [ A v 1 aaa 1
Tdans91gisen 50Fe:50Co/8i0, tlemdadiumaiiing aunuaus 11§15 Fe:Co

'
v I

TasAnidadiu H,:CO i 1:1, 2:1 uag 3:1 mMud sy Agaivgil 280 °C ANuSY 5 115

q U

[ @ 1 aan ] o a 4 J a o 4
‘IJi‘IJﬁﬂ”IW@]’JLi\‘I‘]_]i‘]ﬂimg}}?ﬂﬂicﬁqﬁjﬂﬁlﬂu LLEQI}’J‘VI”IﬂTi’JLﬂ'iT%‘Hﬂﬂﬂﬂﬁgﬂﬂﬂﬂ]ﬂﬁwﬁ@ﬂmMﬁ}’Jﬂ

N300 1A Tnng 19l



63

q‘ [ ] 9] [ P ) [ Aaaa a 4 4
319N 8 daauvesmedun gz audmsvlnsedanyes-Insid

anselfnsen Mg lums auvginly AUAU das1a
YSuann (°C) (bar) H,/CO
50Fe:50C0/SiO, H, 280 5 111
H, 280 5 2:1
H 280 5 3:1

=2 a a o 1 A ) o aaa a 4 <
3.4 ANHIDNITNVIITAATIU Fe:Co T]L’Viiﬂgﬁhﬁ"lﬁi‘ﬂﬂaﬂiﬂTV\IGHL“]fE]‘i-ITﬁ‘]JET

o = a a [ 1 1 aan aaa a 4 4
MmmsaAnIaninadadiuves Fe:Co lumasallgnsenlgnsenilayes-Insid
Tagin3 a3 a1lgasendaaium1ee 100Co, 20Fe:80Co, 40Fe:60Co, 50Fe:50Co, 60Fe:40Co,
80Fe:20Co 1ag 100Fe a a1 TasAnuiigavigil 280 °C AW 5 115 AdadIW H/CO
Y [ @ 1 Aaaa 9 4] Y o a d Aa [ <Y A
iy 2:1 Ysuanmdas ulgasoaemalalasnu uarhimsinsziraadusidienie

2] A o 1 A
ﬂ’lclfiﬂﬁll’li‘ﬂﬂi’lw WA IUNIN WIS TY

d' o 1 ~ 9 [ o aaa a o J
MAINN 9 aadIUUDN Fe:Co Vlmlﬂzﬁllﬁ”lﬁﬁﬂﬂ”livn‘l];]ﬂifJW\l“])’L%’E)i-IVIﬁ‘]_]ﬁ

anselfnsen Maildlums  gangdinld AUAU LR ol
Ysuanm °C w5) H,/CO
100Co/SiO, H, 280 5 2:1
20Fe:80Co/SiO, / 280 5 2:1
40Fe:60Co/SiO, H, 280 5 2:1
50Fc:50Co/SiO, H, 280 5 2:1
60Fc:40Co/SiO, H, 280 5 2:1
80F¢:20Co/SiO, H, 280 5 2:1
100Fe/SiO, H, 280 5 2:1
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wauazIa1al

[ J

av dy ] 9 o o 1 Aaaa 1 I S A Y
anlszaanueanuITei aiuaA NI AT IaN-1nvean o 14
o d a o 4 4 A 9 dgl 2K o o 4
aunsaduasziHaanu e Tasmsuouniiviae wanage ldunau deihmsduasizv
o ] Aaaa I 4 Y v A = A a 9 ad Y o
ausegnsenTaneman-1aueaduua13 03 UFaME 1519ain3 suA835 Lsa-1oa a1
v v
WannzveamslSuann dadiuvesasnsdu (H,:CO) uazguuginmangaulunmsii
AaAaa = 4 o 9 o 1 aan A o [l osj 2K o = A
Ugnseiyes-Insia Taslyaausslgnsendadiu 50Fe:50Co 1NTUTININIANYTO
] 1 =Y o A w [ 3’ o <3 ¢ o dy
dadiuvedlavie InesidNdad v laguinmin (wt%/wt%) ved lanzivan- laueas Al
100Co, 20Fe:80Co, 40Fe:60Co, 50Fe:50Co, 60Fe:40Co, 80Fe:20Co a1y 100Fe Aud 19 lag
1 3 1 a 4 [ o L aan
HamsnagouLLsoanilu 2 U Ao 1. MIAATIZHAMANHUSNNNENNYOIANTILURN5 67
U o Aaaa = 4 4 { 1 o Aaaa a 4 4
Aeunnseilywes-Insld 2. mannzimingandomsinlgnsedmyes-Insdd ves
o [ Aaaa A < 4 oﬂj = o 1 ~ <
auslgnsenni Tavizivanuas Tavead Mintiudamdaaiunmnzauved Tanzimanuas
L 1 Aaaa ~ 1 Y] 4 4 9 3
Tavead lumsisalgnsoimunzauaemsdunsizd laTasmsuouudaluanags nouns

a 4 [ Y @ 1 aaa v o aaa a 4 J
ANTENAVUANBULNNMINNYDIAN 1RATMenaImsinlnsenlases-Insid
1. andAtazguanyMzNMIMeMNUDIRNsan3en Fe:Co/Sio,

1.1 §nyaZMItATeIAIazULIAYDITNI UYBIAIT0ITUFANMTNIAToNAI83T 19a-190

Fdremailn Powder X-Ray Diffraction (XRD)

% [T

a A o =l Aav dyd aa o ~ = =) 9
Gl’)‘i@\ﬁ’ﬂcﬁﬁﬂ1‘ﬂ‘1/]'lﬂ1im'iElllGlu\1'lu’)i]flu!ﬂuclfﬁﬂﬁ]'lW’JﬂcliIiﬁ]a G]Nmifmvlﬂ%1ﬂ

2

A a J A A Aa Y [ o aaa
N3UIUMINGTENN wa-1wa tenIURuUIAINT ULz NUNHY Iz aunumMsil e
a J 4 d' o Y a 1 Aaa d‘ = 9 esj =
HNwwes-Insid wWerhumaaeudlematia XRD wungamnwmsen ldriuidnvazvoins
v A % [ =® ~ o Y= @ an da'l aa o
daisesimuy lidluwdn SendnvazmsiaGesdrvesganm lugduuuiin Famedugiu

. g v d' =) [ d! S d!
(non-crytalline silica) HaAIAININN 35 TAgd3UtUDYDI XRD Y0I0d M IUGINAIRANINGN
Uszana 20 mM1HD 21.8 #9AAABINUNUINIDU (Martinez ef al., 2006) N@TeUANATIA Tya-

99
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™ Si0,
I I '

10 15 20 25 30 35 40 45 50 55 60 65 70

Intensity(Arbitrary Unit)

2Theta

a

d‘ o [ . d‘ =) 9 as [ d'
MNN 35 gﬂufuu XRD 19901759331 Si0, NATINAILIT La5a-198 NPYUANINININGUN N

450 °C flunan 5 2 Tug

1 1 Y 1
Wohdan i Ans1zialumaiia BET o 1any iz ueagngUiagiuian
o Aaana J ana d' = 9 a osjl S dy a = 2 =
lumsinl§isemun samamseu lannmaia laa-wanulinnuaigede 497 m’/g Hvua
YDININTLNIBAVDIZNTUOGN 8.86 w1 AT dauaaslunini 36 a) FaapANA0INUHAUDS
Aawv { 1T W v Aaa { [ Jd a Y] Jd
U8V Song and Li (2006) NWUNAITBITUFaMMH AN IUMSTUATIZ AN UN
4 3 = L] [] & aa ~ =\ ad
leTasmsvou C,, 1iu arslinoglugg 6-10 uTumas Fagamnsuasou 1aeds lya-1na
Y
Yo Ao

Y H
wuldawewwnagngueglugiuderdu Tassanmisuaio laiulanyus Inseadauuull

Tswoser uu type Iv 9 ldnndnuazuoslo Imisulunni 36 b)
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-~
K
]
5 e
2 -
3 2
a [
z %
S <
b= &
=3 7
| 8
Q =T}
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MIMUIVNBINUMINTINANTHNT8 Fe:Co/SiO,
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M33aNR U333 Fe: Co/Sio, Tagdsmsilasauunitlen
Fe (NO,),.9H,0 17a utana =404.02  Fe u2aluiana = 55.85

Co (NO,),.6H,0 1a Tutana =291.04 Co u7alutana = 58.93
A0819 MADINTIAToNANTIN301 50Fe:50C0/Si0, 1T 3 n3w

a I~ a i o U W [ 09: @ ] 1T W
Tasaailufosaz 20 voelsina Tanenimsdean aaiudeslsdiisossuminy 2.4

nsuge TanzUSuaumisy 0.6 n3u Aadlus v Tualdmisy 0.0052 Tua

A0a1d Fe (NO,), 11171 0.5 x 0.00052 x 55.85 = 0.1425 Tua

Co (NO,), WA 0.5 x 0.00052 x 55.93 =0.1532 Tua

Tuas NN 0.1452 +0.1532 = 0.2984 Tua

Savfu g Fe=0.292 g Co=0.308

Tagia38910  Fe (NO,),.9H,0 = (404.02 x 0.6 x 0.1452)/(55.85 x 0.2984) =2.11 g
Co (NO,),.6H,0 = (291.04 x 0.6 x 0.2984)/(58.93 x 0.2984) = 1.52 g

a

Y < A = @ 1 aaa
ms1ewn 1 USinaTanzmanuas Taueadndesldlumswisuansa§ise Fe:Co/sio,

fidadiude
Catalysts Fe:Co Weight (g)
(mole ratio) Fe (NO,),.9H,0 Co (NO,),.6H,0
100Co 0:0.357 0 2.96
20Fe:80Co 0.058:0.245 0.83 2.39
40Fe:60Co 0.116:0.183 1.68 1.82
50Fe:50Co 0.145:0.153 2.11 1.52
60Fe:40Co 0.174:0.122 2.55 1.22
80Fe:20Co 0.232:0.061 3.44 0.61

100Fe 0.358:0 4.34 0
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pon laauudusalisersaummanIauead S0Fe:50Co/Sio,

References

Name and formula

Reference code: 01-074-1657 ICSD name: Cobalt Oxide
Empirical formula: Co,0, Chemical formula: Co,0,
Crystallographic parameters

Crystal system: Cubic Space group: Fd-3m

a (a): 8.0650 b (B): 8.0650 c (y): 8.0650

Alpha (a): 90.0000  Beta (3): 90.0000 Gamma (7y): 90.0000
Calculated density (g/cm3): 6.10 Volume of cell (10%6 pm*3): 524.58
References

Primary reference: Calculated from ICSD using POWD-12++, (1997)

Structure: Roth, W.L., J. Phys. Chem. Solids, 25, 1, (1964)
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Peak list
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No. h k 1 d [A] 2Thetadeg] I [%]
1 1 1 1 4.65633 15,045 17.1
2 2 2 0 2.85141 31.34¢6 32.3
3 3 1 1 2.43169 36.936 100.0
4 2 2 2 gl g 38.6472 8.9
5 4 0 0 2.01625 14,921 20.0
g 3 3 1 1.85024 4% ,205 0.1
7 4 2 2 1.6d626 55,797 8.1
B 5 1 1 1.55211 5,510 30,8
9 4 4 0 1.42570 65,408 34.5

10 5 3 1 1.36323 668.812 1.2

11 il 4 Z 1.34417 09,929 0.1

12 o 2 0 1.275109 74,3273 2.4

13 5 3 3 1.22%490 77.557 6.7

14 &) 2 2 1.21584 T8.620 3.4

15 4 4 4 1.1e408 52,863 1.9

le 5 5 1 1.12933 86.014 0.7
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Name and formula

Reference code: 01-084-0310  ICSD name: Iron Oxide

Empirical formula: Fe,O, Chemical formula: Fe,O,
Crystallographic parameters

Crystal system: Rhombohedral =~ Space group: R-3¢

a (a): 5.0065 b (B): 5.0065 c (y): 13.6411

Alpha (a): 90.0000 Beta (): 90.0000 Gamma (7y): 120.0000
Calculated density (g/cm3): 5.37 Volume of cell (10%6 pm*3): 296.11
References

Primary reference: Calculated from ICSD using POWD-12++, (1997)

Structure: Finger, L.W., Hazen, R.M., J. Appl. Phys., 51, 5362, (1980)

Intensity [%]
100 Ref. Patterr): Iron Oxide, 01-084-0310

50

. | R
0 | T T a f 4
30 40 50 B0 70 an a0
Position [?2Thetal

a o . < @
MNHUINN U3 @]’]Ll'ﬂu\i"U@\?W\lﬁﬂ]@ﬂjaﬁglﬂaﬂﬂﬂﬂqcﬁﬂ
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Peak list

No. h k 1 d [A] 2Thetal[deg] I [%]
1 0 1 2 3.65%03 24,308 32.2
2 1 0 4 2.68048 33.402 100.0
3 1 1 a 2.50325 35.844 72,1
4 0 0 € 2.27352 39.e09 1.9
5 1 1 3 2.1%290 41.130 18.9
& Z 0 2 2.06603 43.782 1.7
7 0 2 4 1.82951 49,801 35.0
8 1 1 £ 1.68299 54.477 40.6
9 2 1 1 1.62706 5c.514 0.6

10 1 2 2 1.59341 57.819 2.2
14 0 1 g 1.58683 58.082 7.8
| g 2 1 4 1.47707 62.8e7 26.7

13 5 0 0 1.44525 €d4.415 25.3

14 il 2 5 1.40481 66.505 0.3

15 2 0 & 1.34024 70.1e4 2.5

le 1 0 10 1.30123 72.5485 8.8

17 2 2 0 1.25162 75.968 5.7

18 3 0 £ 1.21968 18.330 2.1

19 2 2 E 1.20674 79.335 0.8

20 1 3 1 1.19788 80.040 0.1

21 3 1 2 1.18426 81.151 1.4

22 1 2 a 1518155 81.376 4.0

23 0 2 10 1.15456 83.700 4.3

24 1 3 4 1.13408 85.567 6.6

25 2 2 3 1.09645 89.262 5.9
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Yoyyalalaimonvanus Il nsen 50Fe:50Co/SiO,

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.24

Sample 50Fe:50Co0/Si0,
Sample Weight 0.0437 g

Adsorbate  Nitrogen Outgas Temp 250 °C Operator -

119

Cross-sec Area  16.2 A’/mol Outgas Time 15.0hrs  Analysis Time 482.4 min

Nonideality 6.58E-05 P/Po Toler 0 Station 1
M.W. 28.0134 g/mol Equil Time 3 Equil Temp 77.35
P/Po Volume P/Po Volume P/Po Volume
[cc/g] STP [cc/g] STP [cc/g] STP
5.34E-02 72.6245 7.01E-01  213.6886 6.50E-01  200.2794
1.02E-01 82.841 7.50E-01  252.4096 6.00E-01  178.4918
1.52E-01 90.7471 8.00E-01  313.3364 5.49E-01  162.4233
2.02E-01 97.727 8.50E-01  408.6156 4.97E-01  149.8403
2.52E-01  104.4298 9.02E-01  464.7346 4.47E-01  140.2568
3.02E-01  111.0229 9.52E-01  473.2426 3.99E-01 130.865
3.51E-01 117.9149 9.96E-01  487.2815 3.49E-01 123.067
4.02E-01  125.4906 9.45E-01 472.659 2.99E-01  115.6359
4.50E-01  134.0762 8.94E-01  469.0504 2.48E-01  108.5597
5.01E-01  144.1304 8.50E-01  465.0984 1.98E-01  101.7755
5.50E-01  155.2366 8.00E-01  458.0778 1.48E-01 94.495
6.02E-01  169.9982 7.51E-01  327.3936 9.82E-02 86.186
6.51E-01  189.0616 7.00E-01  238.5904 4.89E-02 75.587
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Y

Yoyaiui (BET surface area) Y947 139U{N301 50Fe:50C0/SiO,

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.24

Sample 50Fe:50C0/Si0,
Sample (g) 0.0437
Adsorbate Nitrogen Outgas Temp 250°C  Operator -
Cross-sec Area  16.2 A’/mol Outgas Time 15.0 hrs Anal Time (min)  482.4
Nonideality 6.58E-05 P/Po Toler 0 Station 1
M.W. 28.0134 g/mol Equil Time 3 Equil Temp 77.35
MULTIPOINT BET
P/Po Volume [cc/g] STP 1/(W((Po/P)-1))
1.02E-01 82.841 1.10E+00
1.52E-01 90.7471 1.58E+00
2.02E-01 97.727 2.07E+00
2.52E-01 104.4298 2.58E+00
3.02E-01 111.0229 3.12E+00

Area = 3.44E+02 m?/g
Slope = 1.01E+01
Y - Intercept = 5.28E-02
Correlation Coefficient = 0.999786

Langmuir constant K = 1.4300E+01
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Poyaiuia US11asgnIuLaz YA NTUYRIAIANIRATe1 S0Fe:50C0/SiO,

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.24

Sample 50Fe:50C0/Si0,

Sample (g) 0.0437

Adsorbate Nitrogen Outgas Temp 250 °C  Operator -
Cross-sec Area  16.2 A’/mol Outgas Time  15.0 hrs Anal Time (min)  482.4
Nonideality 6.58E-05 P/Po Toler 0 Station 1
M.W. 28.0134 g/mol Equil Time 3 Equil Temp 77.35

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA
Multipoint BET 3.435E+02 m?/g
Langmuir Surface Area 5.855E+02 m?/g
BJH Method Cumulative Adsorption Surface Area 3.780E+02 m?*/g
BJH Method Cumulative Desorption Surface Area 3.972E+02 m?/g
DH Method Cumulative Adsorption Surface Area 3.830E+02 m?*/g
DH Method Cumulative Desorption Surface Area 4.008E+02 m?/g
t-Method External Surface Area 3.270E+02 m?/g
t-Method Micro Pore Surface Area 1.648E+01 m?/g

DR Method Micro Pore Area 4.868E+02 m?/g



PORE VOLUME DATA

Total Pore Volume for pores with Diameter less than 4783.1 A at P/Po =

0.99598

BJH Method Cumulative Adsorption Pore Volume
BJH Method Cumulative Desorption Pore Volume
DH Method Cumulative Adsorption Pore Volume
DH Method Cumulative Desorption Pore Volume
t-Method Micro Pore Volume

DR Method Micro Pore Volume

HK Method Cumulative Pore Volume

SF Method Cumulative Pore Volume

PORE SIZE DATA

Average Pore Diameter

BJH Method Adsorption Pore Diameter (Mode)
BJH Method Desorption Pore Diameter (Mode)
DH Method Adsorption Pore Diameter (Mode)
DH Method Desorption Pore Diameter (Mode)
DR Method Micro Pore Width

DA Method Pore Diameter (Mode)

HK Method Pore Width (Mode)

SF Method Pore Diameter (Mode)

Average Pore Diameter

BJH Method Adsorption Pore Diameter (Mode)
BJH Method Desorption Pore Diameter (Mode)

DH Method Adsorption Pore Diameter (Mode)

7.537E-01

7.565E-01
7.581E-01
7.414E-01
7.425E-01
7.628E-03
1.730E-01

1.404E-01

122

cc/g

cc/g
cc/g
cc/g
cc/g
cc/g
cc/g

cc/g

1.436E-01 cc/g

8.776E+01 A
9.556E+01 A
9.573E+01 A
9.556E+01 A
9.573E+01 A
1.145E+02 A
1.780E+01 A
1.473E+01 A
2.768E+01 A
1.140E+02 A
5.199E+00 A
1.409E+01 A

5.199E+00 A



DH Method Desorption Pore Diameter (Mode)
DR Method Micro Pore Width

DA Method Pore Diameter (Mode)

HK Method Pore Width (Mode)

SF Method Pore Diameter (Mode)

123

1.409E+01 A
2.571E+01 A
1.320E+01 A
4.375E+00 A

7.475E+00 A

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF Last Po Acquired 777.05 mm Hg
MaxiDose : ON Initial Fill : OFF
DoseWizard : OFF BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm’ x kJ/mol

ADSORBATE MODEL PARAMETERS

Adsorbate Type = Nitrogen Adsorbate Temp. = 77.3500 K
Molecular Weight = 28.0134 g/mol Cross-Sect. Area = 16.2000 A */molecule
Liquid Density = 0.8080 g/cc Critical Temp. = 126.2000 K

Critical Pressure = 33.5000 atm Average Diameter = 0.3000 nm

Polarizability = 1.4600 (cc/molez)xle_24 Magnetic Suscept. = 2.0000 (cc/moleZ)xle-29
Molecular Density = 6.7000 (molez/cm3)xle14 Surface Tension = 8.8500 erg/cm2

Contact Angle = 0.0000 degrees Supercritical Ads. Constant K = 1.0000
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Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.24

Sample ID 737

Description sioz/n

Comment s

Sample Weight 0.0514 g

Adsorbate NITROGEN Cutgas Temp 250.0 *C  Operator
Cross-Sec Area 16.2 A¢/molecule Outgas Time 15.0 hrs  Analysis Time
Honldeality 6.580E-05 P/Po Toler 0 End of Run
Molecular Wt 28.0134 g/mol Equil Time 3 File MName
Station # 1 Bath Temp. 77.35 BC SW Version

AREA-VOLUME-PORE SIZE SUMMARY
SURFACE ARER DATA

mltiwint BET++Pri1++l-i-i+rrl1+++'rli+rbrliibrli1+rlli rrrrrr
LANgmUir  SULTRON ADBN: « « - asfs i o ame s s a8 iasnsonnShme s maliias
BJH Methed Cumulative Adsorption Surface Area...............
BJH Methed Cumulative Desorption Surface Area............:..
DH Method Cumulative Adsorption Surface APed......eceonwsees
DH Method Cumulative Desorption Surface Ared.......ccecesass
t=Mathod External Surface Area......ceesssssssssssssssassnns
t=Method Micro Pore Jurfoce ACLed. . ..crcsssrsrssssnassnnnnnes
DR Method Micyo POrs AXed....ccccisaasnisnnnsnnassananninonds

PORE VOLUME DATA

Total Pore Volume for pores with Diameter
lass than 5090.5 A at B/Po = 0.99623. . ...vrurnancnnnarrnnans
BJH Method Cumulative Adsorption Pore Volume.......covesca:s

BJH Method Cumulative Desorption Pore Volume.........coccaus
DH Method Cumulative Rdsorption Pore Volume........ceevuscaus
DH Method Cumulative Desorption Pore Volume.........ocesanss
t-“ethm Hil:ro Pﬂm vﬂlmi‘i-l-lli‘-I-I-i11-1-!!111-I-r-|11+|-ll-|-|-+|-ll
DR Hethod Micro Pore VOLUBE.......ovisesssivesrssnnsnssesans
HEK Mathod Cumulative Pora VoluB@.......exssvssrasanansssanns
SF Hethod Cumulative Pore Volum®......essevssassssnsnssnnnss

PORE SIZE DATA

Avarage Pore Diameter......svessssssssnnsssssassansss Y: . .
BJH Method Adsorption Pore Diameter (Mode)........ccc0000000
BJH Method Desorption Pore Diameter (Mode)..................
DH Method Adsorption Pore Diameter (Mode)........ciievuranea
IH Method Desorption Pore Diameter (Mode).....evvrecssrsess
DR Method Micro Pore Width  .esvsvvesnrsssess T IIY
DA Method Pore Diameter (Mode)..siiisssssiisuisiaissnssiiaa
HE Method Pore Width (Ll R N R e
S5F Method Pore Diameter (Mode).......ceocvcvunccnansns i

DATA REDUCTION PARAMETERS

Thermal Transpiraticn : OFF
Last Po Acquired 774.97 mm Hg
HMaxiDose : ON
Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm*3 x kJ/mol

1.979E+02
B.476E+02
5.591E+02
5,947E+02
5.66TE+02
6.036E+02
4.B18E+02
1.612E+01
€.996E+02

1.103E+00
1.112E+00
1.121E+00
1.U%0E+DD
1,088E+00
6.281E-03
2.486E-01
2.01%E=-01
2.067E=01

8.857E+01
%.589E+01
%.554E+01
9.589E+01
4,554E+01
1.144E+02
1.780E+01
1.467E+01
2.759E+01
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m*/g
m*/g
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m*/g
mifg
mdfg

ccig
celyg
ce/g
cc/g
cc/g
cclg
ecly
cc/g
cofg

e S [ e Y e S e S



Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.24

Sample ID 399

Description 100Fe

Comments

Sample Weight 0.0187 g

Adsorbate NITROGEN Outgas Temp 250.0 °C Operator

Cross-Sec Area 16.2 A?/molecule Outgas Time 15.0 hrs Analysis Time

NonIdeality 6.580E-05 P/Po Toler 0 End of Run

Molecular Wt 28.0134 g/mol Equil Time 3 File Name

Station # 1 Bath Temp. 77:35 PC SW Version

AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA

Multipoint BET...... s dleERoRe §s o5 s Sero N oeve oo Weree Hailhars SyeRERSEREN. s & 4.544E+02
Langmuir Surface Arear. Siolee M e R g i e o oo lolatensisiohs, o 7.738E+02
BJH Method Cumulative Adsorption Surface Area............... 5.041E+02
BJH Method Cumulative Desorption Surface Area............... 5.468E+02
DH Method Cumulative Adsorption Surface Area................ 5.119E+02
DH Method Cumulative Desorption Surface Area................ 5.528E+02
t-Method External Surface Area. ... ... ..o eaeaeenennnnnn 4 _403E+02
t-Method Micro Pore Surface Area.....veeeiieennnnnnnnenas 1.414E+01
DR Method MICIrO POYEe Ar€a......tetteeeeenseeessooneannannnnan 6.398E+02

Total Pore

PORE VOLUME DATA

Volume for pores with Diameter

less ‘than 17842 .9 AUatiP/Po f=' 0.99739m it tnt. .+ S0k . o L Pl 7.971E-01
BJH Method Cumulative Adsorption Pore Volume............... . 8.016E-01
BJH Method Cumulative Desorption Pore Volume................ 8.049E-01
DH Method Cumulative Adsorption Pore Volume................. 7.861E-01
DH Method Cumulative Desorption Pore Volume..... + BESER. ... BRI 7.885E-01
t-Method MiCro POre VOIUME. ....cvurureereonnnnnaencooanannas 5.442E-03
DR: Method MierofPareaVolume., JSECg SOl s iy, ... Lo A . 4 2.274E-01
HK Method Cumulative Pore Volume..........c.euiiueemunnannnnnan 1.842E-01
SF Method CUumBlative ) .PoOre (VOLUMES . ..« 5 i siemeis o o vio o ofs snmms o6 5 o vidres 1.8984E-01

Average Pore DiaMEEEX . i i « Som cooisisele ot aabes o il < Bgele: Sio: 7.017E+01
BJH Method Adsorption Pore Diameter (Modej........cevveeenn. $.589E+01
BJH Method Desorption Pore Diameter (Mode) .........eoeeuueen. 6.530E+01
DH Method Adsorption Pore Diameter (Mode)..........c.ocee.... 9.589E+01
DH Method Desorption Pore Diameter (Mode)........ssess00:.. 6.530E+01
DR Method Micro Pore Width  ........cieveieevnnnn S e+ L«150E+02
DA Method Pore Diameter (Mode)::::::sssssssssssssssssssasz: 1:780E+01
HK Method Pore Width (MO NGy :vasi0 e scais oxave wis: s fBre M oamars B s 1.473E+01
SE Method Poxre. Dianieter F{(Mode) Y. svs « R s ciie s v iols@umide s +5's 2.768E+01

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 777.72 mm Hg
MaxiDose : ON
Initial Fill : OFF

NAaAdd maama « ;D
viScwizZatiu . ULT

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm"3 x kd/mol
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Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonIdeality
Molecular Wt
Station #

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.24

80fe

0.0553 ¢

NITROGEN Outgas Temp 250.0 °C  Operator

16.2 A?/molecule Outgas Time 15.0 hrs Analysis Time
6.580E-05 P/Po Toler (4] End of Run
28.0134 g/mol Equil Time 3 File Name

1 Bath Temp. 77.35 PC SW Version

ZE SUMMARY

(ol

AREA-VOLUME-PORE §

ML Eipoint 'BETEh v ffe oteitite ofs-o-avs o i Insasupisni s arors & SBagiPs ialoeletins = s+
FangnuirgSurface AEeamei t; . Baa. . oo ousfB oo o WOile siois = 00 Bl 5
BJH Method Cumulative Adsorption Surface Area...............
BJH Method Cumulative Desorption Surface Area...............
DH Method Cumulative Adsorption Surface Area................
DH Method Cumulative Desorption Surface Area................

t-Methigd Exteriial Surfaoe Afea . i) .Phoes o vc: dadumes s s e v

t=MEthod Milens, Pore SUBEACE Ares . .buoder Fads . fo k. o s s o6+
DR MethodfMicrol, Pore ABEd’: o« v % o atioie las o s Sausiets s abasiiate s she Ao

PORE VOLUME DATA

Total Pore Volume for pores with Diameter
less than 9524.8 A at P/Po =
BJH Method Cumulative Adsorption Pore Volume................
BJH Method Cumulative Desorption Pore Volume................
DH Method Cumulative Adsorption Pore VOlUME..........oeeuenn
DH Method Cumulative Desorption Pore VOlUME..........covee..
t-Method MICTOnPOTre: VOUUME , woiedie o sious ausisisioiose #loke o:oisis st o osals”s o sl

SF Method Cumulative POre VOlUmE....veeeerecreenoconsnannnna

Average Pore Diameter.......... e T s s Tes o o Sieane] e
BJH Method Adsorption Pore Diameter (MOGE€).......vvevunennnn
BJH Method Desorption Pore Diameter (Mode) .......oeeeeuennn.
DH Method Adsorption Pore Diameter (Mode).........cceveuunn
DH Method Desorption Pore Diameter (MOdE)..ssssssnossseonns
DR Method Micro Pore Width e o % eeagng. o gdilgE e
DA Method Pore Diameter Mode) sz :::::28:3:2:32:3:232332338323:
HK Method Pore Width AMOGENN 5. s & spssis = sivsss ol g & S ees
SF Method Pore Diameter’ (MOAE) ¢« s vvmm o smwisifore o ¢ helsrm o orsietes

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 777.64 mm Hg
MaxiDose : ON

Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.%600 nm"3 x kJ/mol

0997381 7.CC% . . TR . .| .80

3.377E+02
5.782E+02
3.742E+02
4.115E+02
3.789E+02
4.154E+02
3.312E+02

6 A5TTxN0O
«IIJLATUY

4.750E+02

7.396E-01
7.449E-01
7.517E-01
7.297E-01
7.360E-01
1.718E-03
1.688E-01
1.362E-01

1 23030=N1
LeIJI4™UL

8.762E+01
5.597E+01
7.751E+01
9.597E+01
7.751E+01
1.163E+02
1.780E+01
1.483E+01
2.787E+01
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573.6 mi1
07/28/20¢
KWAN2 . RAI
1.24

m?/g
m?/g
m#*/q
m?/g
m?/g
m?/g
m?/qg
m’/g

m?/g

cc/g
cc/g
cc/g
cc/a
cc/g
cc/g
cc/g
cc/a
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Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.24

Sample ID 736

Description ©0Fe:40Co

Comments

Sample Weight 0.0316 g

Adsorbate NITROGEN Outgas Temp 250.0 °C  Operator
Cross-Sec Area 16.2 A2/molecule Outgas Time 15.0 hrs  Analysis Time
NonIdeality 6.580E-05 P/Po Toler 0 End of Run
Molecular Wt 28.0134 g/mol Equil Time 3 File Name
Station # 1 Bath Temp. T35 PC SW Version

Multipoint BET...

Langmuir Surface

BEBEE . 00> « 6« s am@ s v o 50 PBm s A vs 00 By 08

BJH Method Cumulative Adsorption Surface Area...............
BJH Method Cumulative Desorption Surface Area...............
DH Method Cumulative Adsorption Surface Area................
DH Method Cumulative Desorption Surface Area..... e S
t-Method External SuUrface Area..........eoeoeeeeeeeenennnnnn

+=Method Micrc Pore Surface Area

CACG Mil

1 o
CUILATUT AlTAs s e s s s s v e s s st sssssssesecsanas

BR MetHOA MICToh POYE: BREAS. iii + i %o lohateielers D oo« bt o2 5

PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than®3890.0 ANAEME/Po &= 0.99506 00 . ... 450, . ... (. I
BJH Method Cumulative Adsorption Pore Volume................
BJH Method Cumulative Desorption Pore Volume................
DH Method Cumulative Adsorption Pore VOlumE.................
DH Method Cumulative Desorption Pore Volume............eo...
t-Method MIGEO PArelVoIUme . Tt ohe « flitisl s atolols o ool o ot s afecs
DR. Method Wi eréPPere Volfie . o Siis-f & st o= Sihoeis) = +fotoms s < d50ude o4
HK Method cGumulative Bore Volumed . . teinane s M35 . - cdoie: - 505 < 40
SF Method Cumulative POre VOlumE. .. vvtenerenreennoennennnnns
PORE SIZE DATA
Average Pore DidlEEETEM . .. Ny stshetey istletedsts sttt Slore o sasfide & o 00s + joahe
BJH Method Adsorption Pore Diameter (FMod€j)...........coovu..
BJH Method Desorption Pore Diameter (Mode).........eveeeunwn.
DH Method Adsorption Pore Diameter (Mode)...........ceovnun.
DH Method Desorption Pore Diameter (MOde).......eoo00uaeeees
DR Mekhod Micro Pore Width e iete o v o o eloiass s o erose
DA Method Pore Diameter (Mode) :s:s:333:s333323228383222833:2253
HK Method Pore Width (MO )+ x swmms & e 3 senag oo « s

SF Method Pore Diameter (MOAE) .. veveverereneneeeonenneennns

DATA REDUCTION PARAMETERS
Thermal Transpiration : OFF
Last Po Acquired 774.78 mm Hg
MaxiDose : ON
Init i

oS
BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9%600 nm"3 x kJ/mol

3.469E+02
5.903E+02
3.84BE+02
4.152E+02
3.894E+02
4.200E+02
3.326E+02

1 A’)QE‘*Ol

L2204

4.910E+02

7.697E-01
7.742E-01
7.789E-01
7.585E-01
7.632E-01
6.318E-03
1. 748F-01
1.413E-01

1.446E-01

8.875E+01
5.578E+01
7.775E+01
9.578E+01
7.775E+01
1.150E+02
1.780E+01
1.467E+01
2.759E+01
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TOME
400.8 min
08/26/200¢
KWANS . RAW
1.24

cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
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Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.24

jample ID

rescription 50re:50Co

‘omments

jample Weight 0.0437 g

dsorbate NITROGEN Outgas Temp 250.0 °C Operator

‘ross-Sec Area 16.2 A?2/molecule Outgas Time 15.0 hrs Analysis Time

lonIdeality 6.580E-05 P/Po Toler 0 End of Run

lolecular Wt 28.0134 g/mol Equil Time 3 File Name

‘tation # ai Bath Temp. T35 PC SW Version

AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA

MULEHDOINT  "BET S «Wais « o st et oo 4 s o 00 B e 08 v o e el s & « 3.435E+02
Langgmuir SurfaceUAreadion i st « « « o st emisisimilsas ss s 3 % Dletonsioiny. 5.855E+02
BJH Method Cumulative Adsorption Surface Area............... 3.7BUE+02
BJH Method Cumulative Desorption Surface Area............... 3.972E+02
DH Method Cumulative Adsorption Surface Area................ 3.830E+02
DH Method Cumulative Desorption Surface Area................ 4.008E+02
t=Method “ExtefRalisSUWREACE ATEARY. . . oG S BRBtl ohoo o o e o wioore o 00 3.270E+02
t-MethodyMicro Pore Surfaee BFECa a Yd b il « oo bisems « soeils oo 1.648E+01
DR Method MICEORPOLE ABRCAstS adl+ . & 4o Buatal Spuler: s Al o - siifads <o 4.868E+02

Total Pore

PORE VOLUME DATA

Volume for pores with Diameter

less than 4783.1 A at P/Po = 0.99598...c.cvvvvncvnrncencnnes 7.537E-01
BJH Method Cumulative Adsorption Pore Volume................ 7.565E-01
BJH Method Cumulative Desorption Pore Volume................ 7.581E-01
DH Method Cumulative Adsorption Pore VOLUME........ceveuennn 7.414E-01
DH Method Cumulative Desorption Pore VOlume........ceceeeeo. 7.425E-01
t~Method MilGEo Pore VOIURME. . st . aft aie « e o dalss So e s« SHeR 7.628E-03
DR Method Miere Pore WolllRE. . ohtiiule o ciaelme chote) shpus ol e s olaraate o » Sune 1.730E-01
HK Method Cumiglative Bore VolulB. of. cesins ses aise oo nsin-seds 1.404E-01
SF Method CumulTative Bore [VoLUIMEL.! « « «ileisie susis 687 oo o o1 ol s s /s o5 1.436E-01
PORE SIZE DATA
Average Pore DianmeEetis. . s W <% iderelilsiitiliismoiie. et « fok o S 8.776E+01
BJH Method Adsorption Pore Diameter (Modej).........cevveven. 9.556E+01
BJH Method Desorption Pore Diameter (Mode)..........ceveevun. 9.573E+01
DH Method Adsorption Pore Diameter (Mode)..........ccveennn 9.556E+01
DH Method Desorption Pore Diameter (Mode)....ssvessssassess 9.573E+01
DR Meghod Micro Pore Width SUEEt o V. N oo i v o oo 1.145E+02
DA Method Pore Diameter (Mode):::::csszscszzssssszssszsszzs 1:780E+01
HK Method Pore Width (Node) s ¥ ssmny wvsns sanes e 1.473E+01
SF Method Pore Diameter (MOdE) .....eveveereneneeneneennnnns 2.768E+01

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 782.58 mm Hg
MaxiDose : ON
Initial Fill : OFF

Doaalld ma;md « A;m
UoSeWiZalG T Urr

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm"3 x kJ/mol

129

TOME

482.4 min
08/20/2009 1
KWAN7 . RAW
1.24

m?/g
m?2/g
m?/q
m?/g
m?/q
m2/g
m2/qg
m2 /ey
pts 79
m?/g

cc/g
cc/g
cc/g
cc/q
cc/g
cc/qg
cc/g
cc/qg
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Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.24

Sample ID 729
Description 40Fe:60Co
Comments
Sample Weight 0.0415 g
Adsorbate NITROGEN Outgas Temp 250.0 °C Operator TOME
Cross-Sec Area 16.2 A?2/molecule Outgas Time 15.0 hrs Analysis Time 401.8 min
NonIdeality 6.580E-05 P/Po Toler 0 End of Run 08/19/200
Molecular Wt 28.0134 g/mol Equil Time 3 File Name KWANG6 . RAW
Station # it Bath Temp. T7.35 PC SW Version 1.24
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
Mulitipoint BED 9« ¢ odBuoet oufiehs 8 % Nl o (00 « bele e ooy 3.533E+02 m?/g
Iangmuir: Surface AncElppese. &, , . . . o om0 00 NATEIN . . . 5.992E+02 m?/g
BJH Method Cumulative Adsorption Surface Area............... 3.911E+02 m*/g
BJH Method Cumulative Desorption Surface Area............... 4.132E+02 m?/g
DH Method Cumulative Adsorption Surface Area................ 3.964E+02 m*/g
DH Method Cumulative Desorption Surface Area................ 4.181E+02 m2/g
t-Method"External™SUrfach Area . o . - o bl s o o lhaiss s spliles s 3.369E+02 m?/qg
t=Methetd Micregi'Pore SUrface /AT Col. Ju.t idush o s o shatishats o oo affove s she o 1.645E+01 vm?/g
DR Méfhod Micho POre BRER s .- « b omios il s chionaas: e sle ooye e 4.987E+02 m?/g
PORE VOLUME DATA
Total Pore Volume for pores with Diameter
less than $491 10 AbariP/Pof= 0.99448:% Sohes’ SUN | . . {F5s/ A 7.413E-01 cc/g
BJH Method Cumulative Adsorption Pore Volume................ 7.448E-01 cc/g
BJH Method Cumulative Desorption Pore Volume................ 7.482E-01 cc/g
DH Method Cumulative Adsorption Pore VOlUME..........eoeeeen 7.300E-01 cc/g
DH Method Cumulative Desorption Pore VOlumE.........coeeeunn 7.334E-01 cc/g
t-Method Milerdc Eore Volume st bl s Thnte <o oe s oo - Sish: - .o o9 s 7.439E-03 cc/g
DR. MethediMiGregBore Valume Sy . o mtie s A ds » « tlskeis o o addfPe oo 1.772E-01 cc/g
HK Method ‘CumulativeyPore VOIMME. . <o omsismis Al s« s ilotass « & odoe b« 1.442E-01 . cc/q
SEMethod CumulativeYPore NMOLUME .\ oo st sals o5 s siaaisis s 48 s siole » 1.475E-01 cc/g
PORE SIZE DATA
Average Pore DIameEcha . M. Nt . . b i 8.393E+01 A
BJH Method Adsorption Pore Diameter (Modej...........ceevenn $5.592E+01 A
BJH Method Desorption Pore Diameter (Mode)............c.oo... 7.740E+01 A
DH Method Adsorption Pore Diameter (Mode).......oeeeeveanns 9.592E+01 A
DH Method Desorption Pore Diameter (Mode).........ee00000... 7.740E+01 A
DR Method Micro Pore Width s n s B S PP s & v e b e 1.137E+02 A
DA Method Pore Diameter (Mode).:.:::ss:ssssscssssssssssssscs 1:780E+401 A
HK Method Pore Width EMBAS x5 sravsncrss wommwn v wagnms « P i s 1.462E+01 A
SE MethodWBore DiameterifModeVu . ::ess s.oosnss sibedPomios D o 2.750E+01 A

Thermal Transpiration : OFF
Last Po Acquired 779.81 mm Hg
MaxiDose : ON

Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm"3 x kJ/mol



Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.24

Sample ID 722

Description 20Fe:80Co

Comments

Sample Weight 0.0178 g

Adsorbate NITROGEN Outgas Temp 250.0 °C

cross-Sec Area  16.2 A?/molecule Outgas Time 15.0 hrs

NonIdeality 6.580E-05 P/Po Toler 0

Molecular Wt 28.0134 g/mol Equil Time 3

Station # 1 Bath Temp. 77:+:35

AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA

Mulgipoint BETR: 9o cualior Paalars s mw e e o ofe » leimede o s
Langmuir Surface) Areadn smtlf «on vok s s oo o7 b0

BJH Method Cumulative Adsorption Surface Area
BJH Method Cumulative Desorption Surface Area

DH Method Cumulative Adsorption Surface Area.......
DH Method Cumulative Desorption Surface Area.......
t-Method External Surface Area.........cceceuceaneann

=-Mat e Micro Por

Fmr
t=Method Micrc Pore Surface Ared......ceceeevvecses

DR Method MiCro POYe€ BArea8......ceceeeeeeestosasases

PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 5851.3 A at P/Po = 0.99672.......c.nnvnn..
BJH Method Cumulative Adsorption Pore Volume.......
BJH Method Cumulative Desorption Pore Volume.......
DH Method Cumulative Adsorption Pore Volume........
DH Method Cumulative Desorption Pore Volume........
t-Method MicEG» POre VOolUmMe . se st s Ao oo atoss s o6 v oo o
DR Method Miero, Borel Valume . ShErs . Juisiorioll Sl o e
HK Method Cumulative Pore Volume..........c.cceeenn

SF Method Cumulative Pore VOIUME. .. .o stimi.ve ie s dd niats o a8

Average Pore Diameter

BJH Method

BJH Method
DH Method
DH Method
DR Method
DA Methed
HK Method
SF Method

Adsorption Pore Diameter
Desorption Pore Diameter
Adsorption Pore Diameter
Desorption Pore Diameter
Micro Pore Width

Pore Width

Pore Diameter

DATA REDUCTION PARAMETERS
Thermal Transpiration : OFF
Last Po Acquired 768.62 mm Hg
MaxiDose : ON
Initial Fill OFF
DoseWizard : OFF
BJH/DH Moving Average Size : 1

Interaction Constant (K)

(MOUE S : o onfir v Qe
(MOAeiEY ...« + J e
{Mode) M. aellite .5 sk
(Mode); 4" Natetatille 5o o5 vis's &

(MOAE) « cioie won misis sumse sibis susie shinis Yol
(MOAE) ¢ vttt tenennnennns L o % o

Operator
Analysis Time
End of Run
File Name

PC SW Version

3.559E+02
6.050E+02
3.930E+02
4.488E+02
3.977E+02
4.532E+02
3.351E+02

2.081E+01

5.065E+02

7.765E-01
7.791E-01
7.869E-01
7.632E-01
7.707E-01
1.011E-02
1.800E-01
1.463E-01

1 4660=0N1
L0 iL™ V4

8.727E+01
9.564E+01
7.794E4+01
9.564E+01
7.794E+01
1.145E+02
1.780E+01
1.483E+01
2.787E+01

2.9600 nm"3 x kd/mol
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371.2 min
08/11/200¢
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m#/q
m2/g
m2/qg
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Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.24

Sample ID

Description 1080Co

Comments

Sample Weight 0.0410 g

Adsorbate NITROGEN Outgas Temp 250.0 °C Operator

Cross-Sec Area 16.2 A?/molecule Outgas Time 15.0 hrs Analysis Time

NonIdeality 6.580E-05 P/Po Toler 0 End of Run

Molecular Wt 28.0134 g/mol Equil Time 8 File Name

Station # 1 Bath Temp. 77.35 PC SW Version

AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA

MULETPOInE BER.: « o :e s « slihel e = als il - o Melote s sl alalotsieie ot s s &5 3.856E+02
Lapomuir: Sufface Arca ol & . & . oQft e oo o e oot Do o STItITERN, ..o 6.570E+02
BJH Method Cumulative Adsorption Surface Area............... 4.31BE+02
BJH Method Cumulative Desorption Surface Area............... 4.588E+02
DH Method Cumulative Adsorption Surface Area................ 4.379E+02
DH Method Cumulative Desorption Surface Area................ 4.628E+02
t<Methc@d ) Extetinal Surfiace (BEeal. . .4 ol b o ociaihle e s oive b o 3.744E+02
t=Method Micxo BOre |SULfACE ALean 4. o' oy slole o 5 oo slttfiote s oo ol "ohe 1.121E+01
DR Metholl MICYO "POXE ATOEA NI + < s Be o sNouessols ofs +/ojole slorshe o o st s o 9 5.431E+02

PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 4041.8 A at B/Po = 0.99524 . e o st donis o v o oo d oir 6.975E-01
BJH Method Cumulative Adsorption Pore Volume................ 7.031E-01
BJH Method Cumulative Desorption Pore Volume................ 7.059E-01
DH Method Cumulative Adsorption Pore VOlUME.........ceeeunnn 6.893E-01
DH Method Cumulative Desorption Pore VOlume..........ceovuus 6.911E-01
t=Method IMiGfo EBoreiNolumMeiuyy Jitn. . . o, Saei L. S . o e 4.193E-03
DR MethodiMilcrc Bore Voltme SSAIEE. o€ o5, SSSRTN. 0. el . e 1.930E-01
HK Method Cumulative POofe VoIlUMB. . . ss cscos sisninecsnson s slame 1.562E-01
SF Method Cumulative POre VOlUME.....ceeeceescesscnsanscnsse 1.599E-01

Averade Pore DiGmMeer. . Ws.: aulas Pose s s srals onliioleioisie’s + o s s /o8 7.234E+01
BJH Method Adsorption Pore Diameter (Mode€).......coveevennns 7.806E+01
BJH Method Desorption Pore Diameter (Mode).........coeveuen. 6.559E+01
DH Method Adsorption Pore Diameter (Mode)...........ceuvuuu 7.806E+01
DH Method Desorption Pore Diameter (Mode)....:sss::5:00:22.5 6.559E+01
DR WMethod Micro: Pore WICEIAGT R’ G 8 Tl . 0. bt eiPs o 0.0 1.152E+02
DA Method Pore Diameter (Mode)::::::::scssssszaszzssssscssss L1:780E+01
HK Method Pore Width (Mode) . R S AR aonoe s o o'a s aevals s'aiaie s 1.477E+01
SF' Method Pore Diameter’ (MOAE) ..« ises soiviss sisivie s sives ook el o B 2.777E+01

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 779.94 mm Hg
MaxiDose : ON
Initial Fill : OFF

n. Y i mamd o ADD
DosewizZara 1 OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm"3 x kJ/mol
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Tom

435.4 min
10/19/2008 1
C4 .RAW

1.24
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miﬁmumfhmmﬂmﬁum%mumuan"lmﬁ

1y [ I % . Ao o
mmﬂmwummﬂwm‘maumuaﬂ"l%ﬂ (CO conversion) A9 ﬁnu:]'l‘lillﬁ"]]@ﬂﬂW]f

4 (d‘ 9! 1 a aaa = v o (4] J
amsveunouen leangnld lUlusenhanalasonisunuswanTuavesmams ey

E4
v A

vouon laa luaeusudunds hinalgnsen eunsameuliedlugilvesaunsldail

CO conversion (mol%) = ((moles CO,, — mole CO_, )/moles CO, ) x 100

out
A A o A v o s s
I@ﬂ‘ﬂ moles COin 1) Fl]TL!'JuIiJﬁLiiJ@]umﬁ]Qﬂ’lmﬂ’lﬁUﬁ]‘L!ﬂJﬂu’ﬁ]ﬂhl‘;]fﬂ

A o 9 (<) 4 4

moles Co,, o mmﬂmqummﬂwmmaumuaﬂ”lcm
o 1 A a a v d
NIIATHIUAINTLAaNINAN AN NN

a a o 4 SN o a o J9Y v o
ﬂ'lﬁ!ﬁ@ﬂ!ﬂﬂﬂﬁ@]ﬂmcﬂ (SeleCtIVIty) ﬁ'ﬁ]Ft]TL!'J‘LlIiJﬁGU’ﬂQWa@ﬂmm@]@ﬂﬂ’lilﬁﬂﬂﬂﬂﬂWUﬂu
A o oda & & vy
IM@%@QWﬁﬁﬂmcﬂﬂlﬂﬂﬂJuﬂﬂﬂﬂJﬂ ﬁ'liJ'liﬂLLﬁﬂ\?]lﬂﬂ'JﬂﬁiJﬂ'li

Selectivity % = (mol A/mol P) x 100

A A g J I ..
130 Aalulosigulasuia  Selectivity % = (Area C/Area T) x 100

A o 4

Tagn molA fp uuTuaveIwdaium A N3

P4 k4
= [

a o Ja a @
molP f® mmuimﬂlmwammmdmﬂﬁumwm

a o J A
Area C, 710 ¥IAVOIHAANUN C, NADINT

E4 9
=2 %

Area T A0 UIAUDINAAAUNTNAVUINIHUA
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MIMIMSegazueInIstasniNanans e (Yield)

s Y ~

4 & A o v o M) a v
manlasu liluransanndesmaeududiunu Tuavesasaadu amnsoeu i

E4
v A

oglugdaums laasi
Yield% = (mol A/mol Co, ) x 100

{ o a [Y] o"
Tagh molA  Av 91U TuAVRINAAN UNNADINT

A o 7 sa 9
mol COin G %11&’31!11]21‘1]@\‘]ﬂWi‘]Jf]uiJ’ﬂu’ﬂﬂbl“h'ﬂlﬁJ@u
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o v Aa d A [ J Y A (9 =1

ﬂﬁﬁ/\liﬂ@]3:%;11!ﬁ"l‘ﬁﬁ’U'JLﬂiWﬁ‘ViNa9']ﬂﬂ!"l’]ﬂ'JfJLﬂﬁfNﬂ']“]fIﬂﬁlJTIVIﬂﬁ'W‘h/\Iﬁ']iJ']ﬁﬂ
a 4 9}3 a a a 1 A o 1A A 9
'J!.ﬂ'i"lg‘ﬂWavlﬂ‘ﬂQL‘BQﬂﬂlﬂWWLLa&ﬂNﬂﬁﬂﬂl NA1IAD ANUINA (Peak) “I/I?J']uulﬂéﬂ"lﬂiﬂﬁiﬂiﬂ

A~ Y] L] [ o =t A 9 A

1N3Y (Chromatogram) LUBRNATITAIDYI 9']3\‘1ﬂ‘UﬁH!fHu\‘]‘Wﬂﬁlﬂ‘ﬂfnullﬂ‘mﬂiﬂﬁll'liﬂllﬂﬁumﬁ]
= 1 g a A o dy Aq Ya A 4
NATITUINTIIU uaauassiaeInuy LLaZWu‘l/lclﬂ‘Wﬂ‘ﬂ'E]Tlﬂlllﬂ%Tﬂiﬂiu'ﬂﬂllﬂﬁullﬁﬂ\‘]

a 2 ~ o o A Aqusa A A ~ )
‘]Jﬁll']ﬂ!ﬁWﬁuuc] Iﬂﬂ!ﬂ’]fJUﬁﬂﬁ?uﬂﬂwuﬂﬁlﬂWﬂm@ﬂﬂﬁ'lﬁiJW]ﬁj"luﬂﬂﬁTUﬂ'NiJﬁliJellu

Analysis Date & Time : 30/4/2553 19:57:08

User Name : Admin
Vial# 01
Sample Name :STD CO
Sample ID 105
Sample Type : Unknown
Injection Volume :1.00
ISTD Amount
Data Name : C:\Documents and Settings\Administrator\Desktop\Kwan\STD new\0.5.ged
Method Name : C:\Documents and Settings\Administrator\Desktop\Note\123456.gem
Intensity Sk (@ Ot
20000 )
15000~
10000 1 ,
5000- 5
0 | _ A e I
1 2 3 4 5 6 7 8 9
min
Peak#  Ret.Time Area Heigt ~ Conc.  Unit Mark ID# Cmpd Name
1 1.096 13567 2951 0.000
2 1.262 114017 20072 0.000 \Y
3 2.296 90479 10217 0.000
4 4192 120512 7823 0.000 o
Total 338575 41063

~ Ay v 7 s @ ¢
MNHUINT 31 Iﬂﬁ\lTI‘V]LLﬂﬁJTIllﬂﬁnﬂfﬁiil1@5§1uﬂ13ﬂ@uu@u@ﬂ1“]§ﬂ, ﬂ”li‘]Ji’]ullﬂi’Ji’]ﬂ"l“b'ﬂ
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: c:\star\data\3800.44580.run
e : C:\Documents and Settings\USER\Desktop\view\Method CH 1. mth
: Manual Sample

Date: 11/8/2552 12:11 Calculation Date: 11/8/2552 12:32
: rachata Detector Type: 3800 (1 Volt)
n: Bus Address : 44
: Varian CP-3800 Sample Rate 10.00 Hz
: Middle = FID Run Time 21.387 mir
station Version 6.20 ** 03109-2790-826-0665 **
4 = 1.01 cem/min Attenuation = 7054 Zero Offset = 2%
= 0.000 min End Time = 21.387 min Min / Tick = 1+ 00
O" ‘!o oo ‘o025 0.50 '0.75 '1.00 1.25 1.50
1~i |
| 7! 686
aq [
[ 654
o4
6
Q
|
39 . 011
L 10.595
12 4
i
1 14.203
15J r_' 983
| e
16‘*516435
”‘f 4‘
18J
o \
Ret. Time Width
Peak Result Time Offset Area Sep. 172
Name () (min) (min) (counts) Code (sec)
CH4 4.7083 2.3141 0.000 18561012 VB 1.7
C2H4 1042936 3.686~ 0.000 4046792 BB 318
C2H6 11.0375 4.654 0.000 4339246 BB 4.6
C3H¢ 15.5630 ' A8.1110 lohDee 6118385 BV 5.8
C3HS l1oa79 10.58570.000 6415157 VB 6.5
G258 271, 770 Mgl 203 0ol 8558849 BV 9.4
C4H10 20.2972 TeveRs . . 0.000 7979587 ', T e |
0.0118 16.435 0.000 4666 BV 14.4
Totals: 100.0001 0.000 39313694

~ Ay v 7 g
MNHUINT B2 Tﬂiu1IﬂuﬂiuﬂqﬂﬂWﬂﬁ15N1ﬁii1u16Tﬂiﬂ13Uﬂumu1ﬂﬁﬁ]C;C4



Sample name: STD/C5-CA/KWAN/1ul
Sample note:
Submission time: Tuesday,March 18,2010 5:10:45PM
Operator:
Injection date: Tuesday,March 18,20107:27:11 PM
GC Description: GC6820-SN: CN 10536007
Signaldescription: FID1B, back detector
Method: TestC5++
Method last Friday, February 05,2010 6:11:26 PM
saved:

back detector
g 8 g

§-

3000
L
2013

~9.150

3

Total Area = 17112793.

366

g §
i §
8 5
e
EJ g g ¥ g
el L_,;;,(‘v - b 8
T U T T L T
5 10 18 20 25 30min|
Retention
Signal Time Type [min] Area [pA*s] Area %
[min]

1 1.348 PV__ 0.043 60.44940 0.00035
1 1430 VBS 0.066  21070.38967  0.12313
1 1.776 BV T 0.073 _ 230.06785 0.00134
1 1.876  VWT 0.075 192.28046 0.00112
1 2.013  VVT 0.093 18434.68965 0.10772
1 2291 VWT 0.104 136.57936 0.00080
1 3405 VBT 0.148 19702.58210  0.11513
1 .377 BB 0.175 21580.02795  0.12610
1 .159 BP__ 0.129 38383.68046  0.22430
1 11248 BV 0.316__ 1096.01673 0.00640
1 14.396 VB S 0.857 16979931.36092 99.22361
1 14.523 BV T 0.044 132.66754 0.00078
1 14.636 VWV X 0.048 327.29905 0.00191
1 14.742  VV X _0.056 307.50252 0.00180
1 14.987  VV X 0.084 3185.53684 0.01861
1 16.274 VV X 0.108  3252.87644 0.01901
1 15.554 VBT 0.061  1020.59027 0.00596
1 15.854 BV 0.081 44.28552 0.00026
1 16.001 _ VV_ 0.062  201.11497 0.00118
1 16.133 VP 0.092  1049.44637 0.00613
1 16.57 BP__ 0.058 2272.41789 0.0132¢€
1 18.62 PV 0.064 30.16804 0.00018
1 18.752 VB 0.092 39.05373 0.0002
1 21461  BP  0.098 40.26888 0.00024
1 25722 BB 0.122 72.01300 0.00042

! { s
munuand 93 TasinInunsulannarsunasgiulalasasveu cH,-CH,,
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Sample name: STDC10-15/Note/1ul-2
Sample note:
Submission time: Friday, March 12,20101:14:43 AM
Operator:
Injection date: Friday, March 12,2010 2:03:48 AM
GC Description: GC6820-SN: CN 10536007
Signaldescription: FID1B, back detector
Method: TestC5++
Method last : 44
saved: Friday, February 05,20106:11:26 PM
badk detector
< _ ©
g g ‘B © E_
g g
§- D
g -
§<
g g
15 20 25 mi

5 = -
Signal 1":‘r'r:'o] Type [min] Area [pA*s] Area %
1 .102 BV .040 3.6 9 0.0001
1 .155 W .04 67.5283 0.00031
1 .237 wW .045 27.2304 0.000
1 .30€ VB 0.054 0.00012
1 1.44 BV __ 0.061 2.16354 0.0000¢€
1 1.60 VW _ 0.067 158.97917 0.00074
1 1.68 VB 0.085  147.08255 0.0006€
1 2.29 PB  0.163  812.10843 0.00378 |
1 .856  PBS 0.583 21430680.04005 99.75506
958 BV T 0.078  883.47562 0.004
6.15! WT 0.077 1141.73287 0.0053
6.29! WT 0.072 268.3534¢ 0.00125
1 6.53¢ VW T 0.085 860.5192 0.0040
6.675 WT 0.076  454.2172 0.002
6.790 VT 0.083 1044.90789 0.00486
1 6.980 W T 0.087 412.28892 0.00192 |
7.226 PVT 0.075 1075.79389 0.0050
7.444 PBT 0.077 1951.15894 0.0090¢
7.677 __BVT 0.060 9.21002 0.00004
7.858  PVT 0.067 19.00310 0.0000¢
1 7.98 PBT 0.072 185.37430 0.0008¢
1 8.518 PB__ 0.069 4.30797 0.00007
9.140 BB 0.066 787.78415 0.00367
0.286 _PB  0.061 3.64321 0
1 0.702 BB 0.070 6739.15194 0.03137
2.60 BB 0.062 6912.61348 0.03218
1 3.84 BP__ 0.060 24.27604 0.00011
1 4.33 BP 0.084 7325.39457 0.03410
5.90: BP 0.064 7354.92467 0.03424
1 6.950 BB 0.0¢ 28.51566 0.00013
1 7.373 BB 0.06€ 7708.24268 0.03588
1 18.746 BP 0.065 6141.30358 0.02859

Total Area = 21483300.999

Y ! 7
<ﬂ1WN‘N'Jﬂ‘ﬁ 4 Tﬂiiﬂi‘ﬂLlﬂiwﬁllﬁfﬂ'lﬂ’s’fﬁﬂ']ﬁijj'luhlﬂiﬂiﬂ'liﬂﬂu C,H,,-CH,,
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[Sample name:
ISample note:
ISubmission time:
[Operator:
Injection date:

IGC Description:
ISignal description:

Method:
Method last

aved:

Sunday, February 28, 2010 8:55:28 AM
GC6820 - SN: CN10536007
FID1 B, back detector

100Co0/2/12h

Test C5++
Friday, February 05, 2010 6:11:26 PM

Saturday, February 27, 2010 8:58:41 PM

badk detector

@«
8
P
g
o
8
o
o
g
~
g
T T T T
10 20 30 40 _min
| Retention
signal Time Type W9 areapars] Area%
[min] [min]
1 0055 BVS 0049 556236.05344 95.28730
1 1214 VVS 0.049 2286.12099  0.39163
1 284 VBS 0.078 9069.06558  1.55360
573 BV T 0.056 89376328 0.15311
1 654 VVT_ 0.064 979.68735  0.16783
1 767 VWV T 0.077 4620.39411  0.79305
1 2011__VBT 0.072_ 2516994  0.00431
1 2432 BV __ 0.076__449.85094  0.07706
2547 VWV __ 0.102 08248465  0.16831
2919 VB __ 0.098 2535.10380 _ 0.43428
3584 PB__ 0129 49.55577 _ 0.00849
1 4466 BV 0.134 43587682 0.07467
1 4682 VB 0.136_ 453.27939 _ 0.07765
1 5567 BB 0.110 1457.32029 _ 0.24965
1 6693 PP 0103 32.00299  0.00548
1 7486 BV __ 0.100 309.13190 _ 0.05296
1 7676 VB __ 0.091 20554381 _ 0.03521
1 8388 BB 0078 76598224  0.13122
9.839 BV __ 0.128 156.36873__ 0.02679
10.033 VP 0.071__ 76.68153 _ 0.01314
1 10626 BB 0.069 318.84270 _ 0.05462
1_ 11828 BV __ 0.1 105.86263 _ 0.01814
1 12.020 VP _ 0.0 49.77659 _ 0.00853
1 12546 BB __ 0.063_ 398.90355 _ 0.06834
1 3529 PB_ 0082 30.86212__ 0.00529
1 3.785 PP 0.038 _ 6.16120 __ 0.00106
1 4260 BP 0.063 97.82034  0.01678
1 15821 BP _ 0.064 2344842  0.00402 9.94 BB 0065 76.13200 __ 0.01304
1 _16.383 BB __ 0.109 173.43179  0.02971 1 §;’ Cg g-gg 23'8‘ _l,f, g.gga:a
17.285 BB 0.085  65.96481  0.01130 ==t ; 67.03254 .01148
8654 BB 0065 4981837 000853 — 220 BP 0111 3862073  0.00662
18.885 BB 0.080 166.79964 _ 0.02857 [fotal Area = 583746.282
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ample name: 20Fe:80Co/12h
ample note:
ubmission time: Wednesday, February 17, 2010 10:58:43 AM
perator:
Injection date: Wednesday, February 17, 2010 11:45:42 PM
C Description: GC6820 - SN: CN10536007
ignal description: FID1 B, back detector
Method: Test C5++
Pt st Friday, February 05, 2010 6:11:26 PM
aved:
back detector
z

1071

4
1

150
L

50
1

10 20 30 a0 m
Retention
Signal Time Type m‘m Area [pA’s] Area %
[min]

0.833 BV S 0.034 343439.55431 67.25250
0.902 VWS 0.045 78049.03942 15.28360
1.024 VVS 0.061 36354.48782 7.11895
1191 BV T 0.031 729.94555  0.14294
1241 VWT 0.031 427.80042  0.08377
1.307 __VBS 0.058 19635.81165 3.84509
1.560 BV X 0.059 237.77889  0.04656
1695 VVX 0.049 977.07608  0.19133
1.761 VWX 0.073 1993.46836  0.39036
1.981 VWX 0.072 10618.92827 2.07940
2.365 WX 0.07 54.15796 _ 0.01061
2649 VVX 0.124 345.99377  0.06775
2.800 VVX 0.095 908.06152  0.17782
3.017__ WX 0.099 903.32681  0.17689
3.577 VWX 0.114 5598.44909 1.09629 |
3.860 VBX 0.103 7511644  0.01471

5571 PV 0.134 559.68141  0.10960
5795 VP 0.128 377.29339  0.07388
0.112 2468.73834  0.48343
6.934 BB 0.057 _ 10.50151 0.00206
8.243 BV 0.136 348.45362 _ 0.06823
8451 VP 0.086 155.86482  0.03052
8711 BV 0.086  22.35822  0.00438

5092 VP 0092 1169.61918 _0.22904 P —a18501 006752
10.328 _BV__ 0.156__187.28323__ 0.03667 745 BP 0076 __34.19211 _0.00670
10527 _VP___0.073__ 71.82062___ 0.01406 128 BB 0073 377.42038 __0.07391
11.071_BP 0081 699.79974 __0.13704 7585 BB 0095 11613953 002274 |
12.065 BV 0.155_182.95441 __0.03583 T e P
12311 VP 0.074 58.66314  0.0114 393 BB 0.072 464553 0.09097 |
12.792__BP__0.072_501.95842__ 0.0982 971 PB 0145 150.40044 _ 0.02945 |«
13656 PB__ 0.098 64.99772  0.0127 ggf g; :g; 38.89285 _ 0.00762
13.909 PP 0034 _ 6.34578 _ 0.00124 200 B ot e Sotaa
14347 _BP__ 0.070_340.34221___0.06665 20814 BB 0.085 756.06536 __0.05014
14.953 _PV__0.116_ 10715190 __0.02098 22399 _BP __0.121 14544106 _ 0.02848 |
15.114 VB 0.137 97.43820 0.01908 1 24.550 PP 0.165 89.31505 0.01749 |

alalalalalalalalalalalalalalalalalalalalalalalalalalalal=l=l =22 == |-
[}
[}
w
(5
o
o

15378  BP__ 0.076  34.96820  0.00685 Joral area - sioe71.822




Eample name:

ample note:
ISubmission time:
iOperator:
Injection date:
IGC Description:
ISignal description:

Eethod s

ethod last
aved:

Kwan/3/40Fe:60Co/12h

Tuesday, April 06, 2010 9:40:21 AM

Tuesday, April 06, 2010 10:50:52 PM
GC6820 - SN: CN10536007

FID1 B, back detector
Test C5++

Friday, February 05, 2010 6:11:26 PM

k3

3761

6515

1737

back detector

Total Area = 110876.424

R 10 2'0 30 a0 miny
etention
Signal Time Type ‘[’:'n‘i’;']' Area [pA*s] Area %
[min]
1 1504 PV 0.097 27772.24021 25.04792
1 1502 W __ 0.108 27555.08154 24.85207
1 1847 W _ 0.174 16976.29170 15.31100
1 2430 W 0216 10559.27118 9.52346
1 3028 W 0119 219.57073 _ 0.19803
1 3193 W 0.152 513.40553  0.46304
1 3512 \VV _ 0.146 966.36676  0.87157
1 3761 VB 0239 663225840 5.98167
1 40957 BB 0.272 290.50803  0.26201
1 5495 BV 0.171 452.42578  0.40805
1 5774 W 0179 447.21390 0.40334 1 13622 VW 0.111 200.03299  0.18041
1 6.148 \VV 0152 44463350 0.40102 1 13751 VP__ 0.071 85210877  0.76852
1__6515__VV__0.186_4736.11287 427152 || 1 13870 BB 0061 3158656 0.026849
1 6002__VB_ 0440 530.05430 L 040000 [l-at 14819 "BV 0.121 £0.77234 0007
T 8176 BV 0210 56507122 050064 || 15072 VP 0059 3378793 003047
T 8500 W __0.131 47598050 042929 ||——1>-203 BV __0.008 8475193 007644
1 15558 VP 0.067 531.66537 _ 0.47951
1 8690 VV 0.116 486.02877 043835 |———==c—pe—00si 1436340001295
19081 W 0128 247.04912 02228115703 BB 0.104 5132611 _ 0.04629
1 9384 W 0117 351449364 3.16974 ™ 45750 pp 0043 12.18307 _ 0.01099
1 10281 BP 0.103 36.73209 0.03313 1 18.022 PB 0080 27.61070  0.02490
1 10646 VV 0.106 17341748 0.15641 1 18280 PP 0.046  7.02555 _ 0.00634
1 10.973 VW 0.100 350.93323  0.31651 1 18.719 BP 0.068 234.39451 021140
1 11143 W __ 0.086 193.05891 0.17412 ]| 1 19.206 PP _ 0.092 94.53921 _ 0.08527
1 11388 W 0074 6553500 0.05911 || 1 20.238 BP _ 0.076 _227.22011__ 0.20494
1 11485 W 0076 8208164 007403 || 1 _ 22018 BV 0.100 307.19764 _ 0.27706
1 11625 VW 0076 23265310 0.20983|| 1 22275 VB 0119 8863161 0.07994
1 11.737 VP 0.080 1338.03657 1.20678 1 2435 BP  0.135 41442741  0.37377
1 11975 VP 0.065 63.76898 _ 0.05751 || 1 _27.589 PP 0.189 38555279 0.34773
1__13.034__BV___0.171_244.60795 _ 0.22061 ||| 31.663 BP 0154 20973943 0.18917
1 13427 W 0076 3161616 _ 0.02851
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ISample name:
ISample note:
[Submission time:
lOperator:
Injection date:

IGC Description:
ISignal description:
Method:

hﬂethod last

aved:

50Fe:50Co/2/1h

Wednesday, March 03, 2010 2:40:56 PM

Wednesday, March 03, 2010 2:58:53 PM
GC6820 - SN: CN10536007

FID1 B, back detector
Test C5++

Friday, February 05, 2010 6:11:26 PM

<
a

200

150

100

back detector

8 £¢
-— e o~
J I s8eleg
i) 5 By
. 10 20 30 a0 minl
etention
Signal Time Type m?'?]‘ Area [pA*s] Area %
[min]
1 0.999 PV 0.059 462153.13663 74.75418
1 1.140 W 0.073 70277.95590 11.36760
1.298 VW 0.060 7833.77642  1.26713
1.379 VBS 0.095 25461.57525 4.11846
1.717 BV X 0.068 2709.99692 0.43835
1.812 VV X 0.076 2849.26010  0.46087
1 1.944 VV X 0.090 9740.32420  1.57552
1 2225 VVX 0.086 129.28758 0.02091
2435 VT 0.092 166.95272 0.02700 |=
2.717 VW T 0.087 1169.01235 0.18909
1 2849 VT 0.117 2512.28619  0.40637
1 3.280 VBT 0.117 7168.31646  1.15949
1 4.050 PP 0.129 119.67479 0.01936
1 4.559 BV 0.168 350.76458 0.05674
1 5.080 \AY 0.153 2029.80916 _ 0.32833
1 5.305 VP 0.138 2018.97434  0.32657
1 5.760 \AY 0.168 228.39037 0.03694
1 6.154 VWV  0.116 10715.99592 1.73333
1 6.497 VB 0.093 218.68096 0.03537
1 7.225 BP 0.090 54.64846 0.00884
1 7.664 BB 0.094 177.20704 0.02866 |
1 7.998 BV 0.096 1471.89864  0.2380
14 8.185 VV _ 0.091 929.06040 0.1502
1 8.486 \'A% 0.132  111.29867 0.01800
1 8.886 VP 0.083 5119.52803  0.82809
1 9.144 W 0.071 74.74725 0.01209
1 9.350 W 0.086 24 54682 0.00397 1 11.329 BB 0.065 11.23456  0.00182
] 9.508 VW 0.083 53.803908 0.00872 1 13.022 BP 0.074 109.08452 0.01764
1 9.711 Y] 0.102 42.05766 0.00680 1 14742 PP 0062 7253332  0.0117
1 9835 _VV__ 0.086__ 38.75951  0.00627 116322 PP 0063 39.73471 0.0064
1 10.006 VWV 0.084 32.63547 0.00528 1 17.795 PP 0.056  18.83056  0.00305
110175 __VV__ 0.092 79.53291  0.01286 119170 BP 0062 16.70054  0.00270
1 10.312 _VV__0.111 626.55392  0.10135 1 20484 BP 0068 30.77618  0.00498
1 10.516 VP 0076 255.89648 0.04130 |1 21976 BP 0078 17.14876  0.00277
1 10.745 W 0.092 34.35453 0.00556
1 11.105 _VP___0.073__933.63946 __0.15102 | 'otal Area = 616230473
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ample name:
ample note:

ubmission time:

perator:
Injection date:

C Description:

ignal description:

60Fe:40Co/12h

Friday, February 12, 2010 12:48:28 PM

Saturday, February 13, 2010 12:53:55 AM

GC6820 - SN: CN10536007
FID1 B, back detector

Method: Test C5++
"’;‘?fgg" last Friday, February 05, 2010 6:11:26 PM

back detector

an 20 <a0
Retention
Signal Time Type ‘;"‘m‘i’"‘? Area [pA*s] Area %
[min]
10867 BVS 0.043 40147.62761 42.21189
1 0949 VVS 0.056 15846.87718 16.66167
1 1088 __VBS 0.074 11509.19960 12.10097
1 1278 BV T 0.036 150.18417 _ 0.15791
1 1.355 VUV T_0.030 44585301 _ 0.46878
1 1413 VT 0065 7188.51181  7.55812
1 1701 __VVT_ 0069 174.23822 _ 0.18320
1 1.856 VUV T_0.057 23250857 _ 0.24446
1 1934 VWV T 0.070 41225997 _ 0.43346
1 2053 VVT 0065 316.56897  0.33285
1 2185 VBT 0.085 5464.41438  5.74538
1 2038 BV 0110 165.23887 _ 0.17373
1 3220 VWV __ 0103 262.21162 _ 0.27569
1 3370 VB __ 0108 309.90185  0.32584
13706 BV __0.118_ 166.08788  0.1746
1 4016 _VV__ 0.128 3725.72743 _ 3.9172
14344 VP 0120 171.49930 _ 0.1803z
1 S762 BV 0116 0781967 99923 1 14689 BP __ 0.069 266.48911  0.28019
: g'gfg x 8'1?3 ggg'ﬂg;’g g'gf‘;gg 1___15286__PV___0.109__ 61.05860 __ 0.06420
: : : : 115456 VB__ 0.128__ 73.36999 __ 0.07714
1 6.782 BV __ 0.092 37.31738 __ 0.03924
115724 _BP___0.076__ 26.24991 __ 0.02760
17106 VV 0106 2420.68431 254515 ™ & BP__ 0.071_ 250.17833 _ 0.26304
1 7.389 VP __ 0.083__ 64.37873 _ 0.06769 1 823__PB___0.134___70.83103___0.07447
1 8476 BV __ 0.081  42.89519  0.04510 098__BP___0.072___20.76740___0.02184
1 8651 VV__ 0.123 263.12294 __ 0.27665 7.475__BB__ 0.070 22146415 _ 0.23285 |
1 8.858 VP __ 0.085 132.07309 _ 0.13886 7.726 BB 0.089 62.85571  0.0660!
19479 BP__ 0.086 1139.30840 _ 1.19789 18.104 PB 0.118 53.91217  0.0566
19701 __VB__ 0051 1021973 _ 0.01075 -735 EB 0.066 _262.10560 _0.27558
1 10686 BV _ 0.150 _157.06071___0.16514 — -
1__ 10881 VP 0075 57.85187 _ 0.00062 936__BB___0.081 _326.72240 _0.34352
1 11.427 BP 0.079 552.64298 0.58106 20.49 PB 0.089  35.00451 0.03680
1 12.413 BV 0.139 139.54602 0.14672 21.24 PB_ 0.096 22937582 0.24117
1 126567 VP __ 0.070 _ 39.04582__ 0.04105 002__PP__0.129 158.13574__ 0.16627
1 13.132__BP__ 0.069 350.03366 __ 0.36803 25429 _BP__ 0160 _ 78.65197 __ 0.08270
1 13.994 BB 0.11 86.67965 0.09114 1 9.956 BP  0.082  39.71340 0.04176
1 14251 BP 0078 3238102 003405 .~ =
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Sample name:
[Sample note:
[Submission time:
[Operator:
Injection date:

IGC Description:
'Signal description:
Method:

Method last
saved:

Kwan/3/80Fe:20Co/12h

Thursday, April 08, 2010 10:03:27 AM

Thursday, April 08, 2010 10:54:23 PM
GC6820 - SN: CN10536007

FID1 B, back detector
Test C5++

Friday, February 05, 2010 6:11:26 PM

badk detector

10 30 a0 miny
Retention
Signal Time Type '?"m‘l"‘"]‘ Area [pA*s] Area %
[min]
1 1.097 PVS 0.051 34714.94070 29.26005
1 1142 VWS 0.067 33605.10149 28.32460
1 1276 VBS 0.130 22234.22557 18.74048
1 1573 BVT 0.107 7840.39843 6.60841
1 1873 WT 0.046 93.00099 0.07839
1 1961 WT 0.084 544.99037 0.45935
1 2114 VWT 0.085 714.99363 0.60264
1 2248 VBT 0.129 5661.28335 4.77170
1 2855 BV 0.167 127.84540 0.10776
1 3.452 VW 0.111 387.74224  0.32681
1 3313 W 0.124 513.03736 _ 0.43242
1 3556 VW 0.123 24224978 0.20418
1 3.827 VW 0.146 3402.86113 2.86816
1 4132 VB 0.123 307.19153  0.25892
1 5829 PV 0.127 251.10601 0.21165
1 6.044 VP 0.114 314.51571  0.26509
1 6.481 BV 0.129 129.95496  0.10953
1 6.834 VW __ 0.122 2248.06569 1.89482 1 11.888 BP 0.061 31.17412 0.02628
1 12.857 BV 0.128 208.37572 _ 0.17563
} ;';gg gg 8‘82{75 12139'::?823 8‘(1)%(1’; 1 13.049 VB 0.066  79.32036 _ 0.06686
- - - - 1 13.393 PV 0.104 64.04671 _ 0.05398
1 8609 BV 0083 26422888 0.22271 |——73573 VP 0064 43264062 036466
1 9178 PV 0.098 42.66603  0.03596 |~ 1 14820 BP 0043  7.24381 _ 0.00611
1 9.349 VW 0.077 167.86644 0.14149 |1 15204 BP  0.059 90.10986  0.07595
1 9469 VP 0.078 1320.23128 1.11278 1 16.877 BP 0.060 32.38610  0.02730
1 9.728 VB 0070 5535077 0.04665| 1 17422 BP _ 0.093 101.80877 _ 0.08581
1 10.881 BV 0116 366.16765 0.30863] 1 18.352 PP 0.054 1341284 0.01131
1 11.079 VB 0.075 166.98918  0.14075 1 12;33 32 8835 gg-ggﬁé gg%:l
1 H'igg 3\\; 3‘8.7,? 1413'?;271%2 8'28832 1 21.163 BP__ 0.078  42.85608 _ 0.03612
- - - - 1 23003 PP 0.096 34.74426 _ 0.02928
1 11549 VWV  0.051 80.38032 _ 0.06775
1 11663 VP 0.068 1081.95632 0.91194 |ora1 area = 118642.796
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Inject

Sample name:
[Sample note:

ISubmission time:
iOperator:

ion date:

IGC Description:
Signal description:

100Fe/12h

Wednesday, February 24, 2010 2:36:04 PM

Thursday, February 25, 2010 1:39:43 AM
GC6820 - SN: CN10536007
FID1 B, back detector

200
1

11.986

13886

Method: Test C5++
;"_a‘z;‘d“ last Friday, February 05, 2010 6:11:26 PM
. back detector

i § & §

10 20 20 a0 minf
Retention
signal Time Type Wt Area[pA*s] Area%
[min] [min]
1 1.119 PV 0.052 11925.76662 17.20565
1 1.173 VW 0.069 19672.44114 28.38200
1 1.314 \'A' 0.103 13826.33441 19.94765 | (
1 1.644 W 0.129 7555.91130 10.90113
1 2.068 VV  0.096 318.84269 0.46000 |C
1 2.234 VW  0.096 376.75896 0.54356
1 2.391 VB 0.149 4582.13086 6.61077
1 3.396 BV 0.121 229.93162 0.33173 |
1 3.576 VW  0.137 275.26885 0.39714
1 3.844 \A' 0.134 118.09660 0.17038
1 4.140 VW  0.158 2796.27501  4.03427
1 4.474 VB 0.141 203.64354 0.29380
1 6.211 PV 0.128 164.01382 0.23663
1 6.428 VP 0.123 192.15352 0.27723
1 7.205 BV 0.115 1863.29203 2.68822
1 7.536 VP 0.088 69.01465 0.09957
1 8.970 BV 0.086 187.11067 0.26995
1 9.152 VB 0.073 103.29310 0.14902
1 9.700 PV 0.081 134.96609 0.19472
1 9.821 VP 0.078 1203.85772 1.73684
1 10.079 BP 0.068 34.19864 0.04934 ||
1 11.219 BV 0.122 220.18082 0.31766
1 11414 VB 0.072 104.27742 0.15044
1 11.641 BV 0.080 25.49818 0.03679
1 11.822 VV 0.105 120.87949 0.17440
1 11.986 VP 0.067 899.57349 1.29784
1 12.209 BB 0.061 15.48877 0.02235 |
1 13123 BV __ 0.140 176.91718 _ 0.25524 117671 PP 0097 11278776 0.16272
1 13360 VB 0.064 71.61899 0.10333 1 18603 BV 0.061 49.39289  0.07126
1 13.886 BP 0.068 725.29555 1.04640 1 18754 VP 0.086 18.41443  0.02657
1 14875 BV 0.128 117.63060 0.16971 |!| 1 19.947 BV 0.063 27.62026  0.03985
1 15.131 VP 0.060 29.32730 0.04231 1 20141 VP 0.082 114.12056  0.16465
1 15.600 BP__ 0.067 343.44238  0.49549 1 21424 BP 0.081 51.67796  0.07456
1 16.459 PB 0.078 25.83580 0.03727 1 23375 BP 0148 67.28135 0.09707
1 16.729 PP 0.046 7.65941 0.01105
1 17.157 BP 0.061 154.87802 0.22345 | Total Area = 69313.100
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