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A study of optimal condition on activated-carbon

preparation from wild almond (Irvingia malayana) shells
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Y
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Taudeu 3 $alus Aleledutinuesiviniu 820 me/e Armudy 1.07% Usunandn 5.68%
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o
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an1gnsnTEduvLzaNveIns aadulelefu Aa 0.5 M ZnCl, Nigamgil 60 °C 13a1 60

A a

a o ) Y o A a PN
UIN @IMIVUENIE NITATEAUTRUISTNVDINTG AATULLVAAUUG AB 50% H3PO, VIgaingil

Y Y

a0 U a

30 °C 1381 120 w1¥ dAnseaduiiaduuggedn lun1s@neinis gaduilueanuiinig

Y

=4 a

NseAUAIY 0.1 M KOH 7igauminil 30 °C ka1 120 Uil dA1n13gadues n153kAs1enn1sgatu
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6 v Y
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n5u AnududuvedansazaneduiiasaiBusuadan 300 fadnsusodns uazaudunsaig

Guaqmiazaw?umﬁalﬁmﬁamazL‘“ﬂumm
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v il
A aa

BLANATEULUUADINTIA (SEM) WU NaTilidenndesiufie NuniiuasInguaesaIuaIsus

[
LY v

Tudfuumanninauiuiug guddetdlafnwraresuimasgadu vuinveiigadu
< ! [ < / a ! a a o

AU duNInAIe 8n3L550U waziattunstuniu Ndnasedsednsninvein1sgad
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wennillagnwnalnnisgadumelelamesuiuuiaidly SuaguunsuRyeINSgAT UV
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donndesiu lelawesungudy Fuaninalnnisgadulelefuduiuunaledu dwaiuansue
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luduazaunuiudniseasiien R donndesiulelomesuuadlies wansinalnnisgadu
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[ 1 1 1 a ¥ Y a YY) 6 a [ cav ¥ o a 6
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andAnINeamaznaail lakirnugu nseaduleledu waglinsensienied FTIR
SEM kag XRD nn1sAnwmuingamiinmangadlunisudndiu A 700°C §33ntaya
FTIR wudmgfflandusing loaateluneunun warlunisnseaualmianudud die 85%
HsPO, Tudnsndrudusionsaneanesnuiniu 1:1 lngdwidnseusunng Neamail 700 °C
wag 800 °C wuaunNduAnuiiudUsnasiiamudumnnuiovas 6.23 wag 1.17 183
TeleAulviniu 609.6 mg/g way 602.9 mg/g AuaIRU aufuduAINIUFanTud ULl
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ANNENAU kaENaN1IRTINEUIUALTUAMEY FTIR wudnivyilaidudevutiesninaiu du
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L3N WAndaInEIUNTEUINNINTEAUMENIAIAATNTUVWIA LULATEILNINTY Uagn1s

399d0UsIE XRD lauansinauiuiudnlmiuesvsuedygiunasiarsusznaurean
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Butane Adsorption Proximate Analysis FT-IR /Raman
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3.1 sduuumside

NAUsEENe

3.2 aunsaiildlusuie
1) WLuUYie (Tube Fumnace) Aagu# 1.2
2) FoUMIUANAIINTY

3) Tan-aunsaliATeum

4) PZENIITOUIUINAINY

3.3 N159NAABY
3.3.1 nMswIgaUAangnnsEUn

msfnwduildidengnnszunninuiis 1 Yu visnduilvevldaratudae
Fouriinnuaugamgil flgamail 105 °C Wuan 120 Wil twdengnnszunluualyi
aulBen lnsualuflvuadnndn 50 mesh (325 um) uaridegalunseduseasindineu

NIILHN

3.3.2 nsaRTimdIuUsEnauazanauURAlneUszana
° & a a v = Y o a ¢ a
WnUdengnnszuniinunswseuwasuniaziBenuias dlulesgimiusun

AMUTU USHAU0T USUNauasseine kazUSunuasuaunas

3.3.3 M5AATIZIN19AUTBU (Thermogravimetric analysis, TGA) [i@aaALUU
TsunsuuasAnuaaumglinmunzaslunisnssuauiusiug
MNITIATILANWANNSDU (TGA) AAT1ETNaN babazaankuuluswnsulunswIay

suiusiud laevimsnwaumginvangas Inefineigamgiin 700 °C uag 800 °C

3.3.4 M3nszAUAIEa1sLATIvIAM1
ININTERUMYasAisneT Ussnaume nsadanasn(H,S0,) nsaneanesn
(H;POq) NIAlalAsAaD3N (HCD nsalus3n (HNO,) Inunaleulansenlan (KOH) wazdennas

Iiﬁ(anlz)
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3.4 nsinssiaauURvastuiuiu
NuITensHaRawiududInUaangnnszun AATIERteyaInn1snTIaeuaNls

wuuUszana iieeenuuulunsmanieiminzay lnsemwaliasziaudiiangnnszun

'
v v A

Wesiuueaniuunsinssuauiudualuanzae wagihaunudusimisulalunegeu

v

AauUR InelisvavdennisInsIesiaee I5easdenail

3.4.1 MsAnwnmEIevesaIUiIEnaagansIAUBianasaukUUEINgIa (Scanning
Electron Microscope, SEM)

VTwmsﬁﬂmﬁuﬁ’aLLasﬁummmgwquﬁwmﬂﬁﬂ Field-emission scanning electron
microscopy (FESEM) (Hitachi SU8230) operated at 10 keV was used to observe surface

morphology of the electrodes.

v W

3.4.2 MsAnwNUNRIvasauiuiudaniUfangnnsEun

(%

g uiuiudludaseinuinaienIougiuesieain wales (Brunauer Emmett

Teller, BET)

3.4.3 NMINAFBUMANNEINTATUNIAAFULAYTINY (Butane activity) Y83A15UDUAY
v &
siud

nMnegeuIANanIalunsgadulislinu (Butane activity) vasansuauny

UADWBININUINTFIW ASTM D5228-16 anunsanaaaulaniunisnaaenil

1. Calibration of sample tube

1.1 319%90AR20819baL B UL AIANNLAYIN1NNS calibrate TAgNNSLANUINAUAS

lunlasgaudnunilomsusuy metilavionaonrennas venaslupsnuay

nwiiatastunisiinnasonNIATIzdNaliUSURsTAmNuAIALAR DULe

1.2 Upgnuaenisiuauliadninglifinsiivesennianawn wasgauiaenann

naearuileglisEAueglusEiuRgI UMY

1.3 WulUsues 16.7 + 0.05 ml asluuazszuswnudlunasnsiognakany

9

J5ums 16.7 ml
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1.4 dravaeannasIwasoUlikINNe U UIIPRIRE1NATUBY

2. ANSNAABUMAIDEN

a

2.1 Whdegreaniveunuiudalleungaumgll 75 °C MuAwieidnauTueen

Y

INAIDEN

2.2 Yuhviinvewvaenmediauazanta (B) ussimedwadlunaendegilile

V31195 16.7 ml udadsthwin (C) : Packing density (A) = C-B)/16.7

2.3 dmaeanussgsiegunsediiussuudanslusun 1 widdesunvdamy
HUFI9E1992EAIE 100 mU/min WWunategnetiay 45 uiil Nigangll 25

°C A?31UNTIMLN NUUEILIABNAUSEUURAINUBALALAS A 15

Y7 AUUNINA (D)

2.4 #ananfiIag 1N usTUULaIN UL lulnsuReans S lunslua

winlu 100 m/min aghatoy 45 U1y AaguR 3.2 wagduiinuamiin (E)

gﬂﬁ 3.2 Experimental setting for butane testing
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3.4.4 nsAnwmrgieantunaauuNuRlvasuiuiuAf LAY FT-IR
Basgvivmyilatunea (Fourier transform infared spectroscopy, FT-IR) 41679e14

(3 ¥ (%

LNUALAANAUNS KBr anntusadalmduildusiennuau 5 Bar tutan 1 uiil wauiun
ATIZNA8LATOI FT-IR: ThermOscientific model Nicolet is5 Tagawnulugig 4000-500

cm™ IUIU 64 AWNU

3.4.5 Raman spectroscopy
megrenasuumninm 2 niiaatunseanalas (class slide) a1 As Iz
A18LAT89 Confocal Raman Spectroscope (NT-MDT) Taglduasdideanaiuginndu 538

nm a@wnuluga9 1000-2200 cm™ 3117U 3 @NU
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uni 4

NANISNAABILAZILATIZNE

4.1 namsAnsevinuandanuulszanavaliangnnszun

nMiesesinunduTunmeuty 8.70% fuUTuuansszme (Volatile matter)
72.13% HUTH0461 (Ash) 1.70% USunaumsusunssa (Fixed Carbon) 17.47% uagU3una
AnsBUuARINAR 19T 4.1

namslesgiilasngnnszunainuianuiiuAengnnsruniviinaunduiiuas

USunauansseingganda 70% lagdmtin wansinudengnnszunilansduvsdianunsaseive

laNamnnlgaoguin
9 Y u u

15199 4.1 uansansiaseinaandituulszinavesfengnnssun

Test ltem Test Result Unit Test Method
(ar) (d)

Gross Calorific Value 4,350 4,770 kcallkg ASTM D5865
Net Calorific Value 4,030 4,410 kcallkg ASTM D5865
Moisture 8.70 0.00 w-% ASTM D7582
Volatile Matter 7213 79.00 w-% ASTM D7582
Fixed Carbon 17.47 19.13 w-% ASTM D7582
Ash 1.70 1.87 w-% ASTM D7582
Carbon (C) 46.44 50.86 w-% ASTM D5373
Hydrogen (H) 6.33 5.87 w-% ASTM D5373
Nitrogen (N) 0.04 0.05 w-% ASTM D5373
Oxygen (O) 4549 41.35 w-% ASTM D5373
Sulfur (S) 0.00 0.00 w-% ASTM D4239
Remark:

This analysis results are based on sample submitted to our laboratory.
ar = as received basis, ad = as determined basis, d = as dry basis, daf = dry ash free basis
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4.2 Han153LAs1ZARaUYTENBUNILAT N15ILASIZINI9AIU50U(Thermogravimetric
analysis, TGA)

NANITILATIZN TGA 2 WUU

1) Agldanniz N, (pyrolysis)

2) melaan1iz O, (combustion)

TneAnudu dry basis nglvinsgamaid 110 °C e 15 wnit iiteaudunoud (@a 100%
at 110 °C) ud23aLfingaungiisag heating rate 10 C/min 2ufia 900 °C (N,) uaz 800 °C
(0,) annsl meldaniiz N, (pyrolysis) fdmnanasii 250 °C dazduansszmeund
SussweluFenq aununail 500 °C fruniawieudiutuduiaindongnnsrun tiasseen
gaumaiAliTaausn 250 °C wde 300 °C Liidn step udnsTiUszIN 500 °C 1138 600 °C
Fuly

duNaILATIERIAYIENaU Lignocellulose Aae Van Soest Method

(P.J. Van Soest, J.B. Robertson, B.A. Lewis, Carbohydrate Methodology, Metabolism, and

Nutritional Implications in Dairy Caltle, J. Dairy Sci. 74 (1991) 3583-3597.)
Lignin 28.98%, Cellulose 47.78%, Hemicellulose 11.54% LLazﬁuﬂ 11.70% $apn5799 4.2

A15199 4.2 dulsenaunaaiivaalasnnssun

daulsznaumaindl Wt%
antu 28.98
lalawaglaa 76.77
\waglaa 47.78
\ellwaglad 11.54
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NIINLERINANITIATIZI TGA 2 Wuu Aanelaan1e O, (combustion) kaznielagniiz N,

(pyrolysis) faguil 4.1 wazgudl 4.2 muandi
100

He— o o]
= = [
T T T

Weightloss (wt%, d.b.)

I
=
T

0 1 1 1
100 200 300 400 500 600 700 800
Temperature(°C)

gﬂﬁ 4.1 Thermogravimetric analysis, TGA by O, combustion

100

80

Weightloss (wt%, d.b.)

L
e,
......
-----
..............

o | e iirirae,.,

0 1 1 1 1
100 200 300 400 500 600 700 800 900
Temperature (°C)

gﬂ‘ﬁ 4.2 Thermogravimetric analysis, TGA by N, pyrolysis
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NHaNIIMAdaUUBRuEINTRRenkuUTUTLNSulAs MUanakar e inaglEluns

a ! o o & = o al'
L@ﬁEJilﬂ']Uﬂllllumf’U']ﬂL‘Ua@ﬂ@ﬂﬂi%‘Uﬂ ﬂ\"]EU‘V] 4.3

Temperature Program 700 °C

900

800 ®

700
600
500
400
300
200
100

Temperature (°C)

o

50 100 150 200 250 300 350 400 450 500

Time (min)

(a)

Temperature Program 800 °C

800
700 ®

600
500
400
300
200
100

Temperature (°C)

o

50 100 150 200 250 300 350 400 450 500
Time (min)

(b)

5U7 4.3 (a)-(b) uanetunaunsitUaangnnszun LivaiaseuaIuny
°C wag 800 °C

550

550

L

4y

ANaungil 700
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4.4 nMsnevasdudendesgansIABianasauluudInsIa (Scanning Electron
Microscope, SEM)

HAYINNITANYIBIBATINYDIATUANTUAAULNATA Field-emission scanning electron

microscopy (FESEM) (Hitachi SU8230) wu3naainiivesdudududainiudengnnszun

Y a

LARIAT3UNA.4 (a-) IngUITINIIA AN UANg MR 700 °C B3nsudiuiutiesuas

Y Y 9
'
=

yuraLanngliadiaue Jeynpvwindnuuegduanunn Tuvaeigumngd 800 °C I3nyu

[

NN LINTUVUIAA19NTEIBUUATUBY LaseasevessnsuildnuazadeaUans ey

q

4.5 (a-k) FananloaenndasiuAnNgady

NETC 40,0K8:



N »

2 ‘\1‘

- 4‘ 3 N [ ‘ - \\>
NCEE 160KV $prixt, 00k SB(UJS

(b)

@
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&

L
E

NCTC10¢0kV§mm x1.50K SETD)!

p

£

k-

(e)
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NCTC 10.0kV 8.2mm x1, Q0K E{U).

29



NCTC 10.0KkV-8.2mmix500 SE

(i)

U7 4.4 (a-)mwdiendasganssadianasounuudinsa iasveIesige vadau

o  da = =

ANAUATIASEUTNDUNANA 700 °C

9 Y

30



@)
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% 2 E"' "F-\_
NCTC 10.0kV,.8.5mm x10.0k SE(U)

()

(d)

32



(e)

(f)

33



(h)
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NCTC10.0kV 8.3mm x1.00k

SE(U)

35
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-

NCTG.10.0kV 8 5mm xAQSEUY: =

(k)

JUN 4.5 (a-k) AMmenendesganssAlBiannsauwuudIngIn Nfdeenenieg vassiunu

duaniaSeuigamadl 800 °C

4.5 nMsfnwinunRIvassuiuiudanUaengnnszun, BET

¥ ' i
¢  aa & v v

iiolasgiuiIveInsgaduuiuiuduisaesieATaIugiuesiealiiv (Brunauer

Emmett Teller, BET) nafilsuanssansnedi 4.3 uay a15199 4.4

AN57199 4.3 BENIAINISIATIZIHDNN BET vasarunududil 700 °C wag 800 °C

700 °C Adsorption-desorption 800 °C Adsorption-desorption
Relative pressure | Volume @ STP Relative pressure | Volume @ STP
0.001963 101.6956 0.989224 135.0423
0.002282 107.1367 0.982520 134.5306
0.004358 110.642 0.967999 134.3001
0.007030 113.0978 0.929475 133.9138
0.010148 115.0524 0.898605 133.6503
0.018327 117.6799 0.879917 133.524
0.028390 119.6797 0.869924 133.6234
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0.036689 120.9217 0.831159 133.289
0.045675 121.946 0.804357 133.1547
0.072257 123.8471 0.772884 132.9882
0.096991 125.114 0.731887 133.1132
0.122695 126.1309 0.706984 133.0364
0.147980 126.9885 0.675128 132.9445
0.174067 127.6739 0.635463 132.7029
0.200402 128.1885 0.608845 132.4872
0.225588 128.6996 0.576437 132.7257
0.251377 129.1102 0.544291 132.7982
0.276146 129.5221 0.501749 132.7601
0.301985 129.7433 0.477816 132.5715
0.337554 130.0865 0.439349 132.0317
0.375667 130.3877 0.414935 131.889
0.413517 130.6524 0.372938 131.6692
0.451205 130.8766 0.348552 131.575
0.487072 130.9913 0.308342 131.304
0.523392 131.1242 0.274580 131.0381
0.560477 131.2412 0.243497 130.6874
0.599802 131.362 0.210791 130.2285
0.634677 131.3169 0.178468 129.7314
0.671606 131.4897 0.144146 129.1438
0.708599 131.5239 0.112461 128.3589
0.744565 131.6741 0.081038 127.2889
0.779957 131.8975 0.051089 125.7298
0.817390 132.1422

0.854128 132.1307

0.889732 132.2769

0.925769 133.0427

0.960976 133.6473

0977737 134.3147

0.989224 135.0423
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AN5199 4.4 LEAIAINISIATIZHNN BET U898 1UNNIUAN 700 °C tiaz 800 °C

Pore size distribution @ 700 °C

Pore size distribution @ 800 °C

Pore diameter dV load(d) Pore diameter dV load(d)
(nm) cm?/g (nm) cm®/g
0.0028700 111.5129 0.9893800 149.298
0.0043230 114.6835 0.9819320 149.2643
0.0070090 117.7542 0.9681410 148.6286
0.0102330 120.2075 0.9293550 148.0619
0.0181420 123.5111 0.8981370 147.6262
0.0283400 126.0602 0.8825670 147.5495
0.0362000 127.5929 0.8657790 147.3326
0.0480420 129.2785 0.8382600 147.1572
0.0702870 131.4116 0.8043710 146.7429
0.0978690 133.4051 0.7731540 146.5863
0.1219500 134.7476 0.7415460 146.5728
0.1472930 135.9746 0.6985150 146.412
0.1728410 136.9899 0.6752060 146.3883
0.1978080 137.848 0.6437760 1459116
0.2229310 138.6377 0.5999370 145.9543
0.2484580 139.4747 0.5720930 146.021
0.2734250 140.0661 0.5428170 145.9881
0.2983280 140.5111 0.5110750 145.8506
0.3349030 141.1107 0.4797940 145.4477
0.3723640 141.8207 0.4404690 144.3194
0.4091730 142.3687 0.4073310 143.889
0.4475340 142.6795 0.3717330 143.4641
0.4855480 143.0482 0.3486590 143.1725
0.5233560 143.345 0.3077530 142.6206
0.5600660 143.5767 0.2832680 142.189
0.5966770 143.7274 0.2427170 141.3719
0.6335360 143.8566 0.2180270 140.7726
0.6694020 144.0901 0.1777740 139.749
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0.7082520 144.4249 0.1459960 138.763
0.7431830 144.6245 0.1100590 137.3684
0.7798150 144.9728 0.0862040 136.1845
0.8155820 145.1105 0.0480630 133.5027
0.8525690 145.5656
0.8884280 146.1138
0.9236000 146.7597
0.9597640 148.2301
0.9766740 148.6877
0.9893800 149.298

Nntoyatun1sne WevihnsnaennswSeuisunaigamgil 700 °C wag 800 °C lanans

U1 4.6

160

Volume (cm3/g STP)

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/P0)

700 oC adsorption —@— 700 oC desorption
---4--- 800 oC adsorption =——@— 800 oC desorption

gﬂﬁ 4.6 Adsorption-desortion isotherm of activated carbon at 700 °C and 800 °C
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gﬂﬁ 4.7 The pore size distribution of activated carbon at 700 °C and 800 °C

a | LYY s al
Q']ﬂE"LJ‘Vl a.7 SUAPNTUINVBIINIUTVDINTUNUNUATILA

a

381NN 700 °C ag 800 °C

WievhmssSeumeuanaudavesuiuduanmIeun 9amall 700 °C and 800 °C WU

gaumgll 800 °C YUAFNIY YUIAUSHINT wasuiiy annIgamagll 700 °C Feasuling

M1579% 4.5

AN5197 4.5 g9U BET analysis

Temp (°C) | Sger (M%Q) | Vinic (cm/9) Vinecm?/g)

700 396.2 0.198 0.009

800 425.5 0.202 0.014

Method BET t-plot (Nitrogen Adsorption BJH (Nitrogen Desorption
Isotherm) Isotherms)
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4.6 nan1sanwsEAnSAmmsaaduasazaeliomu

Junsmusnamsgaduvessuiududainudengnnszun  nAnuamnsatunsgadu

a15a¥a1e butane UUNUNRIvosUANTUA MU 4.8 Ansgaduansazany butane 3
1 @ A a o ! U ! v o ¢ A = = a a

mhgiuliadnusenuvesduiududnndengnnszun  lnglUSeuliisulszavsninns

o

Anduvasnuiuiudndengnnszunfigamgil 700 °C wag 800 °C lakarann3197 4.6

JUN 4.8 uansgun1snaaesnisgaduansazatedaumnu
lngLilofuINeBNIRIgATAUET laHARIAIT1

Butane working capacity (BWC)

D—-E
Weight based; BWC, w/w% = C_B x 100

D—E
Volume based; BWC, w/v% or ¢/100 mL= C—_B XA X100

Butane activity (BA)

D-C
Weight based; BA, w/w% = ﬁ x 100

D-C
Volume based; BA, w/v% or ¢/100 mlL= ﬁ XA X100



Butane retentivity (BR)

E-C
Weight based; BWC, w/w% = ﬁ x 100

E-C
Volume based; BWC, w/v% or ¢/100 mL= ﬁ XA X100

15197 4.6 LLamwamﬁLﬂi'l::ﬁi]i::f?m%mwn'lsgﬂﬁumsaza'l&l'ﬁ'awm
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BWC BWC
Sample BA BA BR BR lodine
(%w/w) (%w/V) (%ow/w) (%ow/v) (%6w/w) (%ow/v) (mg/9)
700 °C 2.49 0.95 8.12 3.11 5.63 2.15
800 °C 351 0.95 9.80 2.66 6.28 1.70 < 750
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4.7 syl duvasdruiududaniudengnnszunalemaiia FT-IR

NNMTIATIA N5 FT-IR vossuiusiugainiuiongnnszuni 700 °C uaz 800 °C Hauana
1a3UT 4.9 nudnwzlanzveIiinf1996l wuny OH wiluaunisduadi 3428 cm? uag

Maapeiingnilansuszneulndiues viseuanmy N-H wenaniduliuaunisdui 2966 cm

Faduuoumsduvesmy —CH2- uwag ~CH vesasusynauszlsufn

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

g‘l.l‘ﬁ 4.9 FT-IR spectra of activated carbon after activating at 700 °C L.ag 800 °C



44

4.8 N157IATITHAENALA Raman spectroscopy
naMATziveauiusuiaIniUdangnnszunit 700 °C uaz 800 °C wansdsgui 4.10
nadoumetlngldmngrsuunnualan waznageunis Confocal Raman Spectroscope
(NT-MDT) nelduasdifend 538 nm wazawnulugas 1000-2200 cm-1

Intensity ratio of D-band to G-band of AC 700 °C = 0.897727

Intensity ratio of D-band to G-band of AC 800 °C = 0.891663

2000
AC_700°C

—— AC_800°C
1900 -

1800

1700 ~

Intensity

1600

1500 T T T T T T v T 1
1000 1200 1400 1600 1800 2000
Raman shift /cm™

g‘lJ‘ﬁ4.10 Raman spectra activated carbons prepared by calcined at 700L.8800 °C



45

4.9 fnwnsivuinuiig laenisnseduateansiall

ISR NTUMENNINSEAUMEasAliviiag1eg Useneudig nsadailisn nin
Waanasn nsalumsn nsnlalasrassn lnunadoulansenlen wasdanmaalsa (H,S0,,

HsPO,4, HNO4, HCL, KOH, and ZnCl,). g‘d‘ﬁ 4.11 ugnsA N, adsorption-desorption isotherm

A A Y v ~

Waz3UTl 4.12 UandAIN1INTEINBVBITNIUNYNNTEAUAIBaSIAllunsI199 NUINITNTERUY

9 Y 9
o

anufiusiudisng Fadaaslsd (ZnCl) WumsiiniuiRaldunign uwaclignsunfawadn 3

¥
¥ A a

a oA ! A o a 4 ! I A
Nﬁﬂ@ﬂﬁ’]immsﬁu@@ﬂﬂ“]VIU']N’]I‘mUH']iﬂizﬁ‘}WUVIN'ﬂWNaLLﬁﬂﬂﬂ'Wﬂ\‘ie] A® BET surface area

(SBET), micropore volume (Vmic) and mesopore volume (Vmes) wandluang el 4.7

500
450 —@— Al-adsorption
c--dk--- Al-desorption
400 ~—@—— A2-adsorption
- A2-desorption
,_\ —@— A3-adsorption
o
5} 300 <++<9---- A3-desorption
o
E 2l —@— A4-adsorption
g o= X+« Ad-desorption
>
g 200 —@— Bl-adsorption
- «ec<he+++ Bl-desorption
—@— S1l-adsorption
100 seeeee+ S1-desorption
50
0
0.0 0.2 0.4 0.6 0.8 1.0 12

Relative pressure (P/PO)

U7 4.11 uansA1 N, adsorption-desorption Yassuiududanudangnaszun Niin

1NN1INTEAUAEETIAN BRI
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I
~

------- Al=H2504
—>— A2=H3P0O4
—— A3=HCI

<o -+ A4=HNO3
—&— B1=KOH

—— S1=7nCI2
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M19197 4.7 uaaswuniavassufusivdnlaannsnszdudlgasialiviaggieg

Sample | Activating | Sger (M%/8) @ | Viie (€mM®/9) ° | Vinedlcm?/9) © | Dgyy (nm) @
agents
Sample | - 425.5 0.202 0.009 3.692
Al H,SO4 418.0 0.212 0.0049 3.967
A2 HsPO, 800.2 0.421 0.0132 3.182
A3 HCL 369.9 0.194 0.0266 3.411
A4 HNO; 432.4 0.238 0.0091 3.411
B1 KOH 1071 0.573 0.0242 3.424
S1 ZnCl, 1133 0.581 0.1018 3.440

a BETsurface area .

b Micropore surface area from t-plot method.

¢ BJH desorption pore volume.

d Average pore diameter.
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uni 5
A3UNaN1IINARRIkasToIEUBLUE

5.1 d@gunan1innaay

NNTANYINTNTBLRAEaNBaETUNIEYRsauANTuAIINIUGRNgNNTEUN 1nY
rldiunszuiuniswnglausserniavesuialulasiauiigungil 700 uag 800 Been
waed 1nenIdUANANTRNINIEAINLAENIAAT FIENITIATIEINIAIANTY USHN

L1 USUNadansseive USUNaIANSUUAIAT 21NNISNAABINUI ANALTE 8.7% USUaudn

(%
3

1.70% USHadansseive 72.13% USUnaumiuaumesia 17.47% Wellasignituiiiigesn1son

FUFBLATBIVGUBsEaLN awaes (Brunauer Emmett Teller, BET) uazndesdiannsou

WUUAeINIIA (SEM) Wuin wanilameigamadl 800 °C TiNunwazgnuvesduiuiunil

v
aa =3 A

YWINLAN VUIAFNTY WIAUTUNT uasiufing dinndifigumall 700 °C wasfinwinisgady

ansavaeUanu wuitaamgil 800 °C lviuszansamlunisgadudamunaniifn 700 °C

Y
(%

wannddeladnwmyienduaismaila Fourier-transform Infrared Spectroscopy (FTIR)
NAUAATY IR WULNUMSAUYRMY —OH, C-H, C=0 vasauiiiiud uansidengnnszun
flosfUsznauduniduaevin uanilevinnafiuiuiiteesdututudilddensnseduse
asialutinngs) wuindermaslsa (Zinc Chloride, ZnCl,) mmiaLﬁmmﬂgwgumaqmuﬁm

fudlaunnian lagldaamain 800 °C

Y

5.2 UDLaUDLUY

LY

INRANIINAGoNlAAIsIILANluEUBINITIAaRIka N Tiagant lUUssenal YRl

- Tudummasssmsinis@nundadinvangaulunisnsequaigansial

o i U o A a a0 YA Y ! a a |
- esthaudududnwseulaluussgnaldvsonnaslusinusneiuiy wu

o

naaeunNsIUlaventing1eg wsensgeaduddeunselaveninlududevseuine

$19¢)

1%
% a

- DdinINTEAUAIYANSLATLAINUNR LAY WAatils AT TANA AU LAY

Y vy
Y [y Y

n1sMAnansAtliiufiume NvuiuaManyMgnisidnu
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unil 6
A3Unan13ALENlATINSIY

6.1 NAALHUNISVRIIATIIUIIY

v v

o a av Avvoe a @ e & =~ = &
s niun1svedlassn3dell aandunsmuinguszasinaililaeisvazidendisil
lasen9398 nsAnwanngiwinzadlunmsessuauiuiudaniudengnnsyun

loanfiunsanuinguszaialasaniside fevitn1sinsginauandanmssiauasniuadl

a

INTUTATIRAENAaeIan1EIwEnzadlunswSsNa LU laevnassigamall

Y

' [
U 6

700 °C @z 800 °C antuthauiutudneseulaluInseiiuniaauInnguy uasn159n

CY

Fuansazaredamu nuauiududngn AN ANUWIINTNTEAU
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e
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=b.
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=
)
ee
€N
=
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=
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¥ a a 1 I ¥ b a 3 ¢l fo) a dy aa 14
MIYEAILAUTVUARN NG ‘W‘U’J']ﬂ']iﬂﬁ%({]u@']S%Qﬂﬂﬁa‘li@‘ﬂqm‘ﬁﬂu 800 °C N SaRNALAR LA

Y

wniigauaglagnunfiwiadiniian faiusenunsawsenauiuiudniuszansam

9

meldannzainanle wazanunsathawiuduiluneassdssandlugiunedelule wu

v

nageun sTulavgninuIenisgadudde

o

6.2 HNAIUILNANUN

W. Chaithanee '* and J. Chaichanawong ? “Preparation and Characterization of

Activated Carbon from Wild Almond (Lrvingia malayana) Shell”

N3UsEYUIVINT SLAUUIUINA ICMMCMSE-2020 (2nd International Conference on
Mathematical Modeling and Computational Methods in Science and Engineering) i

Tamil Nadu, India. 5"141'71' 22-24 1n31A3 2563
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1. BUIAAIINNNUNIIUTIATI?

- AN9EYIEINITY 1 Al SEEa 12 1heu
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Proximate Analysis, Ultimate analysis, BET, FT-IR, XRD “1a*
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- AoEenals (whuaz 0.50 U1v) ALday Alldwmas

- Anuds Anlusemd a9

75,000

3. UUINAINDULNY

4. NUINAITEYININITIVY
- fnansiadl (N, gas Wudu) (narwan 1)

- A3ER-UNTRlATRIRNIdMSUTINAY (nAKWIN 2)

45,700

5. MUIAAIATAUIILNONTATY

(A29N1¥T NTILEAUNMAUFDINUINTDIUIMNEIU) 5N

192,700




51

UIFUIUNA

[1] USuns wWugrsad, 2551. “NIMTENLATNITIATIEIANG N BULIRNNZ YR UAY

fudainbing  wavkivang” Inerlinus  Ylgginermansumdudie  a1v1iversmans

?NLL"J@EE{E]QJ, URMINGFUNUATAERS.

[2] 85755604 ASLUM, 295001 DUUIFNS LATLAUNDI Juvy, (2543). “MsEne
nsrUIUNIHAREUANTUAINY IRy WaeNgNee  uaznsanueni  waslUSeuiey
AaNTRvenLINGR 1R lassumaad, AT LAL, ANEINYIAANST,

UUINYI1BYAIVAIUATUNS, F9VaN.
[3] m5asansAIAusouvasanulsl — nsunlyd
forprod.forest.go.th/forprod/Tips/DETAILS/hwf.x(s

[4] uAs ANENIA, WU TINN: nAlulagnIsulasanIngInag, ngann:
delnfiad a.an, 2553.

[5] A. Brandt, J. Grasvik, J.P. Hallett, T. Welton, “Deconstruction of
lignocellulosic biomass with ionic liquids”, Green Chemistry 15 (2013) 550-583.

[6] gnns ShuiUS wagAn, 2557 “MIwseulaganyarImsvosauiuuiain

Waendlnn” unANWIdY, MNsansunInederinga U 17 adun 3 aduiivey.

[7] 3357 Aunswduazany, 2558, “N1siieuunasiAsIeRANsaaduvea Ui
NFWnnAlagIBn1snsedunaall”  MIUTEINININTILAVNR - INNING1REIVAYEIUY

FUUM.

a s

[8] 53¢ WAluAT waz as.Usw dgan, “mswasaiuiusiusannuindudiuznag”

UMINYNAY IV N UHBNYS.

[

[9] 354504 uavegaudn. “nsgaduddondiseduittusiinanandenlauay
wWasnneeuas
lagsnseRumanil” a1viviell angdngrmansiasinalulad 1nnIng1aes1veag
UATEITIA.
[10] Ysyayn weldns. “Msinsenauindudangnyni1e’ el el augIne1rans

UANINYIAYTIEAR.



52

[11] e 5550TLazANE, 2012

wazdendudevas” medvuedl ¢ ANERS UNNINEIaELSART wadlan




53

A

g‘uraﬂi

(\ NANTIIIILAING |
sy SR X



IBCEX

TEST REPORT
Test report number ;5100016
Customer name : Tnsantsiean 191587 R Ay daanaail
1710/AD06
Sample description : Biomass sample no. 6100016
Quantity of sample - 1kg.
Packing . In sealed bag
Date of sample received - 12 May 2013
Date of test and analysis completed : 25 May 20138

This is to report that the sample described above was submitted fo our laboratory o test the
followiing parameters. The test resulis cbiained are quoled here-under.

Test lem Test Result Unit Test Method
{ar) (d)

Gross Calorific Value 4 350 4770 kcalkg ASTM D53565
Met Calorific Value 4030 4410 kcallkg ASTM D3865
Moisture 8.70 0.00 W-% ASTM D7552
Volatile Matter 7213 79.00 w-% ASTM D7 582
Fized Carbon 17.47 19.13 w-% ASTM D7582
Ash 1.70 1.87 w-% ASTI DT582
Carbon (C) 46.44 50.86 w-%% ASTM D5373
Hydrogen {H) 6.33 5.87 w-% ASTM D3373
Nitrogen (N} 0.04 0.05 w-% ASTM D3373
Cxygen (O} 4549 41.35 w-% ASTM D2373
Sulfur {5) 0.00 0.00 w-% ASTM D4239
Semark:

- This analysis results are based on sample submitted to cur labaratony.
- ar=asreceived basis, ad = a5 determinad basis. d = 35 dry basis, daf = dry ash free basis

This report reflects our findings at fime and place of our intervention only and does nct relieve
the parties from their contractual responsibilities.

Signed and dated in Bangkok, Thailand. For and on behalf of
Cn 25 May 2013 BIOMASS EKGHANGE CO_, LTD.

Baom sEx

& Fesrps T Ll

(M=. Saiyai Thanomchard)
Laboratory Analyst

Page 1of1
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j A1 BJH Pore size distribution Adsorption.txt - Notepad
File Edit Format View Help
Nanomaterials for energy and catalysis (NEC)
National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)
Quantachrome NovaWin 21994-2010, Quantachrome Instruments v11.0

Analysis Report
Operator:Nano Date:2020/063/10 Operator:Nano Date:3/14/2020
Sample ID: 1 Filename: C:\QCdata\Physisorb\SD_Al.gps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1783 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 668.6 min End of run: 2020/03/10 5:23:13 Instrument: Nova Station A
Cell ID: [} F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below 0.35 P/Po
Adsorbate Nitrogen Temperature 77 .350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) dS(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1505 1.5296e-03 1.9420e+00 6.0156e-03 7.6377e+00 4.3615e-02 5.5376e+01
3.4208 2.9075e-03 3.5532e+00 4.8123e-03 5.6272e+00 3.7883e-02 4.4297e+01
3.7217 4.0928e-03 4.8271e+00 3.7572e-03 4.0381e+00 3.2178e-02 3.4584e+01
4.0608 5.163%e-03 5.8823e+00 2.9524e-03 2.9081e+00 2.7587e-02 2.7174e+01
4.4444 6.1978e-03 6.8127e+00 2.5569e-083 2.3012e+00 2.6149e-02 2.3534e+01
4.8851 7.3681e-03 7.7710e+00 2.4536e-03 2.0091e+00 2.7577e-02 2.2581e+01
5.3978 8.3891e-03 8.5276e+00 1.8615e-083 1.3794e+00 2.3116e-02 1.7130e+01
6.0048 9.4367e-03 9.2255e+00 1.5742e-03 1.0487e+00 2.1744e-02 1.4484e+01
6.7418 1.0649¢e-02 9.9446e+00 1.4990e-03 8.8939%-01 2.3242e-02 1.3790e+01
7.6219 1.2364e-02 1.0845e+01 1.8021e-03 9.4573e-01 3.1585e-02 1.6576e+01
8.8107 1.4767e-02 1.1936e+01 1.6854e-03 7.6516e-01 3.4118e-02 1.5489e+01
10.3896 1.8658e-02 1.3434e+01 2.2465e-03 8.6491e-01 5.3619e-02 2.0643e+01
12.5751 2.2687e-02 1.4715e+01 1.5268e-03 4.8566e-01 4.4047e-02 1.4011e+01
16.0293 2.9687e-02 1.6462e+01 1.6396e-03 4.0916e-01 6.0158e-02 1.5012e+01
22.0516 3.7529e-02 1.7885e+01 1.0086e-03 1.8294e-01 5.0675e-02 9.1921e+00
38.0159 4.1363e-02 1.8288e+01 1.5872e-04 1.6700e-02 1.3412e-02 1.4113e+00
65.4258 4.1791e-02 1.8314e+01 1.3958e-05 8.5337e-04 2.0637e-03 1.2617e-01
124.8696 4.2196e-02 1.8327e+01 4.5911e-06 1.4707e-04 1.2632e-03 4.0464e-02

BJH adsorption summary

Surface Area = 18.327 m?/g
Pore Volume = 0.042 cc/g
Pore Diameter Dv(d) = 3.150 nm



j A1 BJH Pore size distribution desorption.txt - Notepad
File Edit Format View Help
Nanomaterials for energy and catalysis (NEC)
National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)
Quantachrome NovaWin ?1994-2010, Quantachrome Instruments v11.0

Analysis Report
Operator:Nano Date:2020/03/10 Operator:Nano Date:3/14/2020
Sample ID: 1 Filename: C:\QCdata\Physisorb\SD_Al.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1783 g Sample Volume: @ cc
OQutgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 743 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/6@ sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 668.6 min End of run: 2020/03/10 5:23:13 Instrument: Nova Station A
Cell ID: 2} F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77.356K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1556 8.3204e-04 1.0547e+00 3.7124e-03 4.7058e+00 2.6963e-02 3.4178e+01
3.4010 1.9203e-03 2.3347e+00 4.0803e-03 4.7989¢+00 3.1937e-02 3.7561e+01
3.6797 4.9504e-03 5.6284e+00 1.0422e-02 1.1329e+01 8.8256e-02 9.5938e+01
39671 1.08533e-02 1.1258e+01 1.9654e-02 1.9817e+01 1.7946e-01 1.8094e+02
4.3122 1.1497e-02 1.2151e+01 2.3731e-03 2.2013e+00 2.3546e-02 2.1841e+01
4.6629 1.2260e-02 1.2806e+01 2.5817e-03 2.2146e+00 2.7710e-02 2.3770e+01
5.0509 1.3513e-02 1.3798e+01 2.6082e-03 2.0655e+00 3.0310e-02 2.4004e+01
5.5516 1.5018e-082 1.4883e+01 2.8902e-03 2.0824e+00 3.6918e-02 2.6600e+01
6.1747 1.8069e-02 1.6859%e+01 4.2065e-03 2.7250e+00 5.9738e-02 3.8699%e+01
6.8117 1.9957e-02 1.7968e+01 3.4405e-03 2.0204e+00 5.3934e-02 3.1671e+01
7.5845 2.2987e-02 1.9566e+01 3.039%4e-03 1.6030e+00 5.3004e-02 2.7954e+01
8.6577 2.6945e-02 2.1395e+01 3.4431e-03 1.5907e+00@ 6.8537e-02 3.1665e+01
10.0411 3.2164e-02 2.3473e+01 3.2272e-03 1.2856e+00 7.4453e-02 2.9659%e+01
11.9423 3.8115e-02 2.5467e+01 2.7231e-03 9.1209%e-01 7.4672e-02 2.5011e+01
14.5212 4.3322e-02 2.6901e+01 1.7517e-03 4.8254e-01 5.8367e-02 1.6078e+01
16.9769 4.5689e-02 2.7459%e+01 1.2210e-03 2.8768e-01 4.7676e-02 1.1233e+01
19.2850 4.6928e-02 2.7716e+01 4.6282e-04 9.5996e-02 2.0519e-02 4.2559e+00
25.0887 4.8274e-02 2.7930e+01 1.5073e-04 2.4032e-02 8.6150e-03 1.3735e+00
43.8449 4.8974e-02 2.799%4e+01 2.4459e-05 2.2314e-03 2.3792e-03 2.1706e-01
90.7273 4.9504e-02 2.8018e+01 8.1424e-06 3.5898e-04 1.6251e-03 7.1650e-02
146.1493 4.9728e-02 2.8024e+01 4.9060e-06 1.3427e-04 1.6375e-03 4.4816e-02

BJH desorption summary

Surface Area = 28.024 m2/g
Pore Volume = 0.050 cc/g
Pore Diameter Dv(d) = 3.967 nm
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Analysis Report

Operator:Nano Date:20206/03/10 Operator:Nano Date:3/14/2020
Sample ID: 1 Filename: C:\QCdata\Physisorb\SD_A1l.qgps

Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1783 g Sample Volume: @ cc

Outgas Time: 3.0 hrs OutgasTemp: 3e0.0 C

Analysis gas: Nitrogen Bath Temp: FR=30K

Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/6@ sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 668.6 min End of run: 2020/03/10 5:23:13 Instrument:

Cell ID: -] F/W version: 0.00

Adsorbate Nitrogen Temperature 77.356K

Molec. Wt.: 28.013 g Cross Section: 16.200 A2

Surface Area Data

MultiPoint BET

Langmuir surface area

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

t-method micropore surface area

DR method micropore area

NLDFT cumulative surface area

4.186e+02
6.668e+02
1.833e+01
2.802e+01
1.860e+01
2.841e+01
3.403e+01
3.840e+02
6.235e+02
6.226e+02

Pore Volume Data

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 micropore volume

DR method micropore volume

HK method cumulative pore volume

SF method cumulative pore volume

NLDFT method cumulative pore volume

4.220e-02
4.973e-02
4.121e-02
4.852e-02
2.126e-01
2.216e-01
2.231e-01
2.243e-01
2.553e-01

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d))
BJH method desorption pore Diameter (Mode Dv(d))
DH method adsorption pore Diameter (Mode Dv(d))
DH method desorption pore Diameter (Mode Dv(d))
DR method micropore Pore width

DA method pore Diameter (Mode)

HK method pore Diameter (Mode)

SF method pore Diameter (Mode)

NLDFT pore Diameter (Mode)

3.150e+00
3.967e+00
3.150e+00
3.967e+00
1.287e+00
1.168e+060
3.675e-01
3.508e-01
1.220e+00

Liquid Density: ©.808 g/cc

m2/g
m*/g
m3/g
m*/g
m*/g
m?/g
m*/g
m*/g
m*/g
m*/g

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

nm
nm
nm
nm
nm
nm
nm
nm
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Analysis Report

Operator:Nano Date:2019/12/22 Operator:Nano Date:12/22/2019

Sample ID: 1 Filename: C:\QCdata\Physisorb\Aung700C.qgps

Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points

Sample weight: ©.1319 g Sample Volume: € cc

Outgas Time: 3.2 hrs OutgasTemp: 300.0 C

Analysis gas: Nitrogen Bath Temp: .3 K

Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)

Analysis Time: 517.9 min End of run: 2019/12/22 5:58:00 Instrument: Nova Station A

Cell ID: (4] F/W version: .00

t-Method Calc. method: de Boer

BJH/DH method Moving pt. avg.: off Ignoring P-tags below 0.35 P/Po

Adsorbate Nitrogen Temperature 77.3506K

Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) dsS(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1860 7.9993e-04 1.0043e+00 3.0106e-03 3.7798e+00 2.2073e-02 2.7713e+01
3.4655 1.4558e-03 1.7613e+00 2.2366e-03 2.5816e+00 1.7836e-02 2.0587e+01
3.7680 1.7325e-03 2.0551e+00 8.8717e-04 9.4179%e-01 7.6929e-03 8.1665e+00
4.1021 2.0654e-03 2.3797e+00 9.3468e-04 9.1143e-01 8.8228e-03 8.6033e+00
4.4883 2.3395e-03 2.6240e+00 6.5852e-04 5.8688e-01 6.8006e-03 6.0608e+00
4.9542 2.6134e-03 2.8451e+00 5.3128e-04 4.2895e-01 6.0550e-03 4.8888e+00
5.4823 2.6134e-03 2.8451e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
6.0956 3.0178e-03 3.1105e+00 5.893%e-04 3.8676e-01 8.2636e-03 5.4227e+00
6.8623 3.0262e-03 3.1154e+00 9.9724e-06 5.8129e-03 1.5737e-04 9.1732e-02
7.8070 3.3358e-03 3.2740e+00 2.9701e-04 1.5217e-01 5.3311e-03 2.7315e+00
8.9964 3.8197e-03 3.4892e+00 3.6206e-04 1.6098e-01 7.4864e-03 3.3286e+00
10.6373 4.3341e-03 3.6826e+00 2.6445e-04 9.9441e-02 6.4591e-03 2.4288e+00
13.0250 4.3341e-03 3.6826e+00 ©.0000e+00 ©.0000e+00 ©.0000e+00 ©.0000e+00
16.6720 4.5734e-03 3.7400e+00 5.3612e-05 1.2863e-02 2.0457e-03 4.9082e-01
23.2627 6.0317e-03 3.9908e+00 1.6728e-04 2.8764e-02 8.8544e-03 1.5225e+00
39.4336 7.0962e-03 4.0988e+00 4.5062e-05 4.5709e-03 3.9661e-03 4.0231e-01
69.7915 8.2285e-03 4.1636e+00 3.0525e-05 1.7495e-03 4.7876e-03 2.7440e-01
134.1399 9.4164e-03 4.1991e+00 1.2968e-05 3.8669%¢e-04 3.8445e-03 1.1464e-01

BJH adsorption summary

Surface Area = 4.199 m?/g
Pore Volume = 0.009 cc/g
Pore Diameter Dv(d) = 3.186 nm
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Analysis Report
Operator:Nano Date:2019/12/22 Operator:Nano Date:12/22/2019
Sample ID: 1 Filename: C:\QCdata\Physisorb\Aung70@C.qps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1319 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: a3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 517.9 min End of run: 2019/12/22 5:58:00 Instrument: Nova Station A
Cell ID: 4] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below 0.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1860 7.9993e-04 1.0043e+00 3.0106e-03 3.7798e+00 2.2073e-02 2.7713e+01
3.4655 1.4558e-03 1.7613e+00 2.2366e-03 2.5816e+00 1.7836e-02 2.0587e+01
3.7680 1.7325e-03 2.0551e+00 8.8717e-04 9.4179%e-01 7.6929¢-03 8.1665e+00
4.1021 2.0654e-03 2.3797e+00 9.3468e-04 9.1143e-01 8.8228e-03 8.6033e+00
4.4883 2.3395e-03 2.6240e+00 6.5852e-04 5.8688e-01 6.8006e-03 6.0608e+00
4.9542 2.6134e-03 2.8451e+00 5.3128e-04 4.2895e-01 6.08550e-03 4.8888e+00
5.4823 2.6134e-03 2.8451e+00 0.0000e+00 ©.0000e+00 ©.0000e+00 0.0000e+00
6.0956 3.0178e-03 3.1105e+00 5.8939%e-04 3.8676e-01 8.2636e-03 5.4227e+00
6.8623 3.0262e-03 3.1154e+00 9.9724e-06 5.8129e-03 1.5737e-04 9.1732e-02
7.8070 3.3358e-03 3.2740e+00 2.9701e-04 1.5217e-01 5.3311e-03 2.7315e+00
8.9964 3.8197e-03 3.4892e+00 3.6206e-04 1.6098e-01 7.4864e-03 3.3286e+00
10.6373 4.3341e-03 3.6826e+00 2.6445e-04 9.9441e-02 6.4591e-03 2.4288e+00
13.0250 4.3341e-03 3.6826e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
16.6720 4.5734e-03 3.7400e+00 5.3612e-05 1.2863e-02 2.0457e-03 4.9082e-01
23.2627 6.0317e-03 3.9908e+00 1.6728e-04 2.8764e-02 8.8544e-03 1.5225e+00
39.4336 7.0962e-03 4.0988e+00 4.5062e-05 4.5709e-03 3.9661e-03 4.0231e-01
69.7915 8.2285e-03 4.1636e+00 3.0525e-05 1.7495e-03 4.7876e-03 2.7440e-01
134.1399 9.4164e-03 4.1991e+00 1.2968e-05 3.8669%e-04 3.8445e-03 1.1464e-01

BJH adsorption summary

Surface Area = 4.199 m2/g
Pore Volume = 0.009 cc/g
Pore Diameter Dv(d) = 3.186 nm
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Analysis Report

Operator:Nano Date:2019/12/22 Operator:Nano Date:12/22/2019
Sample ID: 1 Filename: C:\QCdata\Physisorb\Aung7@@C.qps

Sample Desc: Comment : 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1319 g Sample Volume: @ cc

Qutgas Time: 3.0 hrs OutgasTemp: 300.0 C

Analysis gas: Nitrogen Bath Temp: s K

Press. Tolerance:@.100/8.100 (ads/des)Equil time: 68/68 sec (ads/des) Equil timeout: 248/248 sec (ads/des)
Analysis Time: 517.9 min End of run: 2019/12/22 5:58:80 Instrument: Nova Station A
Cell ID: 4} F/W version: ©.00

Adsorbate Nitrogen Temperature 77.356K

Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.888 g/cc

Surface Area Data

MultiPoint BET 3.962e+02 m?/g
Langmuir surface area 5.724e+02 m?/g
BJH method cumulative adsorption surface area 4,199e+08 m?/g
BJH method cumulative desorption surface area 5.251e+00 m?/g
DH method cumulative adsorption surface area 4,335e+08 m?/g
DH method cumulative desorption surface area 5.629e+080 m?/g
t-method external surface area 6.172e+80 m3/g
t-method micropore surface area 3.900e+082 m?/g
DR method micropore area 5.598e+82 m?/g
NLDFT cumulative surface area 5.850e+082 m?/g

Pore Volume Data

BJH method cumulative adsorption pore volume 9.416e-83 cc/g
BJH method cumulative desorption pore volume 8.702e-03 cc/g
DH method cumulative adsorption pore volume 9.244e-083 cc/g
DH method cumulative desorption pore volume 8.780e-03 cc/g
t-method micropore volume 1.983e-01 cc/g
DR method micropore volume 1.990e-01 cc/g
HK methed cumulative pore volume 1.966e-01 cc/g
SF method cumulative pore volume 1.972e-01 cc/g
NLDFT method cumulative pore volume 1.967e-01 cc/g

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d)) 3.186e+00 nm
BJH method desorption pore Diameter (Mode Dv(d)) 3.678e+88 nm
DH method adsorption pore Diameter (Mode Dv(d)) 3.186e+80 nm
DH method desorption pore Diameter (Mode Dv(d)) 3.678e+00@ nm
DR method micropore Pore width 1.165e+080 nm
DA method pore Diameter (Mode) 1.400e+20 nm
HK method pore Diameter (Mode) 3.675e-81 nm
SF method pore Diameter (Mode) 3.508e-01 nm

NLDFT pore Diameter (Mode) 1.884e+00 nm
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Analysis Report
Operator:Nano Date:2019/12/22 Operator:Nano Date:12/23/2019
Sample ID: 2 Filename: C:\QCdata\Physisorb\Aung8@ec.qgps
Sample Desc: Comment : 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1349 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 7S 1 4
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/24@ sec (ads/des)
Analysis Time: 521.8 min End of run: 2019/12/22 6:61:55 Instrument: Nova Station B
Cell ID: e F/W version: ©.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 AZ Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.85@ erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dv(logd) dS(logd)
Area
nm cc/g m?/g cc/nm/g m2/nm/g cc/g cc/g
3.1563 1.1649¢e-83 1.4791e+00 4.7227e-03 5.9966e+00 3.4240e-02 4.3476e+01
3.3994 2.3793e-03 2.9080e+00 4.8254e-063 5.6778e+00 3.7753e-02 4.4423e+01
3.6915 6.0262e-63 6.8532e+00 1.8951e-62 1.1866e+01 9.30822e-02 1.00806e+062
4.0060 7.2426e-03 8.0738e+00 4.1229e-03 4.1167e+00 3.80613e-02 3.7956e+01
4.3225 7.5876e-63 8.3925e+00 1.6233e-03 9.4697e-01 1.6180e-02 9.4203e+00
4.6653 7.5999e-063 8.4036e+00 3.713%e-05 3.1843e-02 3.9877e-04 3.4191e-01
5.0269 7.5999%e-063 8.4036e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
5.5616 7.5999e-063 8.4036e+00 0.0000e+00 0.0000e+00 ©0.0000e+00 0.0000e+00
6.2113 8.8568e-03 9.21306e+00 2.0818e-03 1.3407e+00 2.9756e-02 1.9159%e+01
6.7745 8.8688e-03 9.2261e+00 2.2857e-85 1.3496e-02 3.5637e-04 2.1642e-01
7.6330 9.1944e-063 9.3967e+00 2.7267e-04 1.4289%e-01 4.7826e-083 2.5663e+00
8.8037 9.1944e-63 9.39067e+00 ©.0000e+00 ©0.0000e+00 ©0.0000e+00 ©.0000e+00
10.1150 9.4985e-03 9.5110e+00 2.0604e-04 8.1479e-02 4.7903e-03 1.8943e+00
11.9594 1.06385e-02 9.8075e+00 4.0055e-04 1.3397e-01 1.0999%e-02 3.6787e+00
14.3570 1.0726e-02 9.9024e+00 1.3198e-04 3.6770e-02 4.3512e-03 1.2123e+00
16.7215 1.1163e-02 1.00087e+01 2.0346e-04 4.8671e-02 7.8230e-03 1.8714e+00
19.8962 1.1361e-02 1.6036e+01 5.30646e-05 1.1111e-02 2.3288e-03 4.8781e-01
24.6806 1.2122e-02 1.06169e+01 9.59008e-065 1.5543e-02 5.3948e-03 8.7433e-01
45.6588 1.3108e-062 1.6255e+01 2.9538e-065 2.5877e-63 2.9617e-063 2.5946e-01
85.3364 1.4175e-02 1.8305e+01 2.3205e-05 1.0877e-03 4.4472e-03 2.0846e-01
145.4330 1.42308e-02 1.6387e+01 7.4674e-07 2.0373e-05 2.4257e-064 6.6717e-83

BJH desorption summary

Surface Area = 10.307 m?*/g
Pore Volume 0.014 cc/g
Pore Diameter Dv(d) = 3.692 nm



63

| Aung800C BJH Pore size distribution Adsorption.txt - Notepad
File Edit Format View Help
Nanomaterials for energy and catalysis (NEC)
National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)
Quantachrome NovalWin ?1994-2010, Quantachrome Instruments v11.0

Analysis Report
Operator:Nano Date:2019/12/22 Operator:Nano Date:12/23/2019
Sample ID: 2 Filename: C:\QCdata\Physisorb\Aung800C.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©0.1349 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: MNitrogen Bath Temp: TZ:3°K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/248 sec (ads/des)
Analysis Time: 521.8 min End of run: 2019/12/22 6:01:55 Instrument: Nova Station B
Cell ID: (4] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77 .356K
Molec. Wt.: 28.013 g Cross Section: 16.200 A? Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.85@ erg/cm?
Diameter Pore Volume Pore Surf dv(d) dS(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1591 1.6967e-03 2.1483e+00 6.6313e-03 8.3965e+00 4.8210e-02 6.1043e+01
3.4345 2.5157e-03 3.1022e+00 2.7755e-03 3.2325e+00 2.1936e-02 2.5548e+01
3.7460 3.5375e-03 4.1932e+00 3.1163e-03 3.3276e+00 2.6863e-02 2.8684e+01
4.0949 4.3116e-03 4.9494e+00 2.0933e-03 2.0448e+00 1.9724e-02 1.9267e+01
4.4856 4.8709¢-03 5.4482e+00 1.3588e-03 1.2117e+00 1.4025e-02 1.2507e+01
4.9296 5.1655e-083 5.6873e+00 6.1848e-04 5.0186e-01 7.0147e-03 5.6920e+00
5.45085 5.3805e-03 5.8450e+00 3.8001e-04 2.7888e-01 4.7649e-03 3.4968e+00
6.0635 5.8877e-03 6.1796e+00 7.6811e-04 5.0671e-01 1.0714e-02 7.0675e+00
6.8354 6.6459¢e-03 6.6233e+00 8.5833e-04 5.0229e-01 1.3490e-02 7.8945e+00
7.7800 7.0382e-03 6.8250e+00 3.9000e-04 2.0051e-01 6.9767e-03 3.5870e+00
8.9708 7.7831e-03 7.1571e+00 5.4147e-04 2.4144e-01 1.1163e-02 4.9774e+00
10.5786 7.9918e-03 7.2361e+00 1.1345e-04 4.2897e-02 2.7564e-03 1.0423e+00
12.8956 8.9005e-03 7.5179e+00 3.2522e-04 1.0088e-01 9.6188e-03 2.9836e+00
16.4921 9.9682e-03 7.7769e+00 2.4271e-04 5.8868e-02 9.1620e-03 2.2222e+00
22.7808 1.1174e-02 7.9886e+00 1.4744e-04 2.5888e-02 7.6500e-03 1.3432e+00
38.3123 1.3812e-02 8.2640e+00 1.1525e-04 1.2033e-02 9.8574e-03 1.0292e+00
67.0833 1.4590e-02 8.3104e+00 2.2456e-05 1.3398e-03 3.3901e-03 2.0214e-01
133.4795 1.5586e-082 8.3402e+00 1.08154e-05 3.0428e-04 2.9747e-03 8.9143e-02

BJH adsorption summary

Surface Area = 8.340 m2/g
Pore Volume = 0.016 cc/g
Pore Diameter Dv(d) = 3.159 nm



64

| Aung800C Summary.txt - Notepad

File Edit Format View Help
Nanomaterials for energy and catalysis (NEC)
National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)
Quantachrome NovaWin 21994-2018, Quantachrome Instruments v11.0

Analysis Report
Operator:Nano Date:2019/12/22 Operator:Nano Date:12/23/2019
Sample ID: 2 Filename: E:\Aung 20191221\808C\Summary.qps
Sample Desc: Comment: 7@ points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1349 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance:2.100/0.10@ (ads/des)Equil time: 6@/6@ sec (ads/des) Equil timeout: 248/24@ sec (ads/des)
Analysis Time: 521.8 min End of run: 2019/12/22 6:81:55 Instrument: Nova Station B
Cell ID: <] F/W version: 0.00
Adsorbate Nitrogen Temperature 77.358K

Molec. Wt.: 28.013 g Cross Section: 16.208 A2 Liquid Density: ©.888 g/cc

Surface Area Data

MultiPoint BET 4.255e+82 m?/g
Langmuir surface area 6.234e+02 m?/g
BJH method cumulative adsorption surface area 8.340e+00 m?/g
BJH method cumulative desorption surface area 1.831e+081 m?/g
DH method cumulative adsorption surface area 8.496e+02 m?/g
DH method cumulative desorption surface area 1.862e+01 m?/g
t-method external surface area 2.113e+01 m3/g
t-method micropore surface area 4.843e+02 m?/g
DR method micropore area 5.953e+082 m?/g
NLDFT cumulative surface area 6.122e+02 m?/g

Pore Volume Data

BJH method cumulative adsorption pore volume 1.559e-82 cc/g
BJH method cumulative desorption pore volume 1.423e-082 cc/g
DH method cumulative adsorption pore volume 1.523e-82 cc/g
DH method cumulative desorption pore volume 1.403e-82 cc/g
t-method micropore volume 2.820e-01 cc/g
DR method micropore volume 2.115e-01 cc/g
HK method cumulative pore volume 2.106e-01 cc/g
SF method cumulative pore volume 2.116e-01 cc/g
NLDFT method cumulative pore volume 2.191e-01 cc/g

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d)) 3.159e+0@ nm
BJH method desorption pore Diameter (Mode Dv(d)) 3.692e+80@ nm
DH method adsorption pore Diameter (Mode Dv(d)) 3.159e+88 nm
DH method desorption pore Diameter (Mode Dv(d)) 3.692e+2@ nm
DR method micropore Pore width 1.231e+82 nm
DA method pore Diameter (Mode) 1.288e+80 nm
HK method pore Diameter (Mode) 3.675e-21 nm
SF method pore Diameter (Mode) 4.,523e-81 nm

NLDFT pore Diameter (Mode) 1.884e+82 nm
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Analysis Report
Operator:Nano Date:2020/03/10 Operator:Nano Date:3/14/2020
Sample ID: 2 Filename: C:\QCdata\Physisorb\SD_A2.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1501 g Sample Volume: @ cc
Outgas Time: 3.0 hrs QutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 68/60 sec (ads/des) Equil timeout: 240/248 sec (ads/des)
Analysis Time: 676.8 min End of run: 2020/03/10 5:31:21 Instrument: Nova Station B
Cell ID: 4] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below 0.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1427 2.6317e-03 3.3496e+00 1.0137e-02 1.2902e+01 7.3314e-02 9.3313e+01
3.4132 4.776%e-03 5.8637e+00 7.6226e-03 8.9330e+00 5.9874e-02 7.0167e+01
3.7161 6.6848e-03 7.9172e+00 5.8825e-03 6.3319e+00 5.0302e-02 5.4145e+01
4.0573 7.7110e-03 8.9290e+00 2.8663e-03 2.8259e+00 2.6760e-02 2.6383e+01
4.4413 8.9925e-03 1.0083e+01 3.1252e-03 2.8147e+00 3.1938e-02 2.8764e+01
4.8785 9.9950e-03 1.09085e+01 2.1593e-03 1.7705e+00 2.4237e-02 1.9873e+01
5.3853 1.0752e-02 1.1467e+01 1.3771e-03 1.0229e+00 1.7062e-02 1.2673e+01
6.0049 1.1274e-02 1.1815e+01 7.5728e-04 5.0444e-01 1.0459%e-02 6.9671e+00
6.7716 1.1810e-02 1.2132e+01 6.3584e-04 3.7559%e-01 9.9013e-03 5.8487e+00
7.7382 1.2325e-02 1.2398e+01 4.7181e-04 2.4388e-01 8.3927e-03 4.3383e+00
8.9580 1.3502e-02 1.2924e+01 8.7263e-04 3.8966e-01 1.7965e-02 8.0220e+00
10.6259 1.3502e-02 1.2924e+01 0.0000e+00 0.0000e+00 0.0000e+00 ©.0000e+00
13.0492 1.3502e-02 1.2924e+01 0.0000e+00 ©.0000e+00 ©.0000e+00 ©.0000e+00
16.8500 1.3505e-082 1.2924e+01 4.9828e-07 1.1829e-04 1.9205e-05 4.5589e-03
23.9012 1.3505e-02 1.2924e+01 ©.0000e+00 ©.0000e+00 0.0000e+00 0.0000e+00
39.2216 1.3505e-02 1.2924e+01 0.0000e+00 ©.0000e+00 ©.0000e+00 0.0000e+00
67.4312 1.3727e-02 1.2937e+01 6.3167e-06 3.7471e-04 9.5816e-04 5.6838e-02
132.9183 1.3727e-02 1.2937e+01 0.0000e+00 0.0000e+00 ©.0000e+00 0.0000e+00

BJH adsorption summary

Surface Area = 12.937 m?/g
Pore Volume = 0.014 cc/g
Pore Diameter Dv(d) = 3.143 nm
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Analysis
Operator:Nano
Sample ID: 2

Sample Desc:

Sample weight: 0.1501 g
Outgas Time: 3.0 hrs
Analysis gas: Nitrogen

Date:2020/03/10
Filename:
Comment:
Sample Volume:

OutgasTemp:

Bath Temp:

Press. Tolerance:9.100/0.100 (ads/des)Equil time:

Report
Operator

:Nano

Date:3/14/2020

C:\QCdata\Physisorb\SD_A2.qgps
70 points Ads 39 pts - Des 31 pts - BET 11 points

0 cc
300.0 C
77.3 K

66

60/60 sec (ads/des) Equil timeout: 248/248 sec (ads/des)

2020/03/16 5:31:21 Instrument:
F/W version:

Ignoring P-tags below @.35 P/Po

356K

ds(d)
m2/nm/g

.1393e+01
.4661e+00
.1617e+00
.1938e-01
.4774e+00
.2816e+00
.7756e+00
.5397e-01
.2487e+00
.9819e-01
.5785e-01
.4747e-02
.1446e-01
.4740e-02
.3274e-03
.5008e-02
.7012e-02
.4138e-03
.6835e-04
.3664e-04

Analysis Time: 676.8 min End of run:
Cell ID: %]
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off
Adsorbate Nitrogen Temperature Iz
Molec. Wt.: 28.013 g Cross Section: 16.200 A2
Contact Angle: 0.0 degreesSurf. Tension: 8.85@0 erg/cm?
Diameter Pore Volume Pore Surf dv(d)
Area
nm cc/g m2/g cc/nm/g
3.1816 2.3414e-03 2.9437e+00 9.0618e-03
3.4114 3.1076e-03 3.8421e+00 3.8088e-03
3.6844 5.0657e-03 5.9679e+00 5.6756e-03
3.9950 5.2641e-03 6.1666e+00 7.1849¢e-04
4.2644 5.9580e-03 6.8175e+00 2.6412e-03
4.6490 6.7124e-03 7.4666e+00 1.4896e-03
5.0691 7.4632e-03 8.0590e+00 2.2502e-03
5.5466 8.0267e-03 8.4653e+00 9.0683e-04
6.0952 8.9321e-03 9.0595e+00 1.9028e-03
6.7831 1.0303e-02 9.8679e+00 1.5231e-03
7.5688 1.8757e-02 1.0108e+01 6.7561e-04
8.6183 1.0863e-02 1.0157e+01 7.4865e-05
9.8748 1.1170e-082 1.0281e+01 2.8256e-04
11.5508 1.1528e-02 1.0406e+01 1.5807e-04
14.5636 1.1656e-02 1.0441e+01 3.3960e-05
17.0635 1.1841e-02 1.0484e+01 1.4934e-04
19.0407 1.2061e-02 1.0530e+01 8.0981e-05
24.9640 1.2541e-02 1.0607e+01 5.2510e-05
48.1359 1.2885e-02 1.0636e+01 9.2463e-06
83.9704 1.3056e-02 1.0644e+01 4.9678e-06
141.0174 1.3194e-02 1.0648e+01 1.7280e-06

BANNORWOUVEWWORORRENSNO B

.9014e-05

BJH desorption summary

Surface Area
Pore Volume

Pore Diameter Dv(d)

10.648 m2/g
0.013 cc/g
3.182 nm

dV(logd)

cc/g

MOWOUNWUERERBRODRENNRERNRENOGO AN

.6349e-02
.9909%¢e-02
.8115e-02
.6066e-03

5926e-02
5936e-02
6255e-02

.1569e-02
.6692e-02
.3755e-02
.1767e-02

4822e-03

.4182e-03

1907e-03
1325e-03

.8650e-03
.5444e-63
.9844e-03
.7159e-04

4688e-04

.4583e-04

Nova Station B
0.00

Liquid Density: 0.808 g/cc

dS(logd)

cc/g

RPRORARNRERPWENOORERERONERENOGOWV WO

.3417e+01
.5070e+01
.2236e+01
.6149e+00
.4318e+01
.3706e+01
.0717e+01
.3435e+00
.7517e+01
.4008e+01
.2185e+00
.8795e-01
.5998e+00

4512e+00

.1104e-01
.3749e+00
.4460e-01
.7820e-01
.0737e-02
.5185e-02
.5483e-02
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Analysis Report

Operator:Nano Date:2020/03/10 Operator:Nano Date:3/14/2020
Sample ID: 2 Filename: C:\QCdata\Physisorb\SD_A2.qgps

Sample Desc: Comment : 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1501 g Sample Volume: @ cc

Outgas Time: 3.0 hrs OutgasTemp: 3008.0 C

Analysis gas: Nitrogen Bath Temp: 77.3 K

Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 248/240 sec (ads/des)
Analysis Time: 676.8 min End of run: 2020/03/10 5:31:21 Instrument:

Cell ID: 2} F/W version: 8.00

Adsorbate Nitrogen Temperature 77.356K

Molec. Wt.: 28.013 g Cross Section: 16.200 A?

Surface Area Data

MultiPoint BET

Langmuir surface area

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

t-method micropore surface area

DR method micropore area

NLDFT cumulative surface area

8.002e+02
1.3062e+03
1.294e+01
1.065e+01
1.339e+01
1.085e+081
1.959e+081
7.806e+02
1.127e+03
9.241e+02

Pore Volume Data

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 micropore volume

DR method micropore volume

HK method cumulative pore volume

SF method cumulative pore volume

NLDFT method cumulative pore volume

1.373e-02
1.319e-02
1.371e-02
1.292e-062
4.217e-01
4.004e-61
4.118e-01
4.165e-01
4.245e-01

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d))
BJH method desorption pore Diameter (Mode Dv(d))
DH method adsorption pore Diameter (Mode Dv(d))
DH method desorption pore Diameter (Mode Dv(d))
DR method micropore Pore width

DA method pore Diameter (Mode)

HK method pore Diameter (Mode)

SF method pore Diameter (Mode)

NLDFT pore Diameter (Mode)

3.143e+00
3.182e+00
3.143e+00
3.182e+00
1.945e+00
1.520e+00
3.675e-01
3.508e-01
1.167e+060

Liquid Density: ©.808 g/cc

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

nm
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National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)
Quantachrome NovaWin ?1994-2010, Quantachrome Instruments v11.0

Analysis Report
Operator:Nano Date:2020/03/11 Operator:Nano Date:3/14/2020
Sample ID: 3 Filename: C:\QCdata\Physisorb\SD_A3.qgps
Sample Desc: Comment: 7@ points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: 0.1232 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: MNitrogen Bath Temp: 77.3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 531.2 min End of run: 2020/03/11 20:20:29 Instrument: Nova Station A
Cell ID: ] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©0.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) dS(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1722 1.4902e-03 1.8791e+00 6.0159%-03 7.5858e+00 4.3919e-02 5.5380e+01
3.4419 3.0691e-03 3.7140e+00 5.4110e-03 6.2884e+00 4.2858e-02 4.9808e+01
3.7410 3.7760e-03 4.4698e+00 2.3073e-03 2.4670e+00 1.9864e-02 2.1239%e+01
4.0712 4.4470e-03 5.1291e+00 1.8956e-083 1.8624e+00 1.7758e-02 1.7448e+01
4.4544 5.0116e-03 5.6361e+00 1.3693e-03 1.2296e+00 1.4034e-02 1.2603e+01
4.9012 5.9591e-03 6.4094e+00 1.9684e-03 1.6065e+00 2.2197e-02 1.8115e+01
5.4348 6.2031e-03 6.5890e+00 4.1643e-04 3.0649%e-01 5.2062e-03 3.8317e+00
6.0766 6.7365e-03 6.9401e+00 7.6476e-04 5.0342e-01 1.0689%e-02 7.0360e+00
6.8320 7.6285e-03 7.4624e+00 1.0967e-03 6.4210e-01 1.7232e-02 1.08089%e+01
7 .4019 7.6285e-03 7.4624e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
8.9992 8.2174e-03 7.7241e+00 4.2429e-04 1.8859%-01 8.7744e-03 3.9001e+00
10.6388 8.7015e-03 7.9061e+00 2.5597e-04 9.6241e-02 6.2540e-03 2.3514e+00
12.9564 9.0503e-03 8.0138e+00 1.2710e-04 3.9239%e-02 3.7776e-03 1.1663e+00
16.6514 9.5774e-03 8.1404e+00 1.1346e-04 2.7256e-02 4.3220e-03 1.08382e+00
23.3116 1.0448e-02 8.2898e+00 1.0036e-04 1.7220e-02 5.3242e-03 9.1358e-01
38.5200 1.1573e-02 8.4066e+00 5.1744e-05 5.3732e-03 4.4649e-03 4.6364e-01
64.7146 1.3047e-02 8.4977e+00 4.8094e-05 2.9727e-03 7.0305e-03 4.3456e-01
109.6918 1.5850e-02 8.6000e+00 4.7266e-05 1.7236e-03 1.1641e-02 4.2451e-01

BJH adsorption summary

Surface Area = 8.600 m2/g
Pore Volume = 0.016 cc/g
Pore Diameter Dv(d) = 3.172 nm
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Analysis Report
Operator:Nano Date:2020/03/11 Operator:Nano Date:3/14/2020
Sample ID: 3 Filename: C:\QCdata\Physisorb\SD_A3.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1232 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/248 sec (ads/des)
Analysis Time: 531.2 min End of run: 2020/03/11 20:20:29 Instrument: Nova Station A
Cell ID: 5} F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below 0.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: 0.808 g/cc
Contact Angle: 0.0 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1729 2.2410e-03 2.8252e+00 8.1261e-03 1.0244e+01 5.9332e-02 7.4797e+01
3.4111 5.1509e-03 6.2374e+00 1.4504e-02 1.7008e+01 1.1389%e-01 1.3355e+02
3.6795 9.7124e-03 1.1196e+01 1.3570e-02 1.4752e+01 1.1489%e-01 1.2489%e+02
3.9865 1.2864e-02 1.4359e+01 1.1347e-02 1.1386e+01 1.0411e-01 1.0447e+02
4.2552 1.4119e-082 1.5539e+01 4.8355e-03 4.5455e+00 4.7363e-02 4.4523e+01
4.6436 1.5178e-02 1.6450e+01 2.0457e-03 1.7621e+00 2.1850e-02 1.8822e+01
5.0706 1.5886e-02 1.7009e+01 2.1058e-03 1.6612e+00 2.4577e-02 1.9388e+01
5.5285 1.7070e-082 1.7866e+01 2.0427e-03 1.4780e+00 2.5980e-02 1.8797e+01
6.0535 1.7768e-02 1.8327e+01 1.4841e-03 9.8064e-01 2.0676e-02 1.3662e+01
6.7892 1.8540e-02 1.8782e+01 7.7104e-04 4.5427e-01 1.2032e-02 7.0887e+00
7.7069 1.8938e-02 1.8988e+01 4.7663e-04 2.4738e-01 8.4498e-03 4.3856e+00
8.7409 1.9653e-082 1.9316e+01 5.7991e-04 2.6538e-01 1.1652e-082 5.3323e+00
10.07%@ 2.0347e-02 1.9591e+01 4.8117e-04 1.9096e-01 1.1148e-02 4.4242¢+00
11.6865 2.0648e-02 1.9694e+01 1.6969e-04 5.8080e-02 4.5574e-03 1.5599e+00
14.4525 2.1417e-02 1.9907e+01 2.0454e-04 5.6610e-02 6.7681e-03 1.8732e+00
16.9186 2.1488e-02 1.9924e+01 6.0904e-05 1.4399e-02 2.3716e-03 5.6072e-01
18.8436 2.1886e-02 2.0008e+01 1.4867e-04 3.1559%e-02 6.4398e-03 1.3670e+00
26.3001 2.3411e-02 2.0240e+01 1.2462e-04 1.8953e-02 7.4086e-03 1.1268e+00
46.0385 2.3557e-02 2.0253e+01 5.3582e-06 4.6554e-04 5.5104e-04 4.7876e-02
90.0861 2.5619e-02 2.0344e+01 3.3887e-05 1.5047e-03 6.7533e-03 2.9986e-01
129.9293 2.6648e-02 2.0376e+01 5.4619e-05 1.6815e-03 1.6312e-02 5.0218e-01

BJH desorption summary

Surface Area = 20.376 m2/g
Pore Volume = 0.027 cc/g
Pore Diameter Dv(d) = 3.411 nm
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Analysis Report

Operator:Nano Date:206206/03/11 Operator:Nano Date:3/14/2020
Sample ID: 3 Filename: C:\QCdata\Physisorb\SD_A3.qps

Sample Desc: Comment : 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1232 g Sample Volume: © cc

Outgas Time: 3.0 hrs OutgasTemp: 360.0 C

Analysis gas: Nitrogen Bath Temp: 7.3 K

Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 531.2 min End of run: 2020/03/11 20:20:29 Instrument:

Cell ID: -] F/W version: 0.00

Adsorbate Nitrogen Temperature 77.356K

Molec. Wt.: 28.013 g Cross Section: 16.200 A2

Surface Area Data

MultiPoint BET

Langmuir surface area

BJH method cumulative adsorption surface area
BJH method cumulative desorption surface area

DH
DH

method cumulative adsorption surface area
method cumulative desorption surface area

t-method external surface area
t-method micropore surface area

DR

method micropore area

NLDFT cumulative surface area

3.699e+02
5.931e+02
8.600e+00
2.038e+01
8.764e+00
2.075e+01
1.534e+01
3.545e+02
5.545e+02
5.244e+02

Pore Volume Data

BJH method cumulative adsorption pore volume
BJH method cumulative desorption pore volume

DH
DH

method cumulative adsorption pore volume
method cumulative desorption pore volume

t-method micropore volume

DR
HK
SF

method micropore volume
method cumulative pore volume
method cumulative pore volume

NLDFT method cumulative pore volume

1.585e-02
2.665e-02
1.547e-02
2.606e-62
1.943e-01
1.971e-01
1.971e-01
1.983e-01
2.063e-01

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d))
BJH method desorption pore Diameter (Mode Dv(d))

DH
DH
DR
DA
HK
SF

method adsorption pore Diameter (Mode Dv(d))
method desorption pore Diameter (Mode Dv(d))
method micropore Pore width
method pore Diameter (Mode)
method pore Diameter (Mode)
method pore Diameter (Mode)

NLDFT pore Diameter (Mode)

3.172e+00
3.411e+00
3.172e+00
3.411e+00
1.486e+00
1.360e+00
3.675e-01
3.568e-01
1.167e+00

Liquid Density: ©.808 g/cc

m*/g
m?/g
m*/g
m*/g
m?/g
m*/g
m2/g
m*/g
m*/g
m*/g

cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
cc/g
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Analysis Report
Operator:Nano Date:2020/03/11 Operator:Nano Date:3/14/2020
Sample ID: 4 Filename: C:\QCdata\Physisorb\SD_A4.qps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©0.1137 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/248 sec (ads/des)
Analysis Time: 535.5 min End of run: 2020/063/11 20:24:43 Instrument: Nova Station B
Cell ID: %} F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below 0.35 P/Po
Adsorbate Nitrogen Temperature 77.3506K
Molec. Wt.: 28.013 g Cross Section: 16.200 Az Liquid Density: ©.808 g/cc
Contact Angle: ©.8 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1646 6.9129e-04 8.7379e-01 2.4934e-03 3.1516e+00@ 1.8157e-02 2.2950e+01
3.4106 1.6372e-03 1.9832e+00 4.4056e-03 5.1670e+00 3.4586e-02 4.0564e+01
3.6795 2.6565e-03 3.0912e+00 3.1536e-03 3.4282e+00 2.6701e-02 2.9027e+01
3.9854 3.0400e-03 3.4762e+00 1.3294e-03 1.3342e+00 1.2194e-02 1.2239%e+01
4.2556 3.3237e-03 3.7428e+00 1.1257e-03 1.0581e+00 1.1027e-02 1.0365e+01
4.6333 3.3237e-03 3.7428e+00 0.0000e+00 0.0000e+00 ©.0000e+00 0.0000e+00
5.0423 3.5821e-03 3.9478e+00 8.2056e-04 6.5094e-01 9.5239e-083 7.5552e+00
5.5567 3.5821e-03 3.9478e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
6.2083 3.5821e-03 3.9478e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
6.8238 3.5821e-03 3.9478e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
7.5248 4.0831e-03 4.2141e+00 6.5925e-04 3.5044e-01 1.1413e-02 6.0668e+00
8.6366 4.0831e-03 4.2141e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
10.0834 4.0831e-03 4.2141e+00 ©.0000e+00 0.0000e+00 ©.0000e+00 ©.0000e+00
11.6329 4.4496e-03 4.3401e+00 2.1957e-04 7.5499%e-02 5.8712e-03 2.0188e+00
14.1090 4.4496e-03 4.3401e+00 ©.0000e+00 0.0000e+00 ©.0000e+00 ©.0000e+00
17.0984 4.5631e-03 4.3667e+00 4.2117e-05 9.8529%e-03 1.6547e-03 3.8711e-01
19.1930 5.1866e-03 4.4966e+00 4.1742¢-04 8.6994e-02 1.8438e-02 3.8426e+00
26.1579 5.3869e-03 4.5273e+00 1.6105e-05 2.4628e-03 9.5148e-04 1.4550e-01
46.5242 6.7066e-03 4.6407e+00 4.6641e-05 4.0100e-03 4.8384e-03 4.1599e-01
91.5143 8.2705e-03 4.7091e+00 2.5352e-05 1.1081e-03 5.1334e-03 2.2438e-01
135.8528 9.1680e-03 4.7355e+00 3.3249e-05 9.7898e-04 1.0366e-02 3.0523e-01

BJH desorption summary

Surface Area = 4.736 m?2/g
Pore Volume = 0.009 cc/g
Pore Diameter Dv(d) = 3.411 nm
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Analysis Report
Operator:Nano Date:2020/03/11 Operator:Nano Date:3/14/2020
Sample ID: 4 Filename: C:\QCdata\Physisorb\SD_A4.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1137 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance:0.100/0.1008 (ads/des)Equil time: 60/68 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 535.5 min End of run: 2020/03/11 20:24:43 Instrument: Nova Station B
Cell ID: ] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77 .356K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: 0.808 g/cc
Contact Angle: 0.8 degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1646 6.9129e-04 8.7379%-01 2.4934e-03 3.1516e+00 1.8157e-02 2.2950e+01
3.4106 1.6372e-03 1.9832e+00 4.4056e-03 5.1670e+00 3.4586e-02 4.0564e+01
3.6795 2.6565e-03 3.0912e+00 3.1536e-03 3.4282e+00 2.6701e-02 2.9027e+01
3.9854 3.0400e-03 3.4762e+00 1.3294e-03 1.3342e+00 1.2194e-02 1.2239%e+01
4.2556 3.3237e-03 3.7428e+00 1.1257e-03 1.0581e+00 1.1027e-02 1.08365e+01
4.6333 3.3237e-03 3.7428e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
5.0423 3.5821e-03 3.9478e+00 8.2056e-04 6.5094e-01 9.5239%e-03 7.5552e+00
5.5567 3.5821e-03 3.9478e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
6.2083 3.5821e-03 3.9478e+00 ©.0000e+00 ©.0000e+00 0.00000+00 0.0000e+00
6.8238 3.5821e-03 3.9478e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.00002+00
7.5248 4.0831e-03 4.2141e+00 6.5925e-04 3.5044e-01 1.1413e-02 6.0668e+00
8.6366 4.0831e-03 4.2141e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
10.0834 4.0831e-03 4.2141e+00 ©.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
11.6329 4.4496e-03 4.3401e+00 2.1957e-04 7.5499%-02 5.8712e-03 2.0188e+00
14.1090@ 4.4496e-03 4.3401e+00 0.0000e+00 0.0000e+00 0.0000e+00 0.0000e+00
17.0984 4.5631e-03 4.3667e+00 4.2117e-05 9.8529%¢e-03 1.6547e-03 3.8711e-01
19.193@ 5.1866e-03 4.4966e+00 4.1742e-04 8.6994e-02 1.8438e-02 3.8426e+00
26.1579 5.3869e-03 4.5273e+00 1.6105e-085 2.4628e-03 9.5148e-04 1.4550e-01
46.5242 6.7066e-03 4.6407e+00 4.6641e-05 4.0100e-03 4.8384e-03 4.1599%e-01
91.5143 8.2705e-03 4.7091e+00 2.5352e-05 1.1081e-03 5.1334e-03 2.2438e-01
135.8528 9.1680e-03 4.7355e+00 3.3249e-05 9.7898e-04 1.0366e-02 3.08523e-01

BJH desorption summary

Surface Area = 4.736 m2/g
Pore Volume = 0.009 cc/g
Pore Diameter Dv(d) = 3.411 nm
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Nanomaterials for energy and catalysis (NEC)
National Nanotechnology Center (NANOTEC)
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Analysis

Operator:Nano Date:2020/03/11

Sample ID: 4 Filename:
Sample Desc: Comment:
Sample weight: ©.1137 g Sample Volume:
Outgas Time: 3.0 hrs OutgasTemp:
Analysis gas: Nitrogen Bath Temp:

Press. Tolerance:0.100/0.100 (ads/des)Equil time:

Report

Operator:Nano
C:\QCdata\Physisorb\SD_A4.qps
70 points Ads 39 pts - Des 31 pts - BET 11 points

@ cc

300.0 C

73K

60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)

Date:3/14/20620

Analysis Time: 535.5 min End of run: 2020/03/11 20:24:43 Instrument: Nova Station B
Cell ID: e F/W version: 0.00
Adsorbate Nitrogen Temperature 77.356K

Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc

Surface Area Data

MultiPoint BET

Langmuir surface area

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

t-method micropore surface area

DR method micropore area

NLDFT cumulative surface area

4.324e+02
6.909e+02
4.348e+00
4.736e+00
4.612e+00
4.978e+00
5.649e+00
4.267e+02
6.693e+02
7.027e+02

m?/g
m*/g
m*/g
m*/g
m*/g
m*/g
m*/g
m*/g
m*/g
m*/g

Pore Volume Data

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 micropore volume

DR method micropore volume

HK method cumulative pore volume

SF method cumulative pore volume

NLDFT method cumulative pore volume

7.914e-03
9.168e-03
7.912e-03
9.0877e-03
2.383e-061
2.378e-01
2.368e-01
2.376e-01
2.336e-01

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

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d))
BJH method desorption pore Diameter (Mode Dv(d))
DH method adsorption pore Diameter (Mode Dv(d))
DH method desorption pore Diameter (Mode Dv(d))
DR method micropore Pore width

DA method pore Diameter (Mode)

HK method pore Diameter (Mode)

SF method pore Diameter (Mode)

NLDFT pore Diameter (Mode)

3.455e+00
3.411e+00
3.455e+00
3.411e+00
1.127e+00
1.226e+00
3.675e-01
3.508e-01
1.884e+00

nm
nm
nm
nm
nm
nm
nm
nm
nm
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Analysis Report
Operator:Nano Date:2020/03/12 Operator:Nano Date:3/14/2020
Sample ID: 7 Filename: C:\QCdata\Physisorb\SD_B1.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1125 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: MNitrogen Bath Temp: .3 K
Press. Tolerance:9.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 641.2 min End of run: 2020/03/12 2:43:26 Instrument: Nova Station A
Cell ID: (%] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: ©.@ degreesSurf. Tension: 8.85@0 erg/cm?
Diameter Pore Volume Pore Surf dv(d) dS(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1838 3.2057e-03 4.0275e+00 1.8474e-02 2.3211e+01 1.3540e-01 1.7011e+02
3.4238 8.9418e-03 1.0729e+01 1.8713e-02 2.1862e+01 1.4742e-01 1.7223e+02
3.7091 1.2177e-02 1.4218e+01 1.2256e-02 1.3217e+01 1.0462e-01 1.1283e+02
3.9931 1.4231e-02 1.6275e+01 6.7518e-03 6.7634e+00 6.2050e-02 6.2156e+01
4.3157 1.5241e-02 1.7211e+01 2.9624e-03 2.7457e+00 2.9423e-082 2.7270e+01
4.6769 1.6037e-02 1.7893e+01 2.0878e-03 1.7856e+00 2.2471e-02 1.9219e+01
5.0402 1.6463e-02 1.8231e+01 1.2350e-03 9.8011e-01 1.4327e-02 1.1370e+01
5.5566 1.7198e-02 1.8759e+01 1.0677e-03 7.6862e-01 1.3644e-02 9.8216e+00
6.2065 1.7520e-02 1.8967e+01 5.2725e-04 3.3981e-01 7.5288e-03 4.8523e+00
6.8883 1.7853e-02 1.9160e+01 4.4199%e-04 2.5666e-01 7.0033e-03 4.0668e+00
7.7158 1.8037e-02 1.9256e+01 2.039%4e-04 1.0572e-01 3.6191e-03 1.8762e+00
8.6940 1.8170e-02 1.9317e+01 1.2675e-04 5.8316e-02 2.5343e-03 1.1660e+00
9.7828 1.8279e-02 1.9362e+01 9.6825e-05 3.9590e-02 2.1787e-03 8.9081e-01
11.7744 1.8696e-02 1.9503e+01 1.4572e-04 4.9505e-02 3.9313e-03 1.3355e+00
14.7988 1.9188e-02 1.9636e+01 1.5440e-04 4.1732e-02 5.2407e-03 1.4165e+00
17.1318 1.9486e-02 1.9706e+01 2.0178e-04 4.7112e-02 7.9547e-03 1.8573e+00
19.7203 2.0061e-02 1.9822e+01 1.5523e-04 3.1487e-02 7.0280e-03 1.4255e+00
25.3745 2.0883e-02 1.9952e+01 1.0811e-04 1.7042e-02 6.2689e-03 9.8823e-01
45.1702 2.2627e-02 2.0107e+01 5.4517e-05 4.8277e-03 5.4248e-03 4.803%e-01
92.8149 2.4224e-02 2.0175e+01 2.5231e-05 1.0874e-03 5.1762e-03 2.2308e-01
140.5285 2.4254e-02 2.0176e+01 9.4092e-07 2.6782e-05 3.0313e-04 8.6284e-03

BJH desorption summary

Surface Area = 20.176 m2/g
Pore Volume = 0.024 cc/g
Pore Diameter Dv(d) = 3.424 nm
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Analysis Report
Operator:Nano Date:2020/03/12 Operator:Nano Date:3/14/2020
Sample ID: 7 Filename: C:\QCdata\Physisorb\SD_B1.qgps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1125 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: MNitrogen Bath Temp: .3 K
Press. Tolerance:9.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 641.2 min End of run: 2020/03/12 2:43:26 Instrument: Nova Station A
Cell ID: (%] F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: ©.@ degreesSurf. Tension: 8.85@0 erg/cm?
Diameter Pore Volume Pore Surf dv(d) dS(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1838 3.2057e-03 4.0275e+00 1.8474e-02 2.3211e+01 1.3540e-01 1.7011e+02
3.4238 8.9418e-03 1.0729e+01 1.8713e-02 2.1862e+01 1.4742e-01 1.7223e+02
3.7091 1.2177e-02 1.4218e+01 1.2256e-02 1.3217e+01 1.0462e-01 1.1283e+02
3.9931 1.4231e-02 1.6275e+01 6.7518e-03 6.7634e+00 6.2050e-02 6.2156e+01
4.3157 1.5241e-02 1.7211e+01 2.9624e-03 2.7457e+00 2.9423e-082 2.7270e+01
4.6769 1.6037e-02 1.7893e+01 2.0878e-03 1.7856e+00 2.2471e-02 1.9219e+01
5.0402 1.6463e-02 1.8231e+01 1.2350e-03 9.8011e-01 1.4327e-02 1.1370e+01
5.5566 1.7198e-02 1.8759e+01 1.0677e-03 7.6862e-01 1.3644e-02 9.8216e+00
6.2065 1.7520e-02 1.8967e+01 5.2725e-04 3.3981e-01 7.5288e-03 4.8523e+00
6.8883 1.7853e-02 1.9160e+01 4.4199%e-04 2.5666e-01 7.0033e-03 4.0668e+00
7.7158 1.8037e-02 1.9256e+01 2.039%4e-04 1.0572e-01 3.6191e-03 1.8762e+00
8.6940 1.8170e-02 1.9317e+01 1.2675e-04 5.8316e-02 2.5343e-03 1.1660e+00
9.7828 1.8279e-02 1.9362e+01 9.6825e-05 3.9590e-02 2.1787e-03 8.9081e-01
11.7744 1.8696e-02 1.9503e+01 1.4572e-04 4.9505e-02 3.9313e-03 1.3355e+00
14.7988 1.9188e-02 1.9636e+01 1.5440e-04 4.1732e-02 5.2407e-03 1.4165e+00
17.1318 1.9486e-02 1.9706e+01 2.0178e-04 4.7112e-02 7.9547e-03 1.8573e+00
19.7203 2.0061e-02 1.9822e+01 1.5523e-04 3.1487e-02 7.0280e-03 1.4255e+00
25.3745 2.0883e-02 1.9952e+01 1.0811e-04 1.7042e-02 6.2689e-03 9.8823e-01
45.1702 2.2627e-02 2.0107e+01 5.4517e-05 4.8277e-03 5.4248e-03 4.803%e-01
92.8149 2.4224e-02 2.0175e+01 2.5231e-05 1.0874e-03 5.1762e-03 2.2308e-01
140.5285 2.4254e-02 2.0176e+01 9.4092e-07 2.6782e-05 3.0313e-04 8.6284e-03

BJH desorption summary

Surface Area = 20.176 m2/g
Pore Volume = 0.024 cc/g
Pore Diameter Dv(d) = 3.424 nm
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Analysis Report

Operator:Nano Date:2020/@3/12 Operator:Nano Date:3/14/2020
Sample ID: 7 Filename: C:\QCdata\Physisorb\SD_B1.gps

Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.1125 g Sample Volume: @ cc

Outgas Time: 3.0 hrs OutgasTemp: 3e0.8 C

Analysis gas: Nitrogen Bath Temp: 27.3 'K

Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 641.2 min End of run: 2020/03/12 2:43:26 Instrument:

Cell ID: e F/W version: .00

Adsorbate Nitrogen Temperature 77.35eK

Molec. Wt.: 28.013 g  Cross Section: 16.200 A2

Surface Area Data

MultiPoint BET

Langmuir surface area

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

t-method micropore surface area

DR method micropore area

NLDFT cumulative surface area

1.671e+03
1.714e+03
1.783e+01
2.018e+01
1.742e+01
2.056e+01
2.440e+01
1.646e+03
1.581e+03
1.427e+63

Pore Volume Data

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 micropore volume

DR method micropore volume

HK method cumulative pore volume

SF method cumulative pore volume

NLDFT method cumulative pore volume

1.953e-02
2.425e-02
1.917e-02
2.374e-02
5.729e-01
5.619e-061
5.645e-01
5.685e-01
5.747e-01

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d))
BJH method desorption pore Diameter (Mode Dv(d))
DH method adsorption pore Diameter (Mode Dv(d))
DH method desorption pore Diameter (Mode Dv(d))
DR method micropore Pore width

DA method pore Diameter (Mode)

HK method pore Diameter (Mode)

SF method pore Diameter (Mode)

NLDFT pore Diameter (Mode)

3.138e+00
3.424e+00
3.138e+00
3.424e+00
1.604e+00
1.346e+060
3.675e-01
3.508e-01
1.167e+60

Liquid Density: ©.808 g/cc

m2/g
m*/g
m*/g
m?/g
m*/g
m*/g
m3/g
m*/g
m?/g
m?/g

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

nm
nm
nm
nm
nm
nm
nm
nm
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Analysis Report
Operator:Nano Date:2020/03/11 Operator:Nano Date:3/14/2020
Sample ID: 5 Filename: C:\QCdata\Physisorb\SD_S1.qps
Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.0937 g Sample Volume: @ cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0 C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 545.2 min End of run: 2020/03/11 9:12:06 Instrument: Nova Station A
Cell ID: 5} F/W version: 0.00
t-Method Calc. method: de Boer
BJH/DH method Moving pt. avg.: off Ignoring P-tags below ©.35 P/Po
Adsorbate Nitrogen Temperature 77.350K
Molec. Wt.: 28.013 g Cross Section: 16.200 A2 Liquid Density: ©.808 g/cc
Contact Angle: ©.@ degreesSurf. Tension: 8.850 erg/cm?
Diameter Pore Volume Pore Surf dv(d) ds(d) dV(logd) dS(logd)
Area
nm cc/g m2/g cc/nm/g m2/nm/g cc/g cc/g
3.1909 1.3430e-02 1.6836e+01 5.3883e-02 6.7547e+01 3.9569e-01 4.9603e+02
3.4405 3.5759%¢e-02 4.2795e+01 8.9320e-02 1.06385e+02 7.0728e-01 8.2231e+02
3.7086 5.7622e-02 6.6377e+01 7.6371e-02 8.2372e+01 6.5184e-01 7.0306e+02
3.9733 6.2418e-02 7.1205e+01 1.9728e-02 1.9861e+01 1.8044e-01 1.8165e+02
4.2909 6.6027e-02 7.4569e+01 9.2015e-03 8.5776e+00 9.0849e-02 8.4690e+01
4.6353 6.8460e-02 7.666%e+01 8.2017e-03 7.0776e+00 8.7509¢e-02 7.5515e+01
5.0790 7.1890e-02 7.9370e+01 5.8085e-03 4.5746e+00 6.7853e-02 5.3438e+01
5.6125 7.3969e-02 8.0852e+01 4.3628e-03 3.1093e+00 5.6347e-02 4.0158e+01
6.0881 7.6140e-02 8.2278e+01 4.5748e-03 3.0058e+00 6.4099%¢-02 4.2114e+01
6.8032 7.8461e-02 8.3643e+01 2.4283e-03 1.4278e+00 3.7977e-02 2.2329e+01
7.6272 8.0234e-02 8.4573e+01 2.5614e-03 1.3433e+00 4.4953e-02 2.3575e+01
8.6453 8.2208e-02 8.5486e+01 1.4690e-03 6.7966e-01 2.9183e-02 1.3502e+01
9.8177 8.3538e-02 8.6028e+01 1.3285e-03 5.4128e-01 3.0007e-02 1.2226e+01
11.7288 8.5346e-02 8.6644e+01 6.4068e-04 2.1850e-01 1.7219e-02 5.8723e+00
14.4338 8.6518e-02 8.6969e+01 4.5273e-04 1.2546e-01 1.5006e-02 4.1586e+00
16.9552 8.7797e-02 8.7271e+01 5.212%e-04 1.2298e-01 2.0316e-02 4.7929e+00
20.0342 8.9427e-02 8.7596e+01 4.4009%e-04 8.7868e-02 2.0244e-02 4.0418e+00
25.4983 9.1930e-02 8.7989%e+01 3.4651e-04 5.4359%e-02 2.0208e-02 3.1700e+00
45.9999 9.7533e-02 8.8476e+01 1.6587e-04 1.4423e-02 1.6748e-02 1.4564e+00
94.1532 1.0157e-01 8.8648e+01 6.4606e-05 2.7447e-03 1.3475e-02 5.7249%e-01
136.9126 1.0181e-01 8.8655e+01 1.0469e-05 3.0587e-04 3.2927e-03 9.6198e-02

BJH desorption summary

Surface Area = 88.655 m2/g
Pore Volume = 0.102 cc/g
Pore Diameter Dv(d) = 3.440 nm
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Analysis
Operator:Nano
Sample ID: 5
Sample Desc:

Sample weight: 0.0937 g
Outgas Time: 3.0 hrs
Analysis gas: Nitrogen

Date:2020/03/11
Filename:
Comment:
Sample Volume
OutgasTemp:
Bath Temp:

Press. Tolerance:0.100/0.100 (ads/des)Equil time:

Analysis Time: 545.2 min

Cell ID: 4]
t-Method Calc.

BJH/DH method Moving pt. avg.: off

End of run:

method: de Boer

Report
Operator

:Nano

Date:3/14/2020

C:\QCdata\Physisorb\SD_S1.qgps
s Ads 39 pts - Des 31 pts - BET 11 points

70 point
0 cc
300.0 C
77.3 K

78

60/60 sec (ads/des) Equil timeout: 240/240 sec (ads/des)

2020/03/11 9:12:06 Instrument:
F/W version:

356K

Ignoring P-tags below ©.35 P/Po

ds(d)

m2/nm/g

.7547e+01
.0385e+02
.2372e+01
.9861e+01
.5776e+00
.0776e+00
.5746e+00
.1093e+00
.0058e+00
.4278e+00

3433e+00

.7966e-01
.4128e-01
.1850e-01
.2546e-01
.2298e-01
.7868e-02
.4359e-02
.4423e-02
.7447e-03

Adsorbate Nitrogen Temperature Tl
Molec. Wt.: 28.013 g Cross Section: 16.200 A2
Contact Angle: 0.0 degreesSurf. Tension: 8.85@ erg/cm?
Diameter Pore Volume Pore Surf dv(d)
Area

nm cc/g m2/g cc/nm/g
3.1909 1.3430e-082 1.6836e+01 5.3883e-02
3.4405 3.5759%-02 4.2795e+01 8.9320e-02
3.7086 5.7622e-02 6.6377e+01 7.6371e-02
39733 6.2418e-02 7.1205e+01 1.9728e-02
4.2909 6.6027e-02 7.4569e+01 9.2015e-03
4.6353 6.8460e-02 7.6669e+01 8.2017e-03
5.0790 7.1890e-02 7.9370e+01 5.8085e-03
5.6125 7.3969e-02 8.0852e+01 4.3628e-03
6.0881 7.6140e-02 8.2278e+01 4.5748e-03
6.8032 7.8461e-02 8.3643e+01 2.4283e-03
7.6272 8.0234e-02 8.4573e+01 2.5614e-03
8.6453 8.2208e-02 8.5486e+01 1.4690e-03
9.8177 8.3538e-02 8.6028e+01 1.3285e-03
11.7288 8.5346e-02 8.6644e+01 6.4068e-04
14.4338 8.6518e-02 8.696%e+01 4.5273e-04
16.9552 8.7797e-02 8.7271e+01 5.2129e-04
20.0342 8.9427e-02 8.7596e+01 4.4009%e-04
25.4983 9.1930e-02 8.7989%e+01 3.4651e-04
45.9999 9.7533e-02 8.8476e+01 1.6587e-04
94.1532 1.0157e-01 8.8648e+01 6.4606e-05
136.9126 1.0181e-01 8.8655e+01 1.0469e-05

6
1
8
1
8
7
4
3
3
A
1.
6
5
2
1
1
8
5
1
2
3

.8587e-04

BJH desorption summary

Surface Area
Pore Volume
Pore Diameter Dv(d)

88.655 m2/g
0.102 cc/g
3.440 nm

dV(logd)

cc/g

WRERRERPNNNRPRWNEREWOUVOONWOEREONW

.9569e-01
.0728e-01
.5184e-01
.8044e-01
.0849e-02
.7509e-02
.7853e-02
.6347e-02
.4099%e-02
.7977e-02
.4953e-02
.9183e-02
.0007e-02
.7219e-02
.5006e-02
.0316e-02
.0244e-02
.0208e-02
.6748e-02
.3475e-02
.2927e-03

00

Nova Station A
0.

Liquid Density: ©.808 g/cc

ds(logd)

cc/g

OCUVREWERBREUVEENNEGREUVNO®OEN A

.9603e+02
.2231e+02
.0306e+02

8165e+02
4690e+01
5515e+01
3438e+01
0158e+01
2114e+01
2329e+01
3575e+01
3502e+01
2226e+01
8723e+00
1586e+00
7929e+00
0418e+00
1700e+00
4564e+00

.724%e-01
.6198e-02



| S1 Summary.txt - Notepad
File Edit Format View Help

Nanomaterials for energy and catalysis (NEC)
National Nanotechnology Center (NANOTEC)
National Science and Technology Development Agency (NSTDA)
Quantachrome Novallin ?1994-2018, Quantachrome Instruments v11.0

Nova Station A

79

Analysis Report

Operator:Nano Date:2020/03/11 Operator:Nano Date:3/14/2020
Sample ID: 5 Filename: C:\QCdata\Physisorb\SD_S1.qps

Sample Desc: Comment: 70 points Ads 39 pts - Des 31 pts - BET 11 points
Sample weight: ©.8937 g Sample Volume: @ cc

Outgas Time: 3.0 hrs OutgasTemp: 300.0 C

Analysis gas: Nitrogen Bath Temp: 2R 3K

Press. Tolerance:0.100/0.100 (ads/des)Equil time: 60/6@ sec (ads/des) Equil timeout: 240/240 sec (ads/des)
Analysis Time: 545.2 min End of run: 2020/03/11 9:12:86 Instrument:

Cell ID: 2] F/W version: ©.00

Adsorbate Nitrogen Temperature 77.356K

Molec. Wt.: 28.013 g Cross Section: 16.200 A2

Surface Area Data

MultiPoint BET

Langmuir surface area

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

t-method micropore surface area

DR method micropore area

NLDFT cumulative surface area

1.133e+03
1.867e+03
7.582e+01
8.866e+01
7.731e+01
9.035e+01
7.249e+01
1.061e+03
1.597e+03
1.395e+03

Pore Volume Data

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 micropore volume

DR method micropore volume

HK method cumulative pore volume

SF method cumulative pore volume

NLDFT method cumulative pore volume

9.336e-02
1.018e-01
9.149e-02
9.969e-02
5.812e-01
5.675e-01
5.743e-01
5.860e-01
6.499e-01

Pore Size Data

BJH method adsorption pore Diameter (Mode Dv(d))
BJH method desorption pore Diameter (Mode Dv(d))
DH method adsorption pore Diameter (Mode Dv(d))
DH method desorption pore Diameter (Mode Dv(d))
DR method micropore Pore width

DA method pore Diameter (Mode)

HK method pore Diameter (Mode)

SF method pore Diameter (Mode)

NLDFT pore Diameter (Mode)

3.140e+00
3.440e+00
3.140e+00
3.440e+00
1.722e+00
1.400e+00
3.675e-01
3.508e-01
1.220e+00

Liquid Density: ©.888 g/cc

m/g
m*/g
m*/g
m2/g
m?/g
m/g
m*/g
m2/g
m*/g
m2/g

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

nm
nm
nm
nm
nm
nm
nm
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- Chemical Analysis: Determination of carboxylic and sugar

- Sample Preparation: Preparation raw sugar using acid for analysis by IC

[

ANUNDDALNELNS

International Journal

1. W. Suksom, W. Wannachai, S. Boonchiangma, S. chanthai, S. Srijaranai, lon

Chromatograohic Analysis of Monosaccharides and Disaccharides in Raw Sugar.

Chromatographia, Springer (2015).

International and National Conferences

1. W.

exchange chromatography for Determination of carboxylic acids in cane juice and raw

Suksom, W. Wannachai, S. Chanthai, S. Srijaranai, W. Sangkawisit, Anion

81

sugar, The 4" Annual Symposium on TRF Senior Research Scholar; 2005, September

19, Chiang Mai University Chiang Mai,Thailand

2. W. Wannachai, S. Srijaranai, S. Chanthai, W. Sangkawisit, W. Suksom, Determination

of carboxylic acid in cane juice and raw sugar, The 31st Congress of Science and

Technology of Thailand; 2005, October 18-20; Technopolis, Suranaree University of

Technology, Nakhon Ratchasima, Thailand
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3. W. Suksom, S. Srijaranai, S. Chanthai, W. Sangkawisit, Analysis of sugar in raw sugar

using acid hydrolysis and ion Chromatography, The 5 Annual Symposium on TRF

Senior Research Scholar; 2006, August 12, Chiang Mai University Chiang Mai, Thailand

4. W. Suksom, S. Srijaranai, S. Chanthai, W. Sangkawisit, Sample preparation and

analysis of sugar in raw sugar, The 32" Congress of Science and Technology of

Thailand; 2006, October 10-12; Queen sirikit national convention center (QSNCQC),
Bangkok, Thailand

5. W. Suksom, S. Srijaranai, S. Chanthai, Sample preparation and analysis of sugar in

raw sugar, The gth Symposium on Graduate Research, KKU; 2007, January; Graduate

School Khon Kaen University, Khon Kaen, Thailand
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- Porous Materials: Development of carbon cryogel beads and ordered mesoporous

carbon
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- Wastewater Treatment: Adsorption, Ozonation process, Advanced catalytical
process

- Particle Technology and Material Processing: Development of cathode materials
for SOFC

[

NAIUI T NAUND DN LNS

International Journal

2. W. Tanthapanichakoon, J. Chaichanawong, S. Ratchahat, Review of nanomaterials
R&D in 21° century in Thailand with highlight on nanoparticle technology.
Advanced Powder Technology 25 (2014) 189-194.

3. J. Chaichanawong, K. Kongcharoen, S. Areerat, Preparation of carbon aerogel
microspheres by a simple-injection emulsification method. Advanced Powder
Technology. 24 (2013) 891-896.

4. J. Chaichanawong, T. Yamamoto, T. Ohmori, A. Endo, Adsorptive desulfurization
of bioethanol using activated carbon loaded with zinc oxide, Chemical
Engineering Journal 165 (2010) 218-224.

5. J. Chaichanawong, T. Yamamoto, T. Ohmori, Enhancement effect of carbon
adsorbent on ozonation of aqueous phenol, Journal of Hazardous Materials 175
(2010) 673-679.

6. J. Chaichanawong, T. Yamamoto, S.-I. Kim, T. Ohmori, Preparation and
characterization of nickel-modified carbon cryogel beads with uniform particle
size, Journal of Non-Crystalline Solids 355 (2009) 1605-1612.

7. J. Chaichanawong, T. Yamamoto, S. Kataoka, A. Endo, T. Ohmori, Synthesis of
monodisperse carbonaceous beads with ordered mesoporous structure, Carbon
47[3] (2009) 929-932.

8. T. Yamamoto, S.-I. Kim, J. Chaichanawong, A. Eiad-ua, T. Ohmori, Removal of
aqueous organic pollutants by adsorption-catalytic process using mesoporous
carbon beads loaded with metal oxides, Applied Catalysis B: Environmental 88
[3-4] (2009) 455-461.

9. J. Chaichanawong, K. Sato, H. Abe, M. Naito, T. Charinpanitkul, W.

Tanthapanichakoon, Influence of water content of starting powder mixture on
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the mechanochemical synthesis of strontium doped lanthanum manganite,

Ceramic Transactions 198 (2007) 199-204.
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1.

International and National Conferences

J. Chaichanawong, T. Jarurojpeera, N. Neoykiew, M. Fakkao, Production of activated
carbon from tamarind seeds by pyrolysis and chemical activation, The 2™ Joint
Conference on Renewable Energy and Nanotechnology (JCREN 2013), November 25-
26, 2013, Higashi-Hiroshima, Japan.

M. Channirutti, J. Chaichanawong, A. Eiad-ua, Synthesis of carbon-based materials by
hydrothermal carbonization of banana petioles, The 2" Joint Conference on
Renewable Energy and Nanotechnology (JCREN 2013), November 25-26, 2013, Higashi-
Hiroshima, Japan.

J. Chaichanawong, K. Kongcharoen, S. Areerat, Preparation of carbon aerogel
microspheres by emulsification method. The 4™ International Conference on the
Characterization and Control of Interfaces for High Quality Advanced Materials (ICCCI
2012), September 2-5, 2012, Kurashiki, Okayama, Japan.

W. Tanthapanichakoon, J. Chaichanawong, Thai environmental issues, corporate
social responsibility and unexpected severe constitution-induced impact, The 8%
Asia Pacific Conference on Sustainable Energy & Environmental Technologies
(APCSEET 2011), Adelaide, Australia, 10-13 July 2011.

R. Sutthisong, A. Amtip, P. Phano-phat, D. Kaewdook, W. Wongsuwan, J.
Chaichanawong, N. Limjeerajarus, Improvement of a runner for high torque and
power at mid-range engine speeds, The 7" International Conference on
Automotive Engineering (ICAE-7), Bangkok, Thailand, March 29, 2011.

A. Amtip, R. Sutthisong, P. Phano-phat, D. Kaewdook, S. Tamna, W. Wongsuwan, J.
Chaichanawong, N. Limjeerajarus, Improvement of a throttle enhancing engine
performance of FSAE racing cars, The 7" International Conference on Automotive
Engineering (ICAE-7), Bangkok, Thailand, March 29, 2011.

R. Sutthisong, A. Amtip, P. Phano-phat, D. Kaewdook, W. Wongsuwan, J.

Chaichanawong, N. Limjeerajarus, Optimization of runner length for high torque
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11.

12.

13.

14.
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and power at mid-range engine speeds, 2010 JSAE KANTO International Conference
of Automotive Technology for Young Engineers (ICATYE), Yokohama, Kanagawa,
Japan, March 9, 2011.

A. Amtip, R. Sutthisong, P. Phano-phat, D. Kaewdook, S. Tamna, W. Wongsuwan, J.
Chaichanawong, N. Limjeerajarus, Performance enhancement of FSAE racing cars
by improving a throttle valve, 2010 JSAE KANTO International Conference of
Automotive Technology for Young Engineers (ICATYE), Yokohama, Kanagawa, Japan,
March 9, 2011.

W. Tanthapanichakoon, J. Chaichanawong, State-of-the-art environmental
problemes, issues, and laws in Thailand, Chun-Nam Environmental Technology
Development Center, Hoseo University, Chunnam, Korea, November 2010.

T. Yamamoto, J. Chaichanawong, N. Thongprachan, T. Ohmori, A. Endo,
Adsorptive desulfurization of light olefin derived from bio-ethanol, The 10"
International Conference on Fundamentals of Adsorption (FOA10), Awaji, Hyogo,
Japan, May 23-28, 2010.

J. Chaichanawong, T. Yamamoto, K. Kuroda, K.-I. Sotowa, T. Ohmori, Process
intensification in water treatment using ultrasound and nanoporous silica,
International Workshop on Process Intensification 2008 (IWPI 2008), Tokyo, Japan,
November 15-18, 2008.

J. Chaichanawong, T. Yamamoto, S. Kataoka, A. Endo, T. Ohmori, Wastewater
treatment by simultaneous use of ozone and surface modified carbon gel beads,
The 8™ Green & Sustainable Chemistry Symposium (GSC Symposium 2008),
Tokyo, Japan, March 6-7, 2008.

J. Chaichanawong, K. Sato, H. Abe, K. Murata, T. Fukui, T. Charinpanitkul, W.
Tanthapanichakoon, M. Naito, Microstructural control of LSM/YSZ composite
cathode for lower temperature operation of SOFC, The 2" International
Conference on Nano/Micro Engineered Molecular System (IEEE-NEMS 2007),
Bangkok, Thailand, January 16-19, 2007.

J. Chaichanawong, K. Sato, H. Abe, T. Charinpanitkul, W. Tanthapanichakoon, M.
Naito, Influence of water content of starting powder mixture on the
mechanochemical synthesis of strontium doped lanthanum manganite, The 2™
International Conference on the Characterization and Control of Interfaces (ICCCI

2006), Kurashiki, Japan, September 6-9, 2006.
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Books and International Reports

1.

B. Rojarayanont, N. Limjeerajarus, W. Wongsuwan, J. Chaichanawong, “A Study
on Smart Grid Initiative and Consumers’ Perceptions in Thailand”, New Energy
and Industrial Technology development Organization (NEDO), March 2013.

B. Rojarayanont, N. Limjeerajarus, W. Wongsuwan, J. Chaichanawong, W. San-Um,
“A Survey Research on Current Research and Development Situation and Market
Potential of Human-Assistance Robots in Thailand”, New Energy and Industrial
Technology development Organization (NEDO), March 2012.

P. Bhandhubanyong, L. Vongsarnpigoon, S. Bunyawanichkul, W. Nerdnoi, W.
Wongsuwan, N. Limjeerajarus, J. Chaichanawong, P. Pongchairerks, “Handbook of
Plain Bearings”, Japanese Plain Bearing Standard Association (PBSA) and
Technology Promotion Association (Thailand-Japan), Bangkok, Thailand, October
2011.
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Abstract: The propose of this study was to prepare and characterize the activated carbon from wild
almond (Irvingia malayana) shells by pyrolysis. The properties of wild almond which was used as
raw material were determined by proximate analysis and ultimate analysis. It was found that fixed
carbon, volatile matters, ash and moisture contents in the wind almond were, respectively, 17.47%,
72.13%, 8.7% and 1.70%. While, the amount of C, H, O, and N in the wild almond were, respectively,
44.66%, 6.33%, 0.04% and 45.49%. It is confirmed that the wild almond has a potential to use as raw
material for preparation of activated carbon. Thermogravimetric analysis (TGA) of the wild almond
was also conducted to determine the proper range of pyrolysis temperature. The pyrolysis was
conducted under nitrogen gas atmosphere at 700 °C and 800 °C. Pyrolysis time was fixed at 120 min
and flow rate of carrier gas was fixed at 0.9 1/min. Porous properties of the prepared activated
carbons were characterized by nitrogen adsorption method. The prepared activated carbons were
also characterized by Scanning Electron Microscopy (SEM) and Fourier-transform Infrared
Spectroscopy (FTIR). The results showed that the BET surface area (SBET), micropore volume
(Vmic) and mesopore volume (Vmes) of prepared activated carbon increased with increasing the
pyrolysis temperature. Moreover, the adsorption efficiency of activated carbon from wild almond
was experienced. The activated carbon at 800 °C has more absorption efficiency on butane activity
than activated carbon at 700 °C. In addition, chemical activation was performed to increase surface
arca and porosity. It was found that the optimum conditions for the preparation of activated carbon
when using ZnCl: as activating agent at temperature 800 °C.

Keywords: Activated carbon, wild almond, nitrogen gas atmosphere.

1. Introduction

Activated carbon is a product which made from natural material or organic matter which has
carbon and hydrogen are the main component. Activated carbon was produced by using activation
process. The product from activation process has porosity structure and large internal surface arca.
Natural source material which use to produce activated carbon can be various kind of organic matter
that can be clarify as following:

- Cellulose from plants; husk, coconut shell, palm shell, bagasse ctc.

- Coal; Lignite, Peat, Bituminous etc.

- Animal source; blood, bone, etc.

There are 2 types of activated carbon normally use

- Powdered (PAC): Mostly made from sawdust that provide high porous. Normally use in
chemical industry.

- Granular (GAC): Mostly made from coconut shell. One of the most common adsorbents
used at water treatment process in industry firm.
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The various methods for preparing activated carbon from carbon precursors are contained in
[1]. Karacan et al. [2] optimized the manufacturing conditions for producing activated carbon from
lignite. Ketcha ct al. [3] prepared activated carbon from maize cobs using zinc chloride as activating
agent. The reduction of hexamine III cobalt was carried out using activated carbon produced from
coconut shells as catalyst [4], while the work of Mourao et al. [5] considered the influence of oxidation
on the adsorptive capacity of activated carbon synthesized from lignocellulosic precursors. The
preparation and characterization of activated carbons from cellulosic waste materials for waste water
treatment were carried out [6 - 8]. Before carbonization, the raw materials are impregnated with
chemicals such as acid, strong base, or salt [9]. Production and characterization of activated carbons
from coconut shells were discussed [10]; their adsorption capacities were determined by contacting
them separately with methyl red and potassium permanganate. Shalna and Yogamoortthi [11]
produced activated carbon with high chromium removal efficiency from tea dust using HsPO:x as the
activating agent. Sodeinde [12] used activated carbon produced from coconut shells impregnated
with ZnCl: to obtain cobalt II from cobalt IlI, and the results were similar to those of Long et al. [4].
Bagasse, apricot stones, hazelnut, almond, pistachio, and walnut hard shells when used as precursors
for producing activated carbon show that activation temperature/time and chemical-to-carbon
impregnation ratio are important parameters for determining the quality of activated carbon [13].
Coconut fibre was used for synthesizing activated carbon using HsPOs as activating agent [14].
Several works on synthesis of activated carbon via chemical activation involve the use of popular
chemicals such as HsPOs, ZnClz and KOH as activating agents; however, HsPOs is preferred to ZnClz
because of the adverse effect ZnClz has on the environment, hence the reason for its limitation in use
in the food and pharmaceutical industries [15]. The use of other raw materials such as rubber, wood
dust [15], and sugar cane bagasse pith [16] has also been exploited as raw materials for producing
activating carbon. Tan et al. [17] also conducted an optimization study on activated carbon produced
from coconut husk which was found suitable for the removal of 2,4,6-trichlorophenol using KOH
treatment and CO: gasification.

In this study, we research and aims to find alternative material which low price and easily to
find to produced activated carbon with affordable and reasonable price. The properties of material
which could be processed to activated carbon is high carbon and low volatiles matter and most
common materials in industry level is coal [18 —21] or coconut shell [22].

The preparation and process of activated carbon is carbonization, a process in which a fuel is heated
without air to leave solid porous carbon.

2. Materials and Methods

2.1 Preparation of tha Raw Material
In this study, we are using wild almond shells form Surin,Thailand. We dry and crushed and
sifted through a sieve of 60 mesh (250 microns), then dried at 105 °C for 120 minutes.

2.2 Proximate analysis
We analyses data in this study under ASTM Standard (American Society for Testing and
Material) in ASTMD7582 and ASTMD5373

2.3 Thermogravimetric analysis (TGA)

Analyses under 2 conditions; N2 (pyrolysis) and Oz (combustion). Both sides are assuming to be
dry ice and set temperature to 110 °C for 15 minutes and increase heat output to 10 °C/min uniti 900
oC (N2) or 800 °C (O2)

2.4 Preparation of Wild Almond (Lrvingia malayana) Shells Activated carbon
Burn crushed shells under Nitrogen at 700°C and 800°C with flow rate 0.9 Liter per minute and
increasing until 700 °C and slowdown for 240 minutes
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2.5 Surface Area by N2 adsorption-desorption analysis

The porosity of samples was analyzed by nitrogen sorption on a NOVA 2000e Surface Area and
Pore Size Analyzer. Prior to the measurement, samples were degassed under a vacuum at 300°C for
2 h. The specific surface area was calculated by the Brunauer-Emmett-Teller equation (BET) while the
pore size distribution was determined by the Barrett-Joyner-Halenda method (BJH).

2.6 FT-IR Analysis

Using Fourier Transform Infrared Spectroscopy; FT-IR “FTIR S5_iD5” to find morphology by
Field-emission scanning electron microscopy (FESEM) (Hitachi SU8230) operated at 10 keV was used
to observe surface morphology of the electrodes.

2.7 Adsorption of Butane Activity of Activated carbon.

Adsorption of Butane Activity on wild almond’s activated carbon from ability to absorb of
butane on activated carbon’s surface. Butane’s absorption has unit as percent weight by weight
(%wt/wt) of activated carbon that compare between temperature 700 °C and 800 °C.

2.8 Effect of activating agent on the surface area.

Chemical Activation was performed to increase surface area by study on Sulfuric acid,
phosphoric acid, nitric acid, hydrochloric acid, potassium hydroxide and zince-chloride. (H250s,
HsPOs, HNOs, HCI, KOH and ZnClz) Then, Burn sample under Nitrogen atmosphere at 800°C with
flow rate 0.9 Liter per minute and increasing until 800 °C and slowdown for 240 minutes. Porosity of
samples was analyzed and compared.

3. Results and Discussion
3.1 Proximate analysis

The proximate analysis was applied and shown in Table 1. The properties of wild almond which was
used as raw material were determined by proximate analysis and ultimate analysis. It was found that
moisture, volatile matters, fixed carbon and ash contents in the wind almond were, respectively, 8.7%
, %, 7213%, 17.47 and 1.70%. While, the amount of C, H, N, and O in the wild almond were,
respectively, 44.66%, 6.33%, 0.04% and 45.49%. It is confirmed that the wild almond has a potential
to use as raw material for preparation of activated carbon.

Table 1. Proximate analysis.

Test Item Test Result Unit Test Method
(ar) (d)

Gross Calorific Value 4,350 4770 kcalkg ASTM D5865
Net Calorific Value 4,030 4,410 kcalkg ASTM D5865
Moisture 8.70 0.00 w-% ASTM D7582
Volatile Matter 7213 79.00 w-% ASTM D7582
Fixed Carbon 17.47 19.13 w-% ASTM D7582
Ash 1.70 1.87 w-% ASTM D7582
Carbon (C) 46.44 50.86 w-% ASTM D5373
Hydrogen (H) 6.33 587 w-% ASTM D5373
Nitrogen (N) 0.04 0.05 w-% ASTM D5373
Oxygen (O) 45.49 41.35 w-% ASTM D5373
Sulfur (S) 0.00 0.00 w-% ASTM D4239
Remark

This analysis results are based on sample submitted to our laboratory
ar = as received basis, ad = as determined basis, d = as dry basis, daf = dry ash free basis

3.2. Thermogravimetric analysis (TGA)
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TGA result has come up with 2 cases; Nz(pyrolysis) and Ox(combustion). For the dry basis by
keeping the temperature at 110°C for 15 minutes (100% at 110C) then increasing the temperature by
increasing rate 10°C/min to 900°C (N2) and 800°C (O2) The graph in figure 1 shown that Nz (pyrolysis),
the weight is reduced to 250°C because of the effect of water and after 600°C, due to the VOC in the
sample, Higher than that, the weight become steady. Therefore, you should set the temperature to
hold at the beginning 250°C or 300°C for another step and then hold at 500°C or 600°C or more.

100 200 300 500 600 700 $00

100
Temperature (°C)
Figure 1. Thermogravimetric analysis (TGA) by O2 combustion.

100

2 8

Weightloss (wt%, d.b.)
5

8

100 200 300 400 500 600 700 800 900
Temperature (°C)

Figure 2. Thermogravimetric analysis (TGA) by N2 pyrolysis.

3.3. Chemical Compositions of Wild Almond (Lrvingia malayana) Shells

The result from Lignocellulose analyses by using Van Soest Method (P.J. Van Soest, ].B.
Robertson, B.A. Lewis, Carbohydrate Methodology, Metabolism, and Nutritional Implications in
Dairy Caltle, ]. Dairy Sci. 74 (1991) 3583-3597.) has shown in table 2.

Table 2. Chemical properties of Wild Almond Shells

Chemical properties wit%
Lignin 28.98
Cellulose 47.78
Hemicellulose 11.54
other 11.70
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3.4. Surface area by N2 adsorption-desorption analysis

The pore size distribution of the Wild Almond (Lrvingia malayana) Shells activated carbon was
analysed by the Barrett-Joyner-Halenda method (BJH). Figure 3(a)-(b) shows N2 adsorption-
desorption isotherms and pore-size distribution curves of 700 °C activated carbon and 800 °C
activated carbon samples. In the Figure 3 (b), the pore size distribution of both samples show a shape
peak at around 3.6 nm.

160 0.10000000
140 =3=8000oC
0.08000000
120 —8—7000C
w
% 100 ~ 006000000
oo ~--4--+ 700 oC adsorption e
o E
E), 80 ~——=@— 700 oC desorption &
@ ) = 0.04000000
5 60 -«-4¢+++ 800 oC adsorption 5;
g ~——@— 800 oC desorption >
40 ® 0.02000000
20
000000000 4+ =%
0 0 20 4 60 8 100 120 140
0.0 0.2 0.4 0.6 0.8 1.0
" -0.02000000
Relative pressure (P/P0) Pore ciameter (nm)
(a) (b)

Figure 3. (a) Adsorption-desortion isotherm of activated carbon at 700 °C and 800 °C
(b) The pore size distribution of activated carbon at 700 °C and 800 °C

The N2 adsorption-desorption isotherms, the pore structural parameter are given in Table2.
The calculated BET surface arcas and pore volumes of samples. The results showed that the BET
surface area (SBET), micropore volume (Vmic) and mesopore volume (Vmes) of prepared activated
carbon increased with increasing the pyrolysis temperature as shown in Table 3. Furthermore, the
activated carbon at 800 °C present larger specific surface area and pore volume than those of
activated carbon at 700 °C, which can be arise from the better dispersion of nanoparticles.

Table 3. Structural parameters of activated carbons.

Sample Seer (m?/g) * Vimic (cm?/g) ® | Vimes(cm?/g) © Dgi (nm) 4
700 °C 396.2 0.198 0.009 3.677
800 °C 4255 0.202 0.014 3.692

a BETsurface area .
b Micropore surface area from t-plot method.
¢ BJH desorption pore volume.

d Average pore diameter.

3.5. FT-IR Analysis

The Wild Almond (Lrvingia malayana) Shells activated carbon were analyzed by Field-emission
scanning electron microscopy (FESEM) (Hitachi SU8230) operated at 10 keV was used to observe
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surface morphology of the electrodes. The figure 4 (a)-(d) illustrates the result of FESEM. From figure
4a and 4b surface morphology of activated carbon at 700°C which have less porous and uneven size
of porous compare with 800°C which has more porous and has capillary shape as shown in figure 4c
and 4d

(d)

Figure 4. (a) SEM image of The Wild Almond (Lrvingia malayana) Shells activated carbon 700 °C, (b)
SEM image of The Wild Almond (Lrvingia malayana) Shells activated carbon 700 °C. (c) SEM image
of The Wild Almond (Lrvingia malayana) Shells activated carbon 800 °C, (d) SEM image of The Wild
Almond (Lrvingia malayana) Shells activated carbon 800 °C

3.6. Determination of Functional Groups by FT-IR

FT-IR spectra of samples activated at 700 °C and 800 °C are shown in Figure 5. It was found that the
characteristic peak of OH-stretching as a broad band peak at 3428 cm-1 was observed for both AC
samples which could be due to polymeric compound or presence of N-H compound. The peak at
2966 cm-1 is attributed to the presence of -CH2- and —~CH stretching of aromatic.
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3.8. Adsorption of Butane Activity of Activated carbon.

Determination of the Butane Activity of Activated Carbon isissued under ASTM Standard (American
Society for Testing and Material) in ASTMD5228-16. This paper determination of the butane activity

of activated carbon at 700 °C and 800 °C. The result shown that at 800 °C, activated carbon could
absorb Butane better than activated carbon at 700 °C as shown in Table 4.

Table 4. Butane Activity.

Sample Butane Activity, BA(%w/w)
Activated carbon 700 °C 8.12
Activated carbon 800 °C 9.82

3.9. Effect of Chemical Activation on the Characterisation of Surface Area.

Chemical activation was tested by using Sulfuric acid, phosphoric acid, nitric acid, hydrochloric
acid, potassium hydroxide and zince-chloride. (H2SOs, HsPOs, HNOs, HCI, KOH, and ZnCl). Figure
7(a)-(b) shows N: adsorption-desorption isotherm and pore size distribution curves of all chemical
agent and result show that ZnCl activation provide high surface area and small pore diameter. The
effect of type of chemical agent on surface area, the BET surface area (SBET), micropore volume
(Vmic) and mesopore volume (Vmes) are shown in Table 5.

500
450 ~—@— Al-adsorption
<-4 -+ Al-desorption

400 ~=@— A2-adsorption

¥+ A2-desorption

w
%
=}

—@— A3-adsorption

w
o
o

=@+ A3-desorption

—@— Ad-adsorption

N
o
o

see)ieee Ad-desorption

N
[=]
o

~—@— B1l-adsorption

Volume (cm?3/gSTP)

15t ««+«fe s+ Bl-desorption
—@— Sl-adsorption
100
seeees S1-desorption
50
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Relative pressure (P/P0)

Figure 7. (a) Effect of chemical activation on the N2 adsorption-desorption of activated carbon from
Wild Almond (Lrvingia malayana) Shell.
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Figure 7. (b) The pore size distribution of activated carbon with different activating agents.

Table 5. Structural parameters of activated carbon with different activating agents.

Sample Activating Serr(m2/g) @ | Vimic(cm3/g)® | Vmes(cm3/g) © Den (nm) 4
agents
Al H2S0: 418.0 0.212 0.0049 3.967
A2 HaPO: 800.2 0.421 0.0132 3.182
A3 HCI 369.9 0.194 0.0266 3411
A4 HNO: 432.4 0.238 0.0091 3411
B1 KOH 1071 0.573 0.0242 3424
51 ZnCl2 1133 0.581 0.1018 3.440

a BETsurface area .
b Micropore surface area from t-plot method.
¢ BJH desorption pore volume.

d Average pore diameter.

4. Conclusions

The Wild Almond (Lrvingia malayana) Shells were determined by proximate analysis and
ultimate analysis gave the best properties can be produced activated carbon. Thermogravimetric
analysis (TGA) of the wild almond was also conducted to determine the proper range of pyrolysis
temperature. Activated carbon produced under nitrogen gas atmosphere at 800 °C. The pyrolysis was
conducted Pyrolysis time was fixed at 120 min and flow rate of carrier gas was fixed at 0.9 1/min.
Porous propertics of the prepared activated carbons were characterized by nitrogen adsorption
method. The prepared activated carbons were also characterized by Scanning Electron Microscopy
(SEM) and Fourier-transform Infrared Spectroscopy (ETIR). The results showed that the BET surface
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area (SBET), micropore volume (Vmic) and mesopore volume (Vmes) of prepared activated carbon
increased with increasing the pyrolysis temperature. From FESEM surface morphology of activated
carbon at 7000C which have less porous and uneven size of porous compare with 800°C which has
more porous and has capillary shape. The FT-IR Spectrum showed that the vibration of -OH, N-H, -
CH2- and ~CH functional group of activated carbon at 800 °C more intense than activated carbon at
700 °C. Moreover, the adsorption efficiency of activated carbon from wild almond was experienced.
The activated carbon at 800 °C has more absorption efficiency on butane activity than activated
carbon at 700 °C. In addition, chemical activation was performed to increase surface area and
porosity. The preparation of activated carbon when using ZnCl: activation provide high surface area
and small pore diameter. The activated carbon production under optimum condition had adsorption
butane activity of 9.8%wt and BET surface area of 1131 m*/g.
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