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Abstract

This research project studies the synthesis of graphene foam from plastic waste for PM2.5
capture. This research project demonstrates the growth of graphene on nickel foam (3x4x0.2
cm?®) by chemical vapor deposition (CVD) using waste plastic straws and waste plastic water
bottles as carbon sources. In the case of using waste plastic straws as a carbon source, the

growth temperature, annealing time, and the quantity of waste plastic straws for the best

condition of the growth of graphene on nickel form by CVD are 800 °C, 30 minutes and 0.5 gram,

respectively.

This research project also investicates the efficiency and quality factor of 1.6 mm
thickness graphene foam filters. The results show that the graphene foam can capture PM1,
PM2.5, and PM10 and the filtration efficiency of PM1, PM2.5, and PM10 are 81.74%, 82.69%, and
81.58%, respectively. In addition, the mercury intrusion porosimetry (MIP) results show that the
porosity of the graphene foam filter is 96.61% resulting in the quality factor of graphene foam

filter is almost infinite revealing that the graphene foam filter has a good ventilation.

In addition, this research project also demonstrates the transmutation of waste FeCl; into
highly valued graphene powder and graphene-wrapped metal powder. Moreover, this research
project shows that graphene-wrapped metal powder has magnetic property and can remove
organic dye from water. In addition, the graphene-wrapped metal powder is removed from water

by magnet

Key words: graphene foam, PM2.5, filter, graphene powder
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Three-Dimensional Graphene Foam
Nickel Substrate by CVD Method

Foam Board Size Optional (3cmx3cm)
by YJINGRUI

Available from these sellers.
Size: 3emx3cm

Temx1em 2cmx2em 3cmx3cm

from 1 seller from 1 seller

from 1 seller

This is a kind of graphene materials with three-
dimensional connected network structure by CVD method.
This graphene material replicates the structure of the
foam metal completely.

« Graphene constitutes a fully connected whole in a

seamless manner.

.

Excellent charge conduction capability, extremely low
density, high porosity and high specific surface area.

It also has excellent electrical, thermal and mechanical
properties of graphene.

.

New (1) from $283.50
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sigmaaldrich.com/catalog/product/aldrich/900561?lang=enéiregion= =
] Idrich log/product/aldrich/9005612I 8 TH B a

Sign In or Register Order Center | == Thailand
MERCK | ‘KM (A

Hello. Sign in

200000- 500+ Featured
PRODUCTS v SERVICES ¥ INDUSTRIES ¥ ACCOUNT ~ SUPPORT ORDER™ v

Thailand Home =%

900561 e UERE G ]
Graphene
powder, electrical conductivity >10% S/m
CAS Number 1034343-98-0 |
& SDS Certificate of Analysis (COA) Specification Sheet

SKU-Pack Size Availability Pack Size Price (SGD) Quantity

900561-500MG o Available fo ship on 06.01.2021 - FROM 500 mg 544.00 0 * o

Bulk orders? ADD TO CART
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5. WAN15IWLLAZNITILATIZIANANITIVY

5.1  msugnunsiuvuiinifialuulaedsnisindeuiinniglawniilagldveznaaanwansdn

I~ 1 -4
WULaIAIIUDU

A a v

faAdelimpassduanyinnsiiuuuinialrbilagiBnsindevinfmelewnifigumai 900 °C
w1 30 Wit tngldvesnaennanafiny3unas 0.1 n3u fa 0.6 N3N Huunasansueu Tunisnsiadeunis
Ugnunsiluuuinifaliuaglinadanisinawnaduvessiuny - dadasunfunsiluazuaniuauiamzes
Anp3uYeITLIUiUInn 1580 cm (G band) wag 2700 cm (2D band) fstiumsioguasiauianis
fanamavanansofudunisfiegueauns@iuld SU 15 wansanauvessnuiiinuuiiuinvesfioeng

TnifalvluithunsyuunsUgnunsiludeisnsindeurimelandinuteulvnlinarilitieiu - ae

nnsaUnasuvesTIuaniulaindiiieadiegafinun1sUgnnsiiui 900 °C utw 30 wit Tngld

(%
Y

PaRANaa@ANUSLIaL 0.1 NSU hag 0.2 NSY YINUUNLANANALAUS 1580 cm™ (G band) kag 2700 cm’!

(2D band) @e8udulaindunsAuuLNURI9949 2 Faeal

v v =

Ao a Aada = a a Y aa & a
UBNIINU ll')'ﬂ]EJENﬁﬂﬂqmamaﬁqmwa]mmﬂm@ﬂqiﬂaﬂLLﬂﬁWUUUUﬂLﬂaIWlIW'JEJ']ﬁﬂ’]iLﬁa@Uf}n

melawnillngldvernaoanarafindunmainsueu 3U 16 wamanasuvessunuiinuudiegeiniia

Trluisnunsugnunsituigamgiasus 500 °C s 1000 °C w 30 Wit Tngldvaeanatafinuuim

a

[ [ 1 I3 [y < Y1 o 1 A = a
0.5 NFU LUULKARIANTUBU ﬁ]qﬂﬂi’ﬁ/\]ﬁLﬂﬂﬁ]illﬂ@ﬂi']ll']u“\]gLMUVL@'J'WWJEJEJ’]\W]NWUﬂ’ﬁU@JﬂLLﬂiwumqmﬁﬂﬂJ

U

600 °C fia 800 °C azuUsINgfia G war 20 Fuduiirlamzueaunsiufidumis 1580 cm? wag 2700

1%
= 1

cm™ MNE1AU 0819TRIN MEwWniRsausanadladniunsuuuieE9fINg 13
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[—900C 0.6¢

I—900C 0.5¢

Intensity (a.u.)

—900C 0.4¢

900C 0.3g

[—900C 0.2g

—900C 0.1¢

1300 1500 1700 1900 2100 2300 2500 2700

Raman shift (cm™)

U 15 aneasuvessununinuuimegrslinfaliuiiniunisugnunsitulagisnisindeuiamelewndii

gamail 900 °C lneldvezmasnnanafinusunasisus 0.1 n3u 89 0.6 nu uumasnisuau
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——1000C 0.5¢

——900C 0.5¢
3
= ——800C 0.5¢
2
-
0]
IS
——700C 0.5¢
n ——600C 0.5¢
——500C 0.5¢

1300 1800 2300 2800
Raman shift (cm™)

U 16 aneasuvessununinuuimegrslinfaliuiiniunisugnunsilulagisnisindeuiamelewndii

(%
Y 1

gaumgiiaaws 500 °C fis 1000 °C lngldvpznasanarainu3unn 0.5 n3u Wuunasmisuay
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TneyluknsiuasdnmNIva9TIU U NAWILIUTEL 1580 cm ™t (A G) kag 2700 cm™ (fim

2D) WHUUNNSHIEWUNANALALIUTEU 1350 et (WA D) Taefia D HULiaNI91NANUUNN89uad
lassaiaunsilu (defect) memniidsenananlaii fegnniauduvesiia D dosasuansdunsilug

£

faunmd  Ieeviluanuduvessiunuiia D aslusgiuanuduvasadtaisosagssesiailyin

q

(% gj ) a 14 IS 1 U 1 a Y v 1 ¥ IS
AUUNITLUIBULNEUAULUUUBINA D Younazieg1sarlunlensiaiunUtNveIiA D/G

Wiguiiguiu m1519 3 way 3U 17 uanadayauazninauduvessiauiia D, G uay D/G veiiegnd

NeunsUgnunsiiuiigamgil 900 °C TnglduSunamasanataiinaaus 0.1 nu §i 0.6 Nu uonAINY

A1519 4 wag §U 18 uanstayauaznsmMANIiNYessuia D, G uag D/G veifieg1fikunsugn

'
a

wnsiuigaumgiisaud 500 °C fs 1000 °C lagldUSuaumasanaiadin 0.5 n3u MNnToyariilingiuin

9

iegnnIun1sUgnunsiiumeisnisindeuianeleniifiaamall 800 °C warldUSinamasnananadin

Y

0.5 n3u agliAdnIIEWANNLY D/G Uaeign B10199znanlaiunsiiuaindiogsiinnnInangn
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1519 3 UaAIAILNYeITINIURA D, G Way D/G vasegeiiunsugnunsiluiigamgil 900 °C

TnglgUsunuvasanalafingaes 0.1 NS 99 0.6 N3u

Temperature 900 °C Peak D Peak G D/G
Quantity (g) Position Intensity | Position | Intensity
0.1 1360.96 39.4831 1580.64 | 312.404 | 0.126385
0.2 1356.19 18.9482 1583.74 | 212.864 | 0.089016
0.3 1354.6 44.1792 1597.66 | 219.683 | 0.201104
0.4 1360.96 47.6973 1591.48 24299 | 0.196293
0.5 1359.37 27.5081 1593.02 | 152.318 | 0.180597
0.6 1359.37 52.0211 1591.48 | 216.666 | 0.240098
0.3
0.25 4
02 +
L 015 4
a
0.1 4+
0.05 4
0 t t t t t t
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

JSuanananalain (nsu)

5U 17 dandmanuiduvessinuiia D/G vewinegiiiiun1sUgnunsiuiigamai 900 °C lagld

Ysunauvaaanan@dmnmaws 0.1 NS4 04 0.6 NSy
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a

M9 4 WARIANUINYDITINUAA D, G kay D/G Ua3iiag19fii1un1sUgnunIiuigamaiinesd 500

°C 89 1000 °C ngldUsuunasnnana®@n 0.5 nsu

Y

Quantity 0.5 ¢ Peak D Peak G D/G
Temperature 900 (°C) | Position | Intensity | Position | Intensity
500 1356.19 | 26.1028 | 1603.84 | 30.3567 | 0.859869
600 1348.23 | 541.273 | 1582.19 | 540.118 | 1.002138
700 1346.64 | 103.615 | 1582.19 | 399.283 | 0.259503
800 1341.86 | 26.3477 | 1580.64 456.89 | 0.057667
900 1351.41 | 335792 | 1593.02 | 152.318 | 0.220455
1000 1353.01 | 24.9727 | 1583.74 | 36.1491 | 0.690825

1.2

D/G

500

600

900 1000

1%
Y |

5U 18 gnsdruanuduvessuuiia D/G vediegnafiniun1sUgnunsiiuigamaiianaus 500 °C fis

1000 °C TneldUSunamannnanadin 0.5 n3u

37
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LVaIAIS U

wenINULIElameaesduaseiunsiiuuulinfalnulagisnsiedeurimeleniigamal

900 °C w1y 30 W legldvezurntiwaiafinusuna 0.1 N3y 89 0.6 nSu Wuwnasasuau lnenanis
asrviademaiasun (3U 19) wandiiuimnmedisanunsaugnunsituldidosannusingfinems

POINTHUTFIMUL 1580 et (G band) way 2700 cm (2D band)

dmfunsfnynavesaumgiindsenisugnunsiuuudnifaliumeisnisniouinsielewnd

Ingldvezaimihnarafinduunamisvey JU 20 wansaiUnasuvessuuirinuudegisinifaliug
U sUgNUNsHuNgaumgdasud 500 °C §ia 1000 °C wu 30 Wil Ingldregvintmatafinusunn 0.5
n5u Wuuraannsueu annsanasuvessuuasiuldidegsiiinunsugnunsilufionmgl 600

°C §1 900 °C azUsngiia G uaz 2D Faduiinanizveunsiludisums 1580 cm™ wag 2700 cm’

1
= 1

AINEIRY DE9TRLIN MesiRsaunsanandlaindunsiuuuiieg1eningn?
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- *-—-/\/\ ——900C 0.6g

——900C 0.5g

900C 0.4g

——900C 0.3g

——900C 0.2¢

N B N/\' ——900C 0.1g

1300 1500 1700 1900 2100 2300 2500 2700

Intensity (a.u.)

Raman shift (cm™)
U 19 anesuvessununinuuiiegslinfalrluiiunisugnunsitusigisnsindeuiamelewnii
gl 900 °C IngldvezvananafinUsunamaws 0.1 N3 9 0.6 ¥ WWuunasansueu
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——1000C 0.5g

——900C 0.5¢

800C 0.5¢

Intensity (a.u.)

——700C 0.5¢

——600C 0.5g

——500C 0.5¢

1300 1500 1700 1900 2100 2300 2500 2700

Raman shift (cm™)
U 20 awneasuvessnuninuuimegsiinifaliuiiiunisugnunsilumelsnisinieuiinieleiniin
gaumngiisaws 500 °C s 1000 °C lngldvazuamhwarafnu3unn 0.5 nsu Wuunasmsuay
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1519 5 UaAeAIiNYessuIuiia D, G way D/G vasimegeiiiunisugnunsiluiigamgil 900 °C

TagldUsunavinnanafinadws 0.1 N5U 09 0.6 NSY

Temperature 900 °C Peak D Peak G D/G
Quantity (g) Position | Intensity | Position | Intensity
0.1 1360.96 13.851 | 1580.64 | 1033.34 | 0.013404
0.2 1367.32 | 13.2869 | 1580.64 | 798.761 | 0.016634
0.3 1353.01 | 30.4828 | 1580.64 | 973.278 | 0.03132
0.4 1341.86 | 30.4843 | 1582.19 | 576.735 | 0.052857
0.5 1356.19 | 104.675 | 1579.09 | 2403.03 | 0.04356
0.6 1345.05 | 80.7242 | 1580.64 | 4023.96 | 0.020061
0.06
0.05 4+
0.04 <+
< 003 4
a
002 4
0.01 <+
0 } } } } } }
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Quantity (g)

U 21 Sasdiuanuiduvessnuiin D/G vewnegininiun1sUgnunsiiuiigamad 900 °C Tagld

Usuuantinana@nmaks 0.1 nSU 89 0.6 NSy
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1T 6 UAAIANTNYBITINUTA D, G WA D/G vewiag 1 aniiIuNsUgnunsiungamgil

°C 89 1000 °C WneldUsunuvIntnaadn 0.5 NSy

a

Y

Faud 500

Quantity 0.5 ¢ Peak D Peak G D/G
Temperature 900 (°C) | Position | Intensity | Position | Intensity
500 1354.6 | 451.418 | 1599.2 | 547.962 | 0.823813
600 1348.23 | 1953.06 | 1580.64 | 5027.22 | 0.388497
700 1349.82 | 532.697 | 1579.09 | 2826.53 | 0.188463
800 1356.19 | 60.9201 | 1580.64 | 2793.56 | 0.021807
900 1356.19 | 104.675 | 1579.09 | 2403.03 | 0.04356
1000 1356.19 | 47.0208 | 1586.83 | 123.181 | 0.381721

D/G

500 600

U 22 dns1duaNUNYesTuiia D/G Yeeiag ik unsUgnunsiuigamaiing

700

800

Temperature (°C)

1000 °C TneldUSunuviniinaadn 0.5 nsu

a2

=

)

1000

(%
(%

W@ 500 °C B4



M50 5 ey U 21 uansdayauaznivAuiiessauiia D, G wag D/G 199i18g 199k Y

a

nsUgnunsiiuiigamgll 900 °C ngldUsunamnuimanainasus 0.1 N3 83 0.6 NS uoNAINTLAIT

9 Y

6 wag 3U 22 uanadeyauarnimiauduvessunuiia D, G uay D/G Y0908 19MN1uN1sUgnunsily
NgaunnaAsue 500 °C 81 1000 °C Tngldusunavinuimanadin 0.5 N3y andayainlimsuindieds

NeunsUgnunsiiudiedsnisiedeviiamelewinoamall 900 °C wagldusuauaumanadin 0.1

vy A

A5u 22 1A19RS1EUANNLTY D/G Uesiian waziilaameia D HuNAL1INAMUUNNTDIUD9LASIASN

w3 (defect) AatiuNTsNF0E19LAY D/G Nleedign s1ananilainnisugnunsitusieteuleliay

9

TunsTuniinunmage
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53 NMINAgaUN1SINIUEY PM2.5 Yadurunsasiuunsiulny

a a

Mndglamihuwiunsesuunsiuliluilannnsduaseimeisnsafouinmegleniingamgd

800 °C w1y 30 U9 Ieeldusunuvevasanatann 0.5 ndu Wuwnasnsuau luns1TanuiRIg 1w

LLazm’quuﬁwmﬂﬁﬂ Brunauer-Emmett-Teller (BET) tag mercury intrusion porosimetry (MIP)

v
I~ o

gy enuifognaunsiulnadultuiiiosunzgdls 10.8490 m¥g  upgflennunguinnde
96.61%  (srnunamavageukuveglunianuan)  wdsnduldihdegnaunsiulvislunasou
Uszavsnmmsnsesfulagliniunnguiduumdsiudady PM25 Fsyansvaassazdseneuselva
uifa 2 Inausenoufu wedosinuTinadu 2 §u (eglulvauftaaes) uazusiunsosduunsiulng (funang
sgmilnaufiavisans) fandlugy 23 Tnsagldatugululnautsnudne 5U 24 uag m31e 7 wansa
nsnaaeuUsednSninvatununsowuwnsiulily  IneA1ussansninveswiunsoauunsiulily ()

AN1150AUU AN

AU TUTDIUNDURNULAUNTBY — ANUTHTUYD U UUNUN DY
E = X 100%

ANUTUTUYRIE U DUHULHUN DY

Ingnansveassuansiinsiuiwiinaesiidy PM2.5 Tnnndia 3333 pg/m? uWunsawnsiiulilunaunse

nsoerufanalunun Feuansdauseaninmnisnseduiigeds 100%
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U 23 nMsnageulszavsnmnisandudu PM2.5 vesuiunseswnsiiulniilagldniuguiduunasdu
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1519 7 YoyafuilaninnisnaaesUseansamuesuiunseauwn sl

Ui | Armmuntuvesu PM2.5 (pg/m?) | UszAviam
NDUATULAUNTDY | MAINTUMNUNTDY (%)
1 18 5 12.22
2 18 3 83.33
3 15 3 80.00
4 15 3 80.00
5 3333 1 99.97
6 3333 1 99.97
7 1500 0 100.00
8 1500 0 100.00
9 1756 0 100.00
10 1741 1 99.94
11 1931 0 100.00
12 1949 0 100.00
13 2078 0 100.00
14 2077 0 100.00
15 2275 0 100.00
16 2262 0 100.00
17 2244 0 100.00
18 2249 0 100.00
19 2123 0 100.00

ar




20 2102 100.00
21 1939 100.00
22 1945 100.00
23 1732 100.00
24 1726 100.00
25 1524 100.00
26 1514 100.00
27 1313 100.00
28 1313 100.00
29 1107 100.00
30 1109 100.00
31 923 100.00
32 923 100.00
33 780 100.00
34 780 100.00
35 647 100.00
36 647 100.00
37 537 100.00
38 537 100.00
39 426 100.00
40 420 100.00
41 337 100.00

48




az 337 100.00
43 260 100.00
aq 260 100.00
a5 201 100.00
a6 201 100.00
ar 150 100.00
a8 149 100.00
49 110 100.00
50 109 100.00
51 81 100.00
52 81 100.00
53 60 100.00
54 61 100.00
55 ar 100.00
56 ar 100.00
57 39 100.00
58 39 100.00
59 32 100.00
60 32 100.00
61 27 100.00
62 27 100.00
63 17 100.00
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64 17 100.00
65 13 100.00
66 13 100.00
67 10 100.00
68 10 100.00
69 7 100.00
70 7 100.00
71 4 100.00
72 4 100.00
73 2 100.00
74 2 100.00
75 2 100.00
76 2 100.00
7 2 100.00
78 2 100.00
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et (i) | dasilua (scem) | Audu (Pa) | Quality Factor
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100-110 100 0 o0
110-120 200 0 00
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130-140 400 0 o0
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0-10 20 0 o0
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90-100 200 0 o0
100-110 300 0 o0
110-120 400 0 o0
120-130 500 0 o0
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Graphene
CAS Number:
1034343-98-0
Product Number Product Description SDS
[0 900561 powder, electrical conductivity =107 S/m = Pricing X
SKU PackSize  Availability Price Quantity
900561-500MG  500MG & Estimated to ship on July 19,2021 - FROM SGD 544.00 | - + | i ]

Request a Bulk Order
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Synthesis of graphene foam from plastic waste for PM2.5 capture
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Abstract. Stainless steel has been widely utilized due to it high resistance of
corrosion, rust, and stain more than ordinary steel. However, a hardness of stainless-
steel surface is not high resulting in engineering applications of stainless steel are
limited. Graphene is an extremely hard material therefore the growth of graphene on
stainless steel can increase the surface hardness of stainless steel. Vegetable oil
consists of triglyceride which has abundant carbon in the constituent. Vegetable oil
has been widely used for cooking. After the cooking, a huge amount of the waste
vegetable oil is flushed down the drain resulting in water pollution. However, the
waste vegetable oil still contains abundant carbon which can be used as a carbon
source for graphene growth on stainless steel by chemical vapor deposition (CVD). In
this study, the surface hardening of stainless steel through graphene growth on
stainless steel by CVD using waste palm oil as a carbon source is demonstrated. The
results show that the fourth-used palm oil can be utilized as a carbon source for the
growth of graphene on stainless steel by CVD. Moreover, the graphene growth on
stainless steel by CVD using the fourth-used palm oil can increase the surface
hardness of stainless steel by 175%

1. Introduction

Stainless steel is steel alloy which has been widely utilized due to it high resistance of corrosion, rust,
and stain more than ordinary steel. However, a hardness of stainless-steel surface is not high resulting
in engineering applications of stainless steel are limited. The surface hardening of stainless steel can
improve many equipment such as cam or ring gear, bearings or shafts, turbine applications, and
automotive components [1] therefore increase in surface hardness of stainless steel can broaden its
application range.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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Graphene is an allotrope of carbon which is arranged in a 2D honeycomb lattice [2-5].
Graphene is an superhard material [6] which has an intrinsic strength of 130 GPa, young’s modulus of
1.0 TPa, and elastic stiffness of -2.0 TPa [7]. Therefore, the growth of graphene on stainless steel can
increase the surface hardness of stainless steel [8,9]. Vegetable oil consists of triglyceride which has
abundant carbon in the constituent. Vegetable oil has been widely utilized for cooking. After the
cooking, a huge amount of the waste vegetable oil is flushed down the drain [10]. Since the density of
the waste vegetable oil is lower than that of water, the waste vegetable oil will float in water and
obstruct the oxygen exchange between water and air resulting in polluted water. However, the waste
vegetable oil still contains abundant carbon which can be used as a carbon source for graphene growth
on stainless steel by chemical vapor deposition (CVD). In this study, the surface hardening of stainless
steel through graphene growth on stainless steel by CVD using waste palm oil as a carbon source is
demonstrated.

2. Experimental procedures
The growth of graphene on stainless steel was prepared by CVD using waste palm oil as a carbon
source [11,12]. A 3x4x0.085 cm’ stainless-steel (S304) plate was precleaned by ultrasonic sonication
in acetone for 5 minutes. After the acetone evaporated from the substrate’s surface, a tray of waste
palm oil with quantity of 25 ml and the cleaned stainless-steel substrate were put into the quartz tube
in the area of furnace 1 and furnace 2, respectively, as shown in figure 1 followed by evacuation until
the base pressure in the quartz tube reached ~3 Pa and then the stainless-steel substrate was annealed
to the graphene growth temperature of 900 °C by furnace 2. At the growth temperature, the vapor of
waste palm oil was introduced to the area of furnace 2 by annealing the waste palm oil at 400 °C using
furnace 1. The substrate was annealed for 30 minutes under the vapor of the waste palm oil. After that
the substrate was fast cooled down to room temperature.

The presence of graphene on stainless-steel plates was confirmed by Raman spectroscopy
measured at room temperature using a 100x objective and a 532 nm laser. The laser beam sizeis 1 m

in diameter. Morphology and element analysis were investigated by field-emission scanning electron
microscope (FE-SEM) equipped with an energy dispersive X-ray spectroscope (EDX) at incident
beam of 15 keV. Surface hardness test was performed by nanoindenter using load up to 200 mN

Waste Vegetable Oil Stainless steel

Figure 1. Schematic of experimental setup of graphene growth on stainless steel by CVD using waste
vegetable oil as a carbon source.

Furnace 2
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3. Results and discussion

In this study, used palm oil is utilized as a carbon source for graphene growth by CVD. The used palm
oil is obtained after deep-frying sesame, pumpkin, potato, and banana, respectively. Figure 2 shows
Raman spectra measured on the samples underwent the growth of graphene on stainless steel by CVD
using the waste palm oil obtained by deep-frying various foodstuffs. The names of samples and types
of deep-fried foodstuff are shown in figure 2 (inset). The Raman spectra of all samples show G and 2D
bands which are the characteristic bands of graphene at ~1580 cm™ and ~2700 cm™, respectively [13-
15]. Although Raman spectra show the graphene characteristic G and 2D bands, it cannot confirm the
presence of graphene on the sample surfaces since carbon nanotube also has these G and 2D bands
because both of graphene and carbon nanotube are sp® carbon materials [16]. Figure 3 show SEM
images of pristine stainless steel (figure 3 (a)) and P4 sample (figure 3 (b)). The SEM image of P4
shows there is not carbon nanotube on the surface confirming the presence of graphene on P4 sample
and the fourth-used palm oil (P4) can be used as a carbon source for graphene growth by CVD. The
SEM image of P4 sample also shows that the surface of P4 sample is not smooth implying that the
graphene film on the sample surface is not uniform.
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Figure 2. Raman spectra measured on the surfaces of samples underwent graphene growth on
stainless steel by CVD using various waste palm oil as a carbon source. (Inset) Table shows sample
names and foodstuffs which deep-fried in the palm oil.
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Figure 3. SEM images measured on surfaces of (a) pristine stainless steel and (b) P4 sample

In general, the carbon source for the growth of graphene on stainless steel by CVD should be
without oxygen because it obstructs graphene formation. However, the results show that palm oil
which contains abundant oxygen can be utilized as the carbon source for graphene growth on stainless
steel by CVD. It may be attributed to carbothermal reduction which is a process to eliminate oxide
from the metal surface by annealing the metal oxide with reducing-agent carbon at high temperature
[17,18]. Liu et al. show that annealing iron oxide at temperature more than 600 K with gaseous carbon
can reduce the iron oxide [19]. In our case, stainless steel which is iron-rich alloy was annealed at 900
°C with the vapor of the waste palm oil which contains abundant oxygen and carbon. The reaction of
reduction of iron oxide is displayed step by step as follows [11].

3Fe;03+CO = 2Fe;04+CO,
Fe;04+CO = 3FeO+CO,

FeO+CO = Fe+CO»

Figure 4 (a) shows load vs depth curves of pristine stainless steel (blue) and P4 sample (green). The
average surface hardnesses of pristine stainless steel and P4 sample are 2.42 GPa and 6.66 GPa,
respectively. Figure 4 (b) shows surface hardnesses of pristine stainless steel and P4 sample randomly
measured 6 points on pristine stainless steel and 9 points on P4 sample. The graph shows the surface

hardness of P4 sample considerably fluctuates. It may be attributed to non-uniform graphene
thickness.
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Figure 4. (a) Load vs depth curves of pristine stainless steel (blue) and P4 sample (green). (b) Surface
hardness randomly measured 6 points on pristine stainless steel (red) and 9 points on P4 sample (blue).
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4. Conclusions

In this report, we have demonstrated the growth of graphene on stainless steel by CVD using waste
palm oil as a carbon source. The results show that the fourth-used palm oil can be utilized as a carbon
source for graphene growth on stainless steel by CVD. Moreover, the growth of graphene on stainless
steel by CVD using the fourth-used palm oil can increase the surface hardness of stainless steel by
175%
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Equilibration interval: 5s
Sample density. 1.000 g/cm?

Summary Report

Surface Area

Single point surface area at p/p°® = 0.204145573

BET Surface Area:
Langmuir Surface Area:

t-Plot external surface area:

BJH Adsorption cumulative surface area of pores

between 17.000 A and 3,000.000 A width:

BJH Desorption cumulative surface area of pores

between 17.000 Aand 3,000.000 Awidth:

D-H Adsorption cumulative surface area of pores

between 17.000 Aand 3,000.000 Awidth:

D-H Desorption cumulative surface area of pores

between 17.000 A and 3,000.000 A width:

Pore

Single point adsorption total pore volume of pores
less than 403.122 Awidth at p/p° = 0.950000000

Single point desorption total pore volume of pores
less than 403.122 Awidth at p/p° = 0.950000000

t-Plot micropore volume:

BJH Adsorption cumulative volume of pores

between 17.000 A and 3,000.000 A width:

BJH Desorption cumulative volume of pores

between 17.000 A and 3,000.000 A width:

D-H Adsorption cumulative volume of pores

between 17.000 Aand 3,000.000 A width:

1 14.8175 m?3/g

14.8494 m?/g
20.2712 m2lg

23.4734 m?lg

19.6925 m?3/g

20.6339 m?/g

21.1373 m3/g

21.4583 m?/g

Volume

: 0.028002 cm?/g

: 0.030886 cm?3/g

-0.003132 cm?®g

0.034383 cm?®/g

0.034523 cm?/g

0.035602 cm?/g
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Pore Volume

D-H Desorption cumulative volume of pores
between 17.000 Aand 3,000.000 Awidth: 0.036162 cm?/g

Pore Size
Adsorption average pore diameter (4V/Aby BET): 75.428 A
Desorption average pore diameter (4V/Aby BET): 83.198 A
BJH Adsorption average pore width (4V/A): 69.840 A
BJH Desorption average pore width (4V/A): 66.925 A
D-H Adsorption average pore width (4V/A): 67.372 A
D-H Desorption average pore width (4V/A): 67.409 A
Freundlich
Qm-C: 0.00146 £ 0.00007 mmol/g
m: 2.5752 + 0.1566
Temkin
g-alpha/Qm: 6.839438 + 0.921086 kJ/mol-(mmol/g)

A: 0.1349 £ 0.0919 mmHg

DFT Pore Size
Volume in Pores < 12.69 A : 0.00000 cm3/g
Total Volume in Pores <= 1,172.33 A : 0.02517 cm3/g
Area in Pores > 1,172.33 A : 2.635 m3g
Total Area in Pores >= 12.69 A : 9.758 m¥g

Total Area : 45.567 m3/g

Nanoparticle Size:
Average Particle Size 4,040.578 A
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Dubinin-Astakhov
Micropore surface area: 14.5891 m?/g
Limiting micropore volume: 0.008134 cm?/g

MP-Method

Cumulative surface area of pores between
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Automatic degas: No

Comments: Degassing [ C [ 'min

Isotherm Tabular Report

Relative Absolute Quantity Elapsed Time Saturation

Pressure (p/p°) Pressure Adsorbed (h:min) Pressure

(mmHg) (mmol/g) (mmHg)
00:25 760.251526
0.003963025 3.018313 0.07122 00:53 761.618469
0.005068616 3.860230 0.07522 00:58 761.594543
0.006454485 4.915252 0.07953 01:02 761.524963
0.007847142 5.976118 0.08227 01:06 761.566101
0.009117676 6.943783 0.08626 01:12 761.573792
0.010441269 7.953136 0.08832 01:19 761.702026
0.015998735 12.187099 0.09582 01:27 761.753906
0.020680579 15.753960 0.10115 01:33 761.775574
0.029035638 22.120550 0.10979 01:39 761.841370
0.032078221 24.438408 0.11167 01:45 761.838013
0.038420848 29.275019 0.11493 01:52 761.956604
0.042453196 32.347980 0.11959 01:58 761.968079
0.047581370 36.259510 0.12252 02:04 762.052673
0.054973051 41.895676 0.12835 02:09 762.112976
0.057465176 43.801186 0.12896 02:16 762.221375
0.061162581 46.621876 0.13227 02:21 762.261414
0.068703645 52.371979 0.13345 02:27 762.288208
0.075550365 57.592831 0.13680 02:31 762.310425
0.082166505 62.634518 0.14032 02:36 762.287720
0.088615660 67.555443 0.14288 02:41 762.342041
0.094774573 72.250237 0.14545 02:46 762.337769
0.101607395 77.466721 0.14875 02:51 762.412231
0.107781274 82.180412 0.15152 02:55 762.473938
0.113950399 86.881310 0.15180 03:00 762.448486
0.125839090 95.941246 0.15588 03:04 762.412109
0.139434423 106.312126 0.16307 03:08 762.452515
0.145747931 111.130280 0.16607 03:12 762.482727
0.159124136 121.328667 0.17207 03:17 762.478088
0.177631812 135.441589 0.18068 03:20 762.484985
0.191317927 145.878845 0.18608 03:24 762.494385
0.204145573 155.668015 0.19084 03:28 762.534363
0.216473012 165.081772 0.19638 03:31 762.597473
0.229488328 175.024307 0.19957 03:35 762.671936
0.247832772 189.023087 0.20708 03:37 762.704163
0.262565355 200.268295 0.21502 03:40 762.736938
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Isotherm Tabular Report

Relative Absolute Quantity Elapsed Time Saturation

Pressure (p/p°) Pressure Adsorbed (h:min) Pressure

(mmHg) (mmol/g) (mmHg)
0.275111286 209.866119 0.22205 03:43 762.840820
0.293807105 224132751 0.22855 03:46 762.856812
0.333352881 254.309570 0.24781 03:49 762.883972
0.373542015 284.942108 0.27261 03:52 762.811401
0.441016104 336.394562 0.30968 03:55 762.771606
0.482484316 368.008728 0.33304 03:58 762.737183
0.554584381 422.987946 0.37328 04:01 762.711609
0.591003318 450.804230 0.39148 04:04 762.777832
0.663201281 505.951416 0.43211 04:07 762.892700
0.699801706 533.846619 0.45486 04:10 762.854126
0.802711556 612.412231 0.53840 04:12 762.929382
0.881152329 672.281311 0.64188 04:16 762.956970
0.954124020 727.890930 0.82417 04:19 762.889221
0.989311290 754.723145 0.98913 04:21 762.877319
0.878521743 670.222168 0.70581 04:25 762.897644
0.861776973 657.433105 0.67023 04:28 762.880798
0.815699471 622.267822 0.60111 04:33 762.864075
0.773677589 590.289368 0.54902 04:36 762.965576
0.732013544 558.498901 0.50659 04:39 762.962524
0.690168990 526.566040 0.47349 04:42 762.952332
0.648081116 494.439453 0.44240 04:45 762.928345
0.606304114 462.535583 0.41333 04:48 762.877197
0.563242161 429.675629 0.38359 04:52 762.861267
0.521306312 397.679016 0.35756 04:55 762.850952
0.479585749 365.845215 0.32674 04:58 762.835876
0.437658880 333.875946 0.29685 05:01 762.867981
0.394770404 301.152496 0.27449 05:04 762.854797
0.352786027 269.123199 0.25276 05:08 762.851074
0.310999688 237.230881 0.23186 05:11 762.801025
0.268909224 205.126694 0.21253 05:15 762.810181
0.226600817 172.856079 0.19239 05:18 762.821960
0.184417152 140.678467 0.17202 05:23 762.827454
0.142212128 108.462379 0.15479 05:28 762.680237
0.102375407 78.072533 0.14025 05:34 762.610229
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Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Isotherm Log Plot

—+— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Adsorption

1.0

—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Desorption

0.6

0.0 T

—P—/'/_J,MF

I

0.05 0.1 0.5
Relative Pressure (p/p°)




3Flex 5.02

Sample

File

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Page 8 of 51

Serial # 623 Unit1 Port3

5/6/2564 17:38:02

6/6/2564 0:25:42

9/6/2564 11:50:13

0.0343 g
62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

1.0

. PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
. C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Isotherm Linear Absolute Plot
—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Adsorption

—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Desorption

0.6

0.04—7F—————

300

400

Absolute Pressure (mmHg)




3Flex 5.02

Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02 Page 9 of 51
Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Isotherm Log Absolute Plot

—+— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Adsorption

1.0

—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Desorption

0.6

0.0 T T

M

W@#M

50 100
Absolute Pressure (mmHg)




3Flex 5.02

Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13

0.0343 g

62.8409 cm?

None
No

Comments: Degassing [ C [ 'min

: PINF15-R2-640367-Port3

Analysis adsorptive: N2

Page 10 of 51

Analysis bath temp.: 77.383 K

Thermal correction: No

Ambient free space: 18.8324 cm?® Measured

Equilibration interval: 5s

Sample density. 1.000 g/cm?

Isotherm Pressure Composition

—+— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Adsorption
—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 : Desorption
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0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

Weight % N2

0.20



TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02
Serial # 623 Unit1 Port3

3Flex 5.02 Page 11 of 51

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2

Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

BET Report

BET surface area: 14.8494 + 0.2037 m3/g
Slope: 6.49211 + 0.08973 g/mmol
Y-intercept: 0.07781 + 0.00851 g/mmol
C: 84.433773
Qm: 0.15221 mmol/g
Correlation coefficient: 0.9972418
Molecular cross-sectional area: 0.1620 nm?

Relative Quantity 1/Q(p°/p - 1)]
Pressure Adsorbed
(p/p°) (mmol/g)
0.003963025 0.07122 0.05586
0.005068616 0.07522 0.06773
0.006454485 0.07953 0.08168
0.007847142 0.08227 0.09614
0.009117676 0.08626 0.10667
0.010441269 0.08832 0.11946
0.015998735 0.09582 0.16968
0.020680579 0.10115 0.20878
0.029035638 0.10979 0.27237
0.032078221 0.11167 0.29678
0.038420848 0.11493 0.34764
0.042453196 0.11959 0.37071
0.047581370 0.12252 040777
0.054973051 0.12835 0.45323
0.057465176 0.12896 047277
0.061162581 0.13227 0.49252
0.068703645 0.13345 0.55280
0.075550365 0.13680 0.59741
0.082166505 0.14032 0.63800
0.088615660 0.14288 0.68051
0.094774573 0.14545 0.71980
0.101607395 0.14875 0.76030
0.107781274 0.15152 0.79724
0.113950399 0.15180 0.84720
0.125839090 0.15588 0.92347
0.139434423 0.16307 0.99360
0.145747931 0.16607 1.02738
0.159124136 0.17207 1.09977

0.177631812 0.18068 1.19546



TUCSEAR THAMMASAT UNIVERSITY

3Flex 5.02

3Flex Version 5.02

Page 12 of 51

Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space: 62.8409 cm?
Low pressure dose: None
Automatic degas: No

Comments: Degassing [ C [ 'min

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Relative Quantity 1[Q(p°/p - 1)]
Pressure Adsorbed
(p/p°) (mmol/g)
0.191317927 0.18608 1.27137
0.204145573 0.19084 1.34410



TUCSEAR THAMMASAT UNIVERSITY

3Flex 5.02 3Flex Version 5.02 Page 13 of 51

Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

11Q(p°/p - 1)]

BET Surface Area Plot
O PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 + Not Fitted

3.0

1.0

0.0
I T T T T T T T T T T T T T T T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Relative Pressure (p/p°)

0.30 0.35 0.40 0.45 0.50

0.55



TUCSEAR THAMMASAT UNIVERSITY

3Flex 5.02 3Flex Version 5.02 Page 14 of 51
Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Langmuir Report

Langmuir surface area: 20.2712 £ 0.6127 m3g
Slope: 4.81269 + 0.14547 g/mmol
Y-intercept: 99.19 + 12.62 g/mmol-mmHg
b: 0.048520 1/mmHg
Qm: 0.20778 mmol/g
Correlation coefficient: 0.985694
Molecular cross-sectional area: 0.1620 nm?

Pressure Quantity p/Q

(mmHg) Adsorbed (g/mmol-mmHg)
(mmol/g)

3.018313 0.07122 42.38
3.860230 0.07522 51.32
4915252 0.07953 61.80
5.976118 0.08227 72.64
6.943783 0.08626 80.50
7.953136 0.08832 90.04
12.187099 0.09582 127.19
15.753960 0.10115 155.75
22.120550 0.10979 201.48
24438408 0.11167 218.85
29.275019 0.11493 254.71
32.347980 0.11959 270.48
36.259510 0.12252 295.96
41.895676 0.12835 326.42
43.801186 0.12896 339.65
46.621876 0.13227 352.47
52.371979 0.13345 39244
57.592831 0.13680 421.01
62.634518 0.14032 446.38
67.555443 0.14288 472.81
72.250237 0.14545 496.72
77.466721 0.14875 520.77
82.180412 0.15152 542.36
86.881310 0.15180 572.34
95.941246 0.15588 615.47
106.312126 0.16307 651.94
111.130280 0.16607 669.19
121.328667 0.17207 705.11

135.441589 0.18068 749.61



3Flex 5.02

Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

: PINF15-R2-640367-Port3

Analysis adsorptive
Analysis bath temp.
Thermal correction
Ambient free space

Page 15 of 51

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

1 N2

1 77.383 K

: No

1 18.8324 cm?® Measured

62.8409 cm?
None
No

Comments: Degassing [ C [ 'min

Equilibration interval: 5s
Sample density. 1.000 g/cm?

Pressure Quantity p/Q
(mmHg) Adsorbed (g/mmol-mmHg)
(mmol/g)

145.878845 0.18608 783.94
155.668015 0.19084 815.69
165.081772 0.19638 840.60
175.024307 0.19957 877.01
189.023087 0.20708 912.81



3Flex 5.02

Sample

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Page 16 of 51

Serial # 623 Unit1 Port3

. PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02

6/6/2564 0:25:42

9/6/2564 11:50:13

0.0343 g
62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

1,200

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Langmuir Surface Area Plot
O PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 + Not Fitted

+ +

Qo

p/Q (g/mmol-mmHg)

300

400
Pressure (mmHg)




3Flex 5.02

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02
Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:

Automatic degas:

9/6/2564
0.0343 g
62.8409
None
No

17:38:02

6/6/2564 0:25:42

11:50:13

cm?

Comments: Degassing [ C [ 'min

Micropore volume:
Micropore area:
External surface area:

Y-intercept:
Correlation coefficient:
Surface area correction factor:

Density conversion factor:
Total surface area (Langmuir):
Thickness range:
Thickness equation:

Page 17 of 51

Analysis adsorptive: N2

Analysis bath temp.: 77.383 K

Thermal correction: No

Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s

t-Plot Report
-0.003132 cm?/g

Slope:

Sample density. 1.000 g/cm?

23.4734 m3/g

0.067534 + 0.002260 mmol/g-A
-0.090120 + 0.005788 mmol/g
0.997212

1.000

0.0015507

20.2712 m3/g

2.2800t0 2.7958 A

Harkins and Jura

Thickness Curve
t=[13.99/(0.034 - log(p/p°))]170.5

t-Plot Report - Data

Relative Statistical Quantity Fitted
Pressure (p/p°) Thickness (A) Adsorbed
(mmol/g)
0.003963025 2.3965 0.07122 *
0.005068616 2.4508 0.07522 *
0.006454485 2.5080 0.07953 *
0.007847142 2.5573 0.08227 *
0.009117676 25971 0.08626 *
0.010441269 2.6348 0.08832 *
0.015998735 2.7650 0.09582 *
0.020680579 2.8533 0.10115
0.029035638 2.9841 0.10979
0.032078221 3.0261 0.11167
0.038420848 3.1068 0.11493
0.042453196 3.1543 0.11959
0.047581370 3.2114 0.12252
0.054973051 3.2883 0.12835
0.057465176 3.3130 0.12896
0.061162581 3.3488 0.13227
0.068703645 3.4187 0.13345
0.075550365 3.4792 0.13680
0.082166505 3.5354 0.14032
0.088615660 3.5884 0.14288
0.094774573 3.6375 0.14545



TUCSEAR THAMMASAT UNIVERSITY

3Flex 5.02 3Flex Version 5.02 Page 18 of 51
Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

t-Plot Report - Data

Relative Statistical Quantity Fitted
Pressure (p/p°) Thickness (A) Adsorbed
(mmol/g)
0.101607395 3.6907 0.14875
0.107781274 3.7376 0.15152
0.113950399 3.7835 0.15180
0.125839090 3.8698 0.15588
0.139434423 3.9656 0.16307
0.145747931 4.0091 0.16607
0.159124136 4.0999 0.17207
0.177631812 4.2230 0.18068
0.191317927 4.3125 0.18608
0.204145573 4.3956 0.19084
0.216473012 44750 0.19638
0.229488328 4.5585 0.19957
0.247832772 4.6760 0.20708
0.262565355 4.7704 0.21502
0.275111286 4.8511 0.22205
0.293807105 49719 0.22855
0.333352881 5.2319 0.24781
0.373542015 5.5049 0.27261
0.441016104 5.9928 0.30968
0.482484316 6.3176 0.33304
0.554584381 6.9452 0.37328
0.591003318 7.3016 0.39148
0.663201281 8.1167 0.43211
0.699801706 8.6030 0.45486

* The micropore area is not reported because either the micropore volume is negative or the calculated external surface
area is larger than the total surface area.



3Flex 5.02

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

Sample

File

: 5/6/2564 17:38:02
1 6/6/2564 0:25:42
1 9/6/2564 11:50:13
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

0.0343 g

62.8409 cm?

None
No

. PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
. C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02
Serial # 623 Unit1 Port3

Analysis adsorptive: N2

Page 19 of 51

Analysis bath temp.: 77.383 K

Thermal correction: No

Ambient free space: 18.8324 cm?® Measured

Equilibration interval: 5s

Sample density. 1.000 g/cm?

t-Plot

Harkins and Jura
O PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3 + Not Fitted

©
[oV]

o
N

0.1

0.0

4 5
Thickness (A)




TUCSEAR THAMMASAT UNIVERSITY

3Flex 5.02 3Flex Version 5.02 Page 20 of 51
Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?
Automatic degas: No

Comments: Degassing [ C [ 'min

BJH Adsorption Pore Distribution Report

Faas Correction
Harkins and Jura
t=[13.99/(0.034 - log(p/p°) )17 0.5

Width range: 17.000 to 3,000.000 A

Adsorbate property factor: 9.53000 A
Density conversion factor: 0.0015507
Fraction of pores open at both ends: 0.00

Pore Width Average Width Incremental Cumulative Incremental Cumulative

Range (A) A Pore Volume Pore Volume Pore Area (m?/g) Pore Area (m?/g)
(cm?3/g) (cm?3/g)

1810.1-436.4 5054 0.006495 0.006495 0.514 0.514
436.4-174.2 206.5 0.007854 0.014349 1.521 2.035
174.2-106.0 123.2 0.004493 0.018843 1.459 3.494
106.0 - 69.1 794 0.003633 0.022476 1.831 5.326
69.1-61.1 64.5 0.000945 0.023421 0.585 5.911
61.1-49.3 53.8 0.001726 0.025147 1.283 7.194
493-44.7 46.7 0.000759 0.025906 0.650 7.844
447 -37.2 40.2 0.001855 0.027761 1.845 9.689
37.2-337 35.3 0.001099 0.028860 1.246 10.935
33.7-28.8 30.8 0.001745 0.030606 2.264 13.199
28.8-26.3 274 0.001238 0.031844 1.807 15.005
26.3-24.0 25.0 0.000793 0.032636 1.268 16.274
24.0-229 234 0.000154 0.032790 0.263 16.536
229-223 22.6 0.000325 0.033115 0.576 17.112
223-215 21.8 0.000349 0.033464 0.639 17.751
21.5-20.5 21.0 0.000223 0.033688 0.426 18.177
20.5-19.3 19.6 0.000188 0.033876 0.385 18.562
19.3-18.6 18.9 0.000100 0.033976 0.211 18.773
18.6-18.0 18.3 0.000129 0.034105 0.282 19.055
18.0-17.0 17.5 0.000278 0.034383 0.637 19.692



3Flex 5.02

Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Page 21 of 51

Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

0.035

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

BJH Adsorption Cumulative Pore Volume (Larger)

Harkins and Jura : Faas Correction
—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3

Pore Volume (cm?g)

20

60

80 100 200
Pore Width (A)

400




3Flex 5.02

Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Page 22 of 51

Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

dV/dw Pore Volume (cm?®g-A)

—— PINF15-R2-640367-Port3

0.0005

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

BJH Adsorption dV/dw Pore Volume

Harkins and Jura : Faas Correction

: PINF15-R2-640367-Port3

0.0004

_+

0.0003

0.0002

™~

0.0001

0.0000

20

80

100 200
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

BJH Desorption Pore Distribution Report
Faas Correction
Harkins and Jura
t=[13.99/(0.034 - log(p/p°))]"0.5

Width range: 17.000 to 3,000.000 A
Adsorbate property factor: 9.53000 A
Density conversion factor: 0.0015507
Fraction of pores open at both ends: 0.00

Pore Width Average Width Incremental Cumulative Incremental Cumulative

Range (A) A Pore Volume Pore Volume Pore Area (m?/g) Pore Area (m?/g)
(cm?3/g) (cm?3/g)

1809.6 -170.0 181.7 0.012881 0.012881 2.836 2.836
170.0-149.9 158.6 0.001481 0.014362 0.374 3.210
149.9-112.9 125.8 0.002867 0.017229 0.911 4.121

1129-91.8 100.0 0.002189 0.019418 0.876 4,997
918-77.2 83.1 0.001776 0.021194 0.855 5.852
77.2-66.3 70.8 0.001332 0.022527 0.753 6.604
66.3-57.7 61.3 0.001278 0.023804 0.833 7.437
57.7-50.9 53.9 0.001213 0.025017 0.901 8.338
50.9-45.2 47.7 0.001280 0.026298 1.074 9.412
452-405 425 0.001092 0.027389 1.027 10.439
405-36.4 38.2 0.001438 0.028827 1.505 11.944
36.4-32.9 345 0.001383 0.030211 1.605 13.548
329-297 311 0.000843 0.031054 1.083 14.631
29.7-26.9 28.2 0.000822 0.031876 1.166 15.797
26.9-244 255 0.000761 0.032637 1.192 16.990
244 -221 23.1 0.000619 0.033256 1.071 18.061
22.1-19.8 20.8 0.000651 0.033907 1.251 19.312
19.8-17.7 18.7 0.000617 0.034523 1.322 20.634
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

BJH Desorption Cumulative Pore Volume (Larger)

Harkins and Jura : Faas Correction

0.035 —— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3

™~

~
AN

Pore Volume (cm?g)

0000 T T T T T T T T T T T T

20 40 60 80 100
Pore Width (A)
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3Flex Version 5.02 Page 25 of 51
Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02 Analysis adsorptive: N2

6/6/2564 0:25:42 Analysis bath temp.: 77.383 K

9/6/2564 11:50:13 Thermal correction: No

0.0343 g Ambient free space: 18.8324 cm® Measured
62.8409 cm? Equilibration interval: 5s

None Sample density. 1.000 g/cm?

No

Comments: Degassing [ C [ 'min

dV/dw Pore Volume (cm?®g-A)

BJH Desorption dV/dw Pore Volume

Harkins and Jura : Faas Correction

—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3

0.00040
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0.00025

0.00020
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0.00000
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Porosity Distribution by Invalid
Model: N2 - DFT Model
Method: Non-negative Regularization: 0.00000
Standard Deviation of Fit: 0.003339 mmol/g

Volume in Pores < 12.69 A 0.00000 cm3/g
Total Volume in Pores <= 1,172.33 A 0.02517 cm3/g
Area in Pores > 1,172.33 A 2.635m3g
Total Area in Pores >= 12.69 A 9.758 m3/g
Pore Table
Pore Width (A) Cumulative Incremental Cumulative Incremental
Pore Volume Pore Volume Pore Area (m?/g) Pore Area (m?/g)
(cm?/g) (cm?/g)
12.69 0.00000 0.00000 0.000 0.000
13.58 0.00000 0.00000 0.000 0.000
14.83 0.00005 0.00005 0.065 0.065
15.91 0.00029 0.00024 0.371 0.306
17.16 0.00031 0.00001 0.387 0.016
18.59 0.00031 0.00000 0.387 0.000
20.02 0.00031 0.00000 0.387 0.000
21.62 0.00031 0.00000 0.387 0.000
23.41 0.00031 0.00000 0.387 0.000
25.20 0.00065 0.00035 0.662 0.275
27.34 0.00112 0.00046 1.002 0.339
29.49 0.00180 0.00069 1.469 0.467
31.81 0.00249 0.00068 1.897 0.429
34.31 0.00363 0.00114 2.565 0.667
36.99 0.00444 0.00081 3.000 0.435
40.03 0.00528 0.00085 3.424 0.424
43.25 0.00614 0.00085 3.818 0.394
46.64 0.00695 0.00081 4.165 0.347
50.40 0.00761 0.00067 4.429 0.264
54.33 0.00829 0.00068 4.679 0.250
58.80 0.00892 0.00063 4.894 0.215
63.44 0.00953 0.00061 5.086 0.193
68.45 0.01019 0.00065 5.277 0.191
73.99 0.01077 0.00059 5.436 0.159
79.88 0.01137 0.00060 5.585 0.149
86.32 0.01207 0.00070 5.748 0.163
93.11 0.01273 0.00065 5.888 0.140
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Pore Table
Pore Width (A) Cumulative Incremental Cumulative Incremental
Pore Volume Pore Volume Pore Area (m?/g) Pore Area (m?/g)
(cm?/g) (cm?/g)

100.61 0.01332 0.00060 6.007 0.119
108.66 0.01397 0.00064 6.126 0.118
117.23 0.01461 0.00064 6.235 0.110
126.53 0.01523 0.00062 6.333 0.098
136.71 0.01581 0.00058 6.418 0.084
147.61 0.01632 0.00052 6.488 0.070
159.41 0.01680 0.00047 6.547 0.059
17210 0.01726 0.00047 6.601 0.054
185.86 0.01775 0.00048 6.654 0.052
200.69 0.01826 0.00051 6.705 0.051
216.60 0.01881 0.00055 6.756 0.051
233.93 0.01941 0.00059 6.807 0.051
252.52 0.02003 0.00063 6.856 0.050
272.71 0.02068 0.00064 6.903 0.047
294 .51 0.02116 0.00048 6.936 0.033
317.92 0.02164 0.00048 6.966 0.030
343.30 0.02222 0.00059 7.000 0.034
370.64 0.02274 0.00051 7.028 0.028
400.31 0.02319 0.00046 7.051 0.023
432.30 0.02350 0.00031 7.065 0.014
466.79 0.02378 0.00028 7.077 0.012
503.96 0.02411 0.00032 7.090 0.013
54417 0.02437 0.00026 7.100 0.010
587.60 0.02454 0.00017 7.105 0.006
634.42 0.02467 0.00014 7.110 0.004
684.99 0.02484 0.00016 7114 0.005
739.68 0.02494 0.00011 7117 0.003
798.65 0.02503 0.00009 7.119 0.002
862.45 0.02511 0.00008 7121 0.002
931.26 0.02515 0.00004 7122 0.001
1005.60 0.02517 0.00001 7122 0.000
1085.66 0.02517 0.00000 7122 0.000
1172.33 0.02517 0.00000 7122 0.000
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Porosity Distribution by Invalid
Model: N2 - DFT Model
Method: Non-negative Regularization: 0.00000
Standard Deviation of Fit: 0.003339 mmol/g

Isotherm Table

Relative Experimental Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.004594232 0.07356 0.08507 -0.01151 -0.156514
0.005915212 0.07797 0.08746 -0.00949 -0.121710
0.007526182 0.08159 0.08972 -0.00813 -0.099629
0.009468212 0.08686 0.09191 -0.00504 -0.058063
0.011783670 0.09019 0.09406 -0.00387 -0.042959
0.014515520 0.09394 0.09624 -0.00230 -0.024453
0.017706521 0.09782 0.09903 -0.00120 -0.012299
0.021398440 0.10194 0.10138 0.00056 0.005468
0.025631230 0.10658 0.10392 0.00266 0.024923
0.030442240 0.11076 0.10943 0.00133 0.011988
0.035865448 0.11357 0.11242 0.00115 0.010106
0.041930798 0.11913 0.11589 0.00324 0.027215
0.048663601 0.12331 0.11956 0.00375 0.030414
0.056084011 0.12868 0.12370 0.00498 0.038730
0.064206667 0.13279 0.12839 0.00440 0.033132
0.073040441 0.13553 0.13363 0.00190 0.014006
0.082588248 0.14050 0.13931 0.00119 0.008477
0.092847057 0.14462 0.14519 -0.00057 -0.003934
0.103808001 0.14979 0.15102 -0.00123 -0.008188
0.115456402 0.15218 0.15659 -0.00440 -0.028930
0.127772301 0.15688 0.16182 -0.00494 -0.031491
0.140730694 0.16370 0.16670 -0.00301 -0.018372
0.154301897 0.16990 0.17129 -0.00138 -0.008143
0.168452203 0.17645 0.17563 0.00083 0.004682
0.183144197 0.18295 0.18460 -0.00165 -0.009015
0.198337302 0.18869 0.18858 0.00011 0.000596
0.213988706 0.19534 0.19246 0.00288 0.014741
0.230053306 0.19976 0.20306 -0.00329 -0.016491
0.246484801 0.20639 0.20686 -0.00047 -0.002270
0.263235897 0.21539 0.21069 0.00469 0.021781
0.280259013 0.22425 0.22485 -0.00059 -0.002652
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Isotherm Table

Relative Experimental Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.297506303 0.23016 0.22879 0.00138 0.005978
0.314930797 0.23814 0.24339 -0.00525 -0.022058
0.332486212 0.24731 0.24755 -0.00023 -0.000945
0.350127310 0.25817 0.25191 0.00627 0.024270
0.367810607 0.26931 0.27438 -0.00507 -0.018837
0.385494202 0.27921 0.27886 0.00035 0.001245
0.403138310 0.28884 0.28346 0.00538 0.018639
0.420704991 0.29843 0.30080 -0.00238 -0.007967
0.438158900 0.30808 0.30522 0.00287 0.009302
0.455466807 0.31782 0.32329 -0.00547 -0.017221
0.472598106 0.32748 0.32731 0.00016 0.000502
0.489524394 0.33700 0.33119 0.00580 0.017224
0.506219923 0.34635 0.34903 -0.00268 -0.007727
0.522661209 0.35554 0.35253 0.00301 0.008461
0.538827300 0.36454 0.36971 -0.00517 -0.014186
0.554699600 0.37334 0.37294 0.00040 0.001060
0.570261598 0.38127 0.37614 0.00512 0.013432
0.585499227 0.38864 0.39091 -0.00227 -0.005837
0.600400090 0.39653 0.39403 0.00250 0.006309
0.614954293 0.40455 0.40929 -0.00474 -0.011717
0.629153311 0.41255 0.41240 0.00014 0.000344
0.642990828 0.42046 0.41559 0.00486 0.011567
0.656461716 0.42822 0.43033 -0.00211 -0.004919
0.669562697 0.43586 0.43358 0.00228 0.005225
0.682291925 0.44369 0.44823 -0.00454 -0.010239
0.694648683 0.45155 0.45147 0.00008 0.000182
0.706633508 0.45936 0.45469 0.00466 0.010148
0.718248010 0.46752 0.47017 -0.00265 -0.005667
0.729494929 0.47597 0.47319 0.00278 0.005837
0.740377605 0.48457 0.48744 -0.00287 -0.005930
0.750900388 0.49323 0.49024 0.00298 0.006050
0.761068285 0.50184 0.50473 -0.00289 -0.005753
0.770887017 0.51033 0.50735 0.00298 0.005845
0.780362606 0.51864 0.52406 -0.00542 -0.010457
0.789501607 0.52671 0.52658 0.00014 0.000257
0.798311174 0.53451 0.52910 0.00541 0.010114
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Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

: PINF15-R2-640367-Port3

Page 30 of 51

Automatic degas: No

Comments: Degassing [ C [ 'min

Isotherm Table

Relative Experimental Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.806798697 0.54214 0.54497 -0.00283 -0.005217
0.814971626 0.55040 0.54750 0.00290 0.005264
0.822837889 0.55924 0.56252 -0.00329 -0.005875
0.830405474 0.56847 0.56512 0.00335 0.005889
0.837682605 0.57792 0.58136 -0.00344 -0.005949
0.844677329 0.58748 0.58399 0.00349 0.005947
0.851397991 0.59702 0.60044 -0.00342 -0.005724
0.857852995 0.60646 0.60300 0.00347 0.005714
0.864050388 0.61573 0.61901 -0.00329 -0.005339
0.869998574 0.62475 0.62142 0.00333 0.005328
0.875705481 0.63350 0.63656 -0.00306 -0.004837
0.881179392 0.64192 0.63882 0.00310 0.004827
0.886428118 0.64994 0.65267 -0.00273 -0.004208
0.891459525 0.65762 0.65485 0.00276 0.004203
0.896281302 0.66513 0.66778 -0.00265 -0.003982
0.900900900 0.67262 0.66995 0.00267 0.003975
0.905325770 0.68019 0.68293 -0.00274 -0.004022
0.909563184 0.68792 0.68516 0.00276 0.004010
0.913620114 0.69585 0.69876 -0.00291 -0.004187
0.917503417 0.70402 0.70109 0.00293 0.004168
0.921219707 0.71245 0.71560 -0.00315 -0.004422
0.924775481 0.72113 0.71796 0.00317 0.004395
0.928177178 0.73006 0.73349 -0.00343 -0.004701
0.931430817 0.73923 0.73578 0.00345 0.004666
0.934542298 0.74861 0.75231 -0.00370 -0.004942
0.937517405 0.75819 0.75447 0.00371 0.004899
0.940361619 0.76793 0.77182 -0.00389 -0.005070
0.943080306 0.77780 0.77389 0.00391 0.005023
0.945678592 0.78778 0.79177 -0.00399 -0.005061
0.948161721 0.79783 0.79383 0.00400 0.005012
0.950534225 0.80793 0.80793 0.00000 0.000005
0.952800930 0.81805 0.82197 -0.00392 -0.004796
0.954966187 0.82811 0.82418 0.00393 0.004749
0.957034409 0.83781 0.84128 -0.00347 -0.004136
0.959009588 0.84707 0.84360 0.00347 0.004100
0.960896015 0.85592 0.85898 -0.00307 -0.003584
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Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02

Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

: PINF15-R2-640367-Port3

Page 31 of 51

File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Isotherm Table

Relative Experimental Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.962697208 0.86436 0.86129 0.00307 0.003556
0.964416981 0.87242 0.87517 -0.00275 -0.003153
0.966058910 0.88012 0.87736 0.00276 0.003131
0.967626274 0.88747 0.88747 0.00000 0.000001
0.969122529 0.89448 0.89677 -0.00228 -0.002553
0.970550597 0.90118 0.89889 0.00229 0.002537
0.971913695 0.90757 0.90950 -0.00194 -0.002132
0.973214507 0.91367 0.91173 0.00194 0.002121
0.974455774 0.91949 0.92105 -0.00157 -0.001702
0.975640416 0.92504 0.92347 0.00157 0.001694
0.976770699 0.93034 0.93034 0.00000 0.000000
0.977849126 0.93539 0.93655 -0.00116 -0.001238
0.978878021 0.94022 0.93906 0.00116 0.001233
0.979859591 0.94482 0.94582 -0.00100 -0.001055
0.980795979 0.94921 0.94821 0.00100 0.001051
0.981689274 0.95340 0.95340 0.00000 0.000000
0.982541502 0.95739 0.95809 -0.00070 -0.000729
0.983354270 0.96120 0.96050 0.00070 0.000727
0.984129488 0.96484 0.96525 -0.00042 -0.000432
0.984869003 0.96830 0.96789 0.00042 0.000430
0.985574186 0.97161 0.97176 -0.00015 -0.000158
0.986246824 0.97476 0.97461 0.00015 0.000158
0.986888289 097777 0.97765 0.00012 0.000121
0.987500012 0.98064 0.98057 0.00007 0.000074
0.988083303 0.98337 0.98330 0.00008 0.000078
0.988639593 0.98598 0.98600 -0.00002 -0.000022
0.989170074 0.98847 0.98872 -0.00025 -0.000249
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02 Analysis adsorptive: N2

6/6/2564 0:25:42 Analysis bath temp.: 77.383 K

9/6/2564 11:50:13 Thermal correction: No

0.0343 g Ambient free space: 18.8324 cm® Measured
62.8409 cm? Equilibration interval: 5s

None Sample density. 1.000 g/cm?

No

Comments: Degassing [ C [ 'min

Cumulative Surface Area (m?g)

Cumulative Surface Area vs. Pore Width

—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3
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Sample

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02 Page 33 of 51
Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

Incremental Surface Area (m?g)

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Incremental Surface Area vs. Pore Width
—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No

Sample mass:
Analysis free space:
Low pressure dose:

Automatic degas:

0.0343 g
62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

dA/dW Surface Area (m%g-A)

—— PINF15-R2-640367-Port3

Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

dA/dW Surface Area vs. Pore Width
: PINF15-R2-640367-Port3

0.10

0.05 l

0.00 + —+

50 100 500 1,000
Pore Width (A)
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Sample

TUCSEAR THAMMASAT UNIVERSITY

Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

3Flex Version 5.02

Page 35 of 51

Serial # 623 Unit1 Port3

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13

0.0343 g

62.8409 cm?

None
No

Comments: Degassing [ C [ 'min

dA/dlog(W) Surface Area (m?/g)

—— PINF15-R2-640367-Port3

. PINF15-R2-640367-Port3
Operator: TUCSEARO1

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

dA/dlog(W) Surface Area vs. Pore Width
: PINF15-R2-640367-Port3
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02
Completed: 6/6/2564 0:25:42
Reporttime: 9/6/2564 11:50:13

Sample mass: 0.0343 g
Analysis free space: 62.8409 cm?
Low pressure dose: None

Automatic degas: No

Comments: Degassing [ C [ 'min

Cumulative Pore Volume (cm3/g)

—+— PINF15-R2-640367-Port3

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Cumulative Pore Volume vs. Pore Width
: PINF15-R2-640367-Port3

0.025

0.015

0.010

0.000 -+ T T T

50

100 500 1,000
Pore Width (A)




3Flex 5.02
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Page 37 of 51

Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02
Completed: 6/6/2564 0:25:42
Reporttime: 9/6/2564 11:50:13

Sample mass: 0.0343 g

Analysis free space: 62.8409 cm?

Low pressure dose: None
Automatic degas: No

Comments: Degassing [ C [ 'min

Incremental Pore Volume (cm3/g)

—— PINF15-R2-640367-Port3

Analysis adsorptive: N2

Analysis bath temp.: 77.383 K

Thermal correction: No

Ambient free space: 18.8324 cm?® Measured

Equilibration interval: 5s

Sample density. 1.000 g/cm?

Incremental Pore Volume vs. Pore Width

: PINF15-R2-640367-Port3
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

dV/dW Pore Volume vs. Pore Width

0.00045——— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3

0.00040

0.00035

0.00030

-i<j-

0.00025

0.00020 | 1

0.00015 \

dV/dW Pore Volume (cm?g-A)

0.00010
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0.00005 H\&

0.00000 t l\
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Pore Width (A)
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

dV/dlog(W) Pore Volume (cm?g)

dV/dlog(W) Pore Volume vs. Pore Width
—+— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02 Analysis adsorptive: N2

6/6/2564 0:25:42 Analysis bath temp.: 77.383 K

9/6/2564 11:50:13 Thermal correction: No

0.0343 g Ambient free space: 18.8324 cm® Measured

62.8409 cm? Equilibration interval: 5s
None Sample density. 1.000 g/cm?
No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

Goodness of Fit
10 . Standard Deviation of Fit: 0.003339 mmol/g
0.9%
0.83
0.7:

03
0.2+ M
0 = E— : _,_f-}—’l"'_"'_;b_-]:
4 T F F T
+ + *
0.005 0.01 0.05 0.1 05

Relative Pressure (p/p°)
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02 Analysis adsorptive: N2

6/6/2564 0:25:42 Analysis bath temp.: 77.383 K

9/6/2564 11:50:13 Thermal correction: No

0.0343 g Ambient free space: 18.8324 cm® Measured

62.8409 cm? Equilibration interval: 5s
None Sample density. 1.000 g/cm?
No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

Goodness of Fit
Standard Deviation of Fit: 0.003339 mmol/g

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Relative Pressure (p/p°)
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Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Surface Energy Distribution by Invalid

Model: N2 - Modified Density Functional

Method: Non-negative Regularization: 0.00000
Standard Deviation of Fit: 0.000599 mmol/g

Total Area : 45.567 m?/g

Surface Energy Table

Energy Cumulative Incremental
(e/k) Area Area
(m?Qg) (m?Qg)
20.00 0.000 0.000
22.00 20.716 20.716
24.00 32.755 12.039
26.00 32.755 0.000
28.00 32.755 0.000
30.00 32.755 0.000
32.00 32.755 0.000
34.00 32.755 0.000
36.00 34.935 2.180
38.00 34.935 0.000
40.00 36.249 1.314
42.00 38.193 1.944
44.00 38.193 0.000
46.00 38.193 0.000
48.00 38.193 0.000
50.00 38.193 0.000
52.00 41.643 3.450
54.00 41.643 0.000
56.00 41.643 0.000
58.00 41.643 0.000
60.00 41.643 0.000
62.00 41.643 0.000
64.00 41.643 0.000
66.00 41.643 0.000
68.00 41.643 0.000
70.00 43.629 1.987
72.00 44.039 0.409
74.00 44.039 0.000
76.00 44.039 0.000
78.00 44.039 0.000
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TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02 Page 43 of 51
Serial # 623 Unit1 Port3

Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File

5/6/2564 17:38:02
6/6/2564 0:25:42
9/6/2564 11:50:13
0.0343 g

62.8409 cm?
None

No

Comments: Degassing [ C [ 'min

: PINF15-R2-640367-Port3

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Surface Energy Table

Energy Cumulative Incremental
(e/k) Area Area
(m?/g) (m?/g)
80.00 44.039 0.000
82.00 44.039 0.000
84.00 44.039 0.000
86.00 44.039 0.000
88.00 44.039 0.000
90.00 44.039 0.000
92.00 44.039 0.000
94.00 44.909 0.870
96.00 45.567 0.658
98.00 45.567 0.000
100.00 45.567 0.000
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Surface Energy Distribution by Invalid
Model: N2 - Modified Density Functional
Method: Non-negative Regularization: 0.00000
Standard Deviation of Fit: 0.000599 mmol/g

Isotherm Table

Relative Experimental  Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.003981072 0.07129 0.07153 -0.00023 -0.003271
0.004216965 0.07218 0.07233 -0.00015 -0.002022
0.004466836 0.07310 0.07318 -0.00008 -0.001085
0.004731513 0.07404 0.07407 -0.00003 -0.000349
0.005011872 0.07502 0.07500 0.00003 0.000351
0.005308844 0.07604 0.07595 0.00008 0.001074
0.005623413 0.07706 0.07694 0.00012 0.001612
0.005956621 0.07809 0.07794 0.00015 0.001983
0.006309573 0.07913 0.07895 0.00017 0.002182
0.006683439 0.08010 0.07998 0.00012 0.001443
0.007079458 0.08084 0.08102 -0.00018 -0.002210
0.007498942 0.08154 0.08206 -0.00052 -0.006360
0.007943282 0.08253 0.08311 -0.00059 -0.007089
0.008413951 0.08412 0.08416 -0.00005 -0.000540
0.008912509 0.08579 0.08522 0.00057 0.006654
0.009440609 0.08682 0.08627 0.00055 0.006347
0.010000000 0.08770 0.08731 0.00038 0.004381
0.010592537 0.08853 0.08835 0.00018 0.002049
0.011220185 0.08940 0.08939 0.00002 0.000178
0.011885022 0.09033 0.09042 -0.00009 -0.001005
0.012589254 0.09131 0.09146 -0.00015 -0.001599
0.013335214 0.09235 0.09251 -0.00016 -0.001734
0.014125375 0.09342 0.09357 -0.00015 -0.001575
0.014962357 0.09452 0.09465 -0.00012 -0.001321
0.015848932 0.09564 0.09575 -0.00012 -0.001216
0.016788040 0.09676 0.09689 -0.00013 -0.001360
0.017782794 0.09791 0.09806 -0.00015 -0.001538
0.018836491 0.09910 0.09927 -0.00017 -0.001684
0.019952623 0.10034 0.10051 -0.00017 -0.001684
0.021134890 0.10165 0.10179 -0.00014 -0.001344
0.022387211 0.10304 0.10308 -0.00004 -0.000391
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Isotherm Table

Relative Experimental Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.023713737 0.10452 0.10440 0.00012 0.001101
0.025118864 0.10604 0.10573 0.00031 0.002909
0.026607251 0.10757 0.10707 0.00050 0.004692
0.028183829 0.10906 0.10841 0.00065 0.005969
0.029853826 0.11039 0.10976 0.00063 0.005698
0.031622777 0.11141 0.11114 0.00027 0.002446
0.033496544 0.11243 0.11255 -0.00012 -0.001059
0.035481339 0.11339 0.11400 -0.00062 -0.005433
0.037583740 0.11445 0.11552 -0.00108 -0.009399
0.039810717 0.11635 0.11714 -0.00079 -0.006803
0.042169650 0.11936 0.11888 0.00049 0.004076
0.044668359 0.12090 0.12072 0.00018 0.001478
0.047315126 0.12234 0.12264 -0.00030 -0.002458
0.050118723 0.12448 0.12457 -0.00009 -0.000707
0.053088444 0.12697 0.12646 0.00051 0.003990
0.056234133 0.12870 0.12830 0.00040 0.003092
0.059566214 0.13095 0.13009 0.00085 0.006528
0.063095734 0.13273 0.13187 0.00086 0.006489
0.066834392 0.13291 0.13363 -0.00072 -0.005413
0.070794578 0.13444 0.13541 -0.00097 -0.007234
0.074989421 0.13651 0.13722 -0.00071 -0.005218
0.079432823 0.13894 0.13907 -0.00013 -0.000912
0.084139514 0.14114 0.14097 0.00017 0.001172
0.089125094 0.14309 0.14294 0.00015 0.001023
0.094406088 0.14529 0.14500 0.00029 0.001975
0.100000000 0.14797 0.14717 0.00080 0.005406
0.105925373 0.15074 0.14947 0.00128 0.008463
0.112201845 0.15167 0.15192 -0.00025 -0.001652
0.118850223 0.15314 0.15456 -0.00142 -0.009283
0.125892541 0.15591 0.15743 -0.00152 -0.009756
0.133352143 0.15990 0.16057 -0.00067 -0.004189
0.141253754 0.16395 0.16400 -0.00005 -0.000298
0.149623566 0.16782 0.16769 0.00012 0.000744
0.158489319 0.17178 0.17159 0.00019 0.001130
0.167880402 0.17618 0.17563 0.00055 0.003144
0.177827941 0.18077 0.17978 0.00099 0.005454
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Serial # 623 Unit1 Port3
Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP
Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Isotherm Table

Relative Experimental Fitted Quantity Absolute Relative
Pressure Quantity Adsorbed Residual Residual
(p/p°) Adsorbed (mmol/g) (mmol/g)
(mmol/g)

0.188364909 0.18496 0.18408 0.00088 0.004733
0.199526231 0.18913 0.18858 0.00055 0.002911
0.211348904 0.19411 0.19332 0.00079 0.004080
0.223872114 0.19820 0.19837 -0.00017 -0.000853
0.237137371 0.20232 0.20381 -0.00149 -0.007378
0.251188643 0.20885 0.20973 -0.00087 -0.004188
0.266072506 0.21698 0.21620 0.00078 0.003588
0.281838293 0.22476 0.22335 0.00142 0.006298
0.298538262 0.23062 0.23129 -0.00068 -0.002932
0.316227766 0.23877 0.24016 -0.00140 -0.005861
0.334965439 0.24875 0.25008 -0.00133 -0.005366
0.354813389 0.26118 0.26109 0.00010 0.000380
0.375837404 0.27389 0.27307 0.00082 0.003007
0.398107171 0.28610 0.28577 0.00033 0.001150
0.421696503 0.29897 0.29903 -0.00006 -0.000214
0.446683592 0.31287 0.31287 -0.00000 -0.000004
0.473151259 0.32779 0.32747 0.00031 0.000959
0.501187234 0.34354 0.34307 0.00047 0.001358
0.530884444 0.36012 0.35988 0.00024 0.000663
0.562341325 0.37737 0.37800 -0.00063 -0.001675
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Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02 Analysis adsorptive: N2
Completed: 6/6/2564 0:25:42 Analysis bath temp.: 77.383 K
Reporttime: 9/6/2564 11:50:13 Thermal correction: No
Sample mass: 0.0343 g Ambient free space: 18.8324 cm?® Measured
Analysis free space: 62.8409 cm? Equilibration interval: 5s
Low pressure dose: None Sample density. 1.000 g/cm?

Automatic degas: No

Comments: Degassing [ C [ 'min

Cumulative Surface Area vs. Energy
—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3
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20

Cumulative Surface Area (m?g)
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3Flex 5.02

Sample
Operator
Submitter
File

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02
Serial # 623 Unit1 Port3

: PINF15-R2-640367-Port3
: TUCSEARO1
: TU-CSEAR

: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02
6/6/2564 0:25:42

9/6/2564 1
0.0343 g

1:50:13

62.8409 cm?

None
No

Comments: Degassing [ C [ 'min

Incremental Surface Area (m?g)

—— PINF15-R2-640367-Port3

Incremental Surface Area vs. Energy
: PINF15-R2-640367-Port3

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?
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TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02
Serial # 623 Unit1 Port3

3Flex 5.02 Page 49 of 51

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR
File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

Started: 5/6/2564 17:38:02
Completed: 6/6/2564 0:25:42
Reporttime: 9/6/2564 11:50:13

Sample mass: 0.0343 g
Analysis free space: 62.8409 cm?
Low pressure dose: None

Automatic degas: No

Analysis adsorptive: N2
Analysis bath temp.: 77.383 K
Thermal correction: No
Ambient free space: 18.8324 cm?® Measured
Equilibration interval: 5s
Sample density. 1.000 g/cm?

Comments: Degassing [ C [ 'min

dA/d(Energy) vs. Energy
—— PINF15-R2-640367-Port3 : PINF15-R2-640367-Port3
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3Flex 5.02

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02 Page 50 of 51
Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02 Analysis adsorptive: N2

6/6/2564 0:25:42 Analysis bath temp.: 77.383 K

9/6/2564 11:50:13 Thermal correction: No

0.0343 g Ambient free space: 18.8324 cm® Measured

62.8409 cm? Equilibration interval: 5s
None Sample density. 1.000 g/cm?
No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

Goodness of Fit
10 . Standard Deviation of Fit: 0.000599 mmol/g
0.9%
0.83
0.7:

0.3
0.2 M
0.1 i J_'—'—'—"'H‘_-P
4 _'____|_,_FP—FP—"—’
0.005 0.01 0.05 0.1 0.5

Relative Pressure (p/p°)




3Flex 5.02

TUCSEAR THAMMASAT UNIVERSITY

3Flex Version 5.02 Page 51 of 51
Serial # 623 Unit1 Port3

Sample: PINF15-R2-640367-Port3
Operator: TUCSEARO1
Submitter: TU-CSEAR

Started:
Completed:
Reporttime:
Sample mass:
Analysis free space:
Low pressure dose:
Automatic degas:

File: C:\3Flex\data\R2-640367\PINF15-R2-640367-Port3.SMP

5/6/2564 17:38:02 Analysis adsorptive: N2

6/6/2564 0:25:42 Analysis bath temp.: 77.383 K

9/6/2564 11:50:13 Thermal correction: No

0.0343 g Ambient free space: 18.8324 cm® Measured

62.8409 cm? Equilibration interval: 5s
None Sample density. 1.000 g/cm?
No

Comments: Degassing [ C [ 'min

Quantity Adsorbed (mmol/g)

Goodness of Fit
Standard Deviation of Fit: 0.000599 mmol/g

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Relative Pressure (p/p°)
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MICROMERITICS INSTRUMENT CORPORATION

MicroActive AutoPore V9600 1.03 MicroActive AutoPore V9600 Version 1.03 Page 1 of 29
Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Summary Report

Intrusion Data Summary

Total intrusion volume at 59,960.94 psia: 17.3318 mL/g
Total pore area at 59,960.94 psia: 5.849 m?/g
Median pore diameter (volume) at 1.49 psia and 8.666 mL/g: 121.11264 ym
Median pore diameter (area) at 291.15 psia and 2.924 m?/g: 0.62120 ym
Average pore diameter (4V/A): 11.85292 ym
Bulk densityat 0.51 psia: 0.0557 g/mL
Apparent (skeletal) density at 59,960.94 psia: 1.6425 g/mL
Porosity: 96.6065 %



M| micromeritics’
MICROMERITICS INSTRUMENT CORPORATION

MicroActive AutoPore V9600 1.03 MicroActive AutoPore V9600 Version 1.03 Page 2 of 29
Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Cumulative Intrusion vs Pressure

—+— Infrusion for Cycle 1
—o— Extrusion for Cycle 1

-
o

(@)

Cumulative Intrusion (mL/g)

0.1 1,000
Pressure (psia)



MicroActive AutoPore V9600 1.03

Sample ID
Operator

M| micromeritics’
MICROMERITICS INSTRUMENT CORPORATION

MicroActive AutoPore V9600 Version 1.03
Serial # 130 Port 1/1

: PINF15-R2-640368-Port1-R2
: TUCSEARO1

Submitter:

File

LP Analysis Time:
HP Analysis Time:

25/5/2564 15:48:50
25/5/2564 17:14:44

: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

Sample Mass: 0.0124 g
Stem Volume Used: 56 %

Page 3 of 29

Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C
Rec. Contact Angle: 130.000 °
Pressure
Mean Cumulative Incremental Cumulative Incremental
Pressure Diameter Pore Volume Pore Volume Pore Area Pore Area
(psia) (um) (mL/g) (mL/g) (m?g) (m?g)
0.51 358.08908 0.0000 0.0000 0.000 0.000
Pore Size
Mean Cumulative Incremental Cumulative Incremental
Pressure Diameter Pore Volume Pore Volume Pore Area Pore Area
(psia) (um) (mL/g) (mL/g) (m?g) (m?/g)
59960.94 0.00302 17.3318 0.0000 5.849 0.000
Percent Intrusion
Mean Cumulative Incremental Cumulative Incremental
Pressure Diameter Pore Volume Pore Volume Pore Area Pore Area
(psia) (um) (mL/g) (mL/g) (m?/g) (m?/g)
0.51 358.08908 0.0000 0.0000 0.000 0.000

Pore Structure Summary

Permeability: 257.4139 mdarcy
Threshold pressure: 71.39 psia (Calculated)
Characteristic length: 2.53342 ym
Conductivity formation factor: 9.064 (Calculated)
Tortuosity factor: -0.006



M| micromeritics’
MICROMERITICS INSTRUMENT CORPORATION

MicroActive AutoPore V9600 1.03 MicroActive AutoPore V9600 Version 1.03 Page 4 of 29
Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Pore Structure Summary
Tortuosity: 22.3142
Percolation fractal dimension: 3.000
Backbone fractal dimension: 2.977

Physical Properties
Interstitial porosity: 25.9500 %
Breakthrough pressure ratio: 8.3200
Linear coefficient: 3.4551e-308 1/psia
Quadratic coefficient: 8.3811e-315 1/psia?

Peak Parameters

Minimum valley depth to separate peaks: 0.0000 %
Minimum percent of distribution to report: 0.0000 %

Peak Table
Min Pore Max Pore Percent of Median Mode Diameter Total Pore
Number Diameter (um) Diameter (um) Distribution Diameter (um) (Mm) Volume (mL/g)
1 60.33413 358.08908 70.52 201.56551 90.57297 12.2218
2 7.24053 60.33413 22.44 33.17172 45.21208 3.8892
3 472186 7.24053 1.23 6.40775 6.03671 0.2133
4 2.05462 472186 242 2.87025 2.48191 0.4186
5 0.55153 2.05462 248 1.46515 1.60729 0.4291
6 0.34934 0.55153 0.37 0.46234 0.43275 0.0650
7 0.22677 0.34934 0.22 0.29518 0.28353 0.0374
8 0.05035 0.22677 0.33 0.15331 0.18311 0.0574



M| micromeritics’
MICROMERITICS INSTRUMENT CORPORATION

MicroActive AutoPore V9600 Version 1.03
Serial # 130 Port 1/1

MicroActive AutoPore V9600 1.03 Page 5 of 29

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50
HP Analysis Time: 25/5/2564 17:14:44
Report Time: 9/6/2564 18:45:39
Report Range: 0.10 to 61,000.00 psia
Adv. Contact Angle: 130.000 °
Rec. Contact Angle: 130.000 °

Sample Mass: 0.0124 g
Stem Volume Used: 56 %
Show Neg. Int: No
Correction Type: None
Mercury Temperature: 21.21 °C

Tabular Report

dV/dlogD dv/dD Cumulative Incremental
Pressure Pore Diameter ~ Pore Volume Pore Volume Pore Volume Pore Volume
(psia) (um) (mL/g) (mL/g/um) (mL/g) (mL/g)
0.51 358.08908 0.000 x 10O 0.000 x 10O 0.0000 0.0000
2.00 90.57297 1.802 x 101 4.021 x1O'2 10.7576 10.7576
3.00 60.33413 8.299 x 100 4.842 x10'2 12.2218 1.4642
4.00 45.21208 9.644 x 10o 7.992 x10'2 13.4303 1.2085
5.50 32.91285 5.459 x10O 6.120 x10'2 14.1831 0.7527
5.99 30.17583 4717 x 100 6.498 x1O'2 14.3609 0.1779
7.49 24.15049 4.154 x 100 6.668 x10'2 14.7627 0.4018
8.49 2130175  3496x10°  6.690x1072 14.9533 0.1906
10.48 17.25903 3.249 x 10O 7.346 x10'2 15.2503 0.2970
12.97 13.94085 2723 x 100 7.610 x1O'2 15.5028 0.2525
15.96 11.33106 2.399 x 100 8.276 x10'2 15.7187 0.2160
19.99 9.04797 2178 x10o 9.321 x10'2 15.9315 0.2128
24 .98 7.24053 1.854 x 10O 9.929 x10'2 16.1110 0.1795
29.96 6.03671 1.870 x 100 1.227 x10'1 16.2587 0.1477
38.30 4.72186 6.154 x10'1 4.994 x10'2 16.3243 0.0657
48.23 3.75036 7.766 x10°" 7.997 x1072 16.4020 0.0777
58.02 3.11717 9.290 x10"I 1.178 x10"I 16.4766 0.0746



Mj micromeritics®

MICROMERITICS INSTRUMENT CORPORATION

MicroActive AutoPore V9600 1.03

Sample ID
Operator

MicroActive AutoPore V9600 Version 1.03
Serial # 130 Port 1/1

Page 6 of 29

: PINF15-R2-640368-Port1-R2

: TUCSEARO1

Submitter:
: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

File

LP Analysis Time: 25/5/2564 15:48:50
HP Analysis Time: 25/5/2564 17:14:44
Report Time: 9/6/2564 18:45:39
Report Range: 0.10 to 61,000.00 psia

Adv. Contact Angle: 130.000 °
Rec. Contact Angle: 130.000 °

Sample Mass: 0.0124 g
Stem Volume Used: 56 %
Show Neg. Int: No
Correction Type: None
Mercury Temperature: 21.21 °C

Tabular Report

dV/dlogD dv/idD Cumulative Incremental
Pressure Pore Diameter  Pore Volume Pore Volume Pore Volume Pore Volume
(psia) (Hm) (mL/g) (mL/g/um) (mL/g) (mL/g)

72.87 248191 1.553x100 2.4']9x']0-1 16.6303 0.1537
88.03 2.05462 1.372 x 100 2.636 x1 0-1 16.7429 0.1126
112,53 160729  1505x10°  3.587x10" 16.9034 0.1605
137.51 1.31528 1.155x10 3.446x10_‘I 17.0040 0.1006
172.83 1.04650 5.601 x 1 O-1 2.069 x1 O-1 17.0596 0.0556
217.89 0.83007 4.361 x10-1 2.027 x10-1 17.1035 0.0439
267.40 0.67637 4.353 x10_1 2.519 x10_1 17.1422 0.0387
327.93 0.55153 3.363 x10_‘I 2.387 x10_‘I 171720 0.0298
417.94 0.43275 4.041 X1O-1 3.583 X1O-1 17.2146 0.0426
517.73 0.34934 2408 x1 0-1 2.685 x1 0-1 17.2370 0.0224
637.91 0.28353 2.469 x1 0_1 3.401 x1 0_1 17.2593 0.0224
797.56 0.22677 1.544 x1 0_‘I 2.640 x1 0_‘I 17.2743 0.0150
987.75 0.18311 1.688 X1O-1 3.592 X1O-1 17.2900 0.0157
1197.55 0.15103 1.654x10-1 4.313x10-1 17.3038 0.0138
1496.87 0.12083 1.042x10_1 3.343x‘10_1 17.3139 0.0101
1896.22 0.09538 8.337 x10'2 3.365 x10"I 17.3225 0.0086
2345.74 0.07710 6.311 X1O-2 3.190 X1O-1 17.3283 0.0058
2894.29 0.06249 3.772 x1 0-2 2.356 x1 0-1 17.3318 0.0034
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MicroActive AutoPore V9600 1.03 MicroActive AutoPore V9600 Version 1.03 Page 7 of 29
Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Tabular Report

dV/dlogD dv/idD Cumulative Incremental
Pressure Pore Diameter  Pore Volume Pore Volume Pore Volume Pore Volume
(psia) (Hm) (mL/g) (mL/g/um) (mL/g) (mL/g)
3591.92 0.05035 0.000 x 100 0.000 x 100 17.3318 0.0000
4490.06 0.04028 0.000 x 100 0.000 x 100 17.3318 0.0000
5581.51 0.03240 0.000 x 10O 0.000 x 10O 17.3318 0.0000
6871.23 0.02632 0.000 x 10O 0.000 x 10O 17.3318 0.0000
857247 0.02110 0.000 x100 0.000 x100 17.3318 0.0000
10572.93 0.01711 0.000 x 100 0.000 x 100 17.3318 0.0000
13162.69 0.01374 0.000 x 10O 0.000 x 10O 17.3318 0.0000
14772.22 0.01224 0.000 x10O 0.000 x10O 17.3318 0.0000
16372.73 0.01105 0.000 x100 0.000 x100 17.3318 0.0000
19968.54 0.00906 0.000 x 100 0.000 x 100 17.3318 0.0000
24992.19 000724  0.000x10°  0.000x10° 17.3318 0.0000
29994.86 0.00603 0.000 x 10O 0.000 x 10O 17.3318 0.0000
34995.48 0.00517 0.000 x 100 0.000 x 100 17.3318 0.0000
39995.89 0.00452 0.000 x 100 0.000 x 100 17.3318 0.0000
44993.75 0.00402 0.000 x 10o 0.000 x 10o 17.3318 0.0000
49965.13 0.00362 0.000 x 10O 0.000 x 10O 17.3318 0.0000
54964.71 0.00329 0.000 x 100 0.000 x 100 17.3318 0.0000
0 0

59960.94 0.00302 0.000x10 0.000 x10 17.3318 0.0000
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MicroActive AutoPore V9600 Version 1.03 Page 8 of 29
Serial # 130 Port 1/1

MicroActive AutoPore V9600 1.03

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50
HP Analysis Time: 25/5/2564 17:14:44
Report Time: 9/6/2564 18:45:39
Report Range: 0.10 to 61,000.00 psia
Adv. Contact Angle: 130.000 °
Rec. Contact Angle: 130.000 °

Sample Mass: 0.0124 g

Stem Volume Used: 56 %

Show Neg. Int: No
Correction Type: None

Tabular Report

Mercury Temperature: 21.21 °C

dV/dlogD dv/idD Cumulative Incremental
Pressure Pore Diameter  Pore Volume Pore Volume Pore Volume Pore Volume
(psia) (Hm) (mL/g) (mL/g/um) (mL/g) (mL/g)

46101.02 0.00392 3.336 X1O-1 4.200 x101 17.2937 -0.0381
35502.24 0.00509 0.000 x 100 0.000 x 100 17.2937 0.0000
27307.31 0.00662 0.000 x 10O 0.000 x 10O 17.2937 0.0000
21012.94 0.00861 0.000 x 10O 0.000 x 10O 17.2937 0.0000
16014.12 0.01129 0.000x100 0.000x100 17.2937 0.0000
12413.84 0.01457 0.000 x 100 0.000 x 100 17.2937 0.0000
9625.51 0.01879 0.000 x 10O 0.000 x 10O 17.2937 0.0000
7328.02 0.02468 0.000 x 10O 0.000 x 10O 17.2937 0.0000
5713.38 0.03166 0.000 x 100 0.000 x 100 17.2937 0.0000
4303.03 0.04203 0.000 x 100 0.000 x 100 17.2937 0.0000
3303.49 0.05475 0.000 x 10o 0.000 x 10o 17.2937 0.0000
2603.27 0.06948 0.000 x 10O 0.000 x 10O 17.2937 0.0000
2002.20 0.09033 0.000 x 100 0.000 x 100 17.2937 0.0000
1501.54 0.12045 0.000 x 100 0.000 x 100 17.2937 0.0000
1201.14 015058  0.000x10°  0.000x10° 17.2037 0.0000
901.53 0.20062 0.000 x 10O 0.000 x 10O 17.2937 0.0000
701.55 0.25780 0.000 x 100 0.000 x 100 17.2937 0.0000
501.44 0.36069 0.000 x 100 0.000 x 100 17.2937 0.0000
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MicroActive AutoPore V9600 1.03 MicroActive AutoPore V9600 Version 1.03 Page 9 of 29
Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Tabular Report

dV/dlogD dv/idD Cumulative Incremental
Pressure Pore Diameter Pore Volume Pore Volume Pore Volume Pore Volume
(psia) (um) (mL/g) (mL/g/um) (mL/g) (mL/g)
401.28 045072 0000x10°  0.000x10° 172937 0.0000
301.26 060036  0000x10°  0.000x10° 172937 0.0000
24113 075008  0000x10°  0.000x10° 172937 0.0000
191.26 094564  0000x10°  0.000x10° 172937 0.0000
146.18 123728  0.000x10°  0.000x10° 172937 0.0000
11123 162604  0.000x10°  0.000x10° 172937 0.0000
85.94 210465  0.000 x10 0.000 x10° 172937 0.0000
66.65 271352 3206x10  5810x1072 172583 -0.0354
51.26 352839  6409x107  8.969x1072 171852 -0.0731
31.75 560723  7.823x107  7.505x1072 17.0224 -0.1628
2

16.65 10.86234 9.903 x10_1 5.374 x10 16.7449 -0.2776
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MicroActive AutoPore V9600 1.03 MicroActive AutoPore V9600 Version 1.03 Page 10 of 29

Cumulative Intrusion (mL/g)

Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Cumulative Intrusion vs Pressure
—+— Intrusion for Cycle 1 —e— Extrusion for Cycle 1

10

(@]
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0.5 50 5,000
Pressure (psia)
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Incremental Intrusion (mL/g)

Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Incremental Intrusion vs Pressure
—+— Intrusion for Cycle 1
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Differential Intrusion (mL/g/um)
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50
HP Analysis Time: 25/5/2564 17:14:44
Report Time: 9/6/2564 18:45:39
Report Range: 0.10 to 61,000.00 psia
Adv. Contact Angle: 130.000 °
Rec. Contact Angle: 130.000 °

Sample Mass: 0.0124 g
Stem Volume Used: 56 %
Show Neg. Int: No
Correction Type: None
Mercury Temperature: 21.21 °C

Differential Intrusion vs Pore size
—+— Intrusion for Cycle 1
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Cumulative Pore area (m?Q)

Sample ID
Operator
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Serial # 130 Port 1/1

: PINF15-R2-640368-Port1-R2
: TUCSEARO1

Submitter:

File

LP Analysis Time: 25/5/2564 15:48:50
HP Analysis Time: 25/5/2564 17:14:44

Report Time: 9/6
Report Range: 0.1

Adv. Contact Angle: 130.000 °

: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

Sample Mass: 0.0124 g
Stem Volume Used: 56 %
/2564 18:45:39 Show Neg. Int: No
0 t0 61,000.00 psia Correction Type: None
Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Cumulative Pore Area vs Pore size

—+— Intrusion for Cycle 1
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Log Differential Intrusion (mL/g)

Sample ID

MicroActive AutoPore V9600 Version 1.03

Serial # 130 Port 1/1

Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

: PINF15-R2-640368-Port1-R2

Page 14 of 29

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C
Rec. Contact Angle: 130.000 °
Log Differential Intrusion vs Pore size
—+— Intrusion for Cycle 1
15
10
5
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Differential Intrusion vs Pore size

—+— Intrusion for Cycle 1 —e— Extrusion for Cycle 1
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Log Differential Intrusion (mL/g)

Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Log Differential Intrusion vs Pore size

—+— Intrusion for Cycle 1 —e— Extrusion for Cycle 1
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:

File: \10.202.1.6\Report_P...\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Difference From Reference % Volume vs Pore size
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:

File: \10.202.1.6\Report_P...\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Out Of Specification % Volume vs Pressure
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Differential Intrusion vs Pore size

—+— Intrusion for Cycle 1 —e— Extrusion for Cycle 1
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:

File: \10.202.1.6\Report_P...\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Material Compressibility

There were not enough data points in the selected pressure range to determine good
compressibility results.
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:

File: \10.202.1.6\Report_P...\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Material Compressibility

There were not enough data points in the selected pressure range to determine good
compressibility results.
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Cavity to Throat Size Ratio

Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Cavity to Throat Size Ratio

10
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Cavity to Throat Size Ratio
Percent Porosity Cavity to Throat

Filled (%) Size Ratio
97.5283 4.785
98.1089 4.544
98.4297 4.932
98.6828 5.500
98.9062 6.010
99.0782 6.693
99.3237 7.468
99.4529 8.620
99.5821 9.508
99.6685 10.750

99.7590 11.840
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Volume (mL/g)

Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Volume Scaling
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Fractal Dimension In Backbone Formation Summary
Threshold Pressure: 71.39 psia (Calculated)
Pressure Range: 10.00 - 280.00 psia

Fractal Dimension: 2.977
RMS Error: 0.0464 mL/g
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Fractal Dimension In Backbone Formation Region
Volume, Predicted

Volume (mL/g)
>
o]

16.7

80 90 100 200
Pressure above Threshold (psia)
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Fractal Dimension In Percolation Region Summary
Threshold Pressure: 71.39 psia (Calculated)
Pressure Range: 2,500.00 - 10,000.00 psia
Fractal Dimension: 3.000
RMS Error: 0.0000 mL/g
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1
Submitter:
File: \10.202.1.6\Report_P..\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50 Sample Mass: 0.0124 g
HP Analysis Time: 25/5/2564 17:14:44 Stem Volume Used: 56 %
Report Time: 9/6/2564 18:45:39 Show Neg. Int: No
Report Range: 0.10 to 61,000.00 psia Correction Type: None
Adv. Contact Angle: 130.000 ° Mercury Temperature: 21.21 °C

Rec. Contact Angle: 130.000 °

Fractal Dimension In Percolation Region
Volume, Predicted

17.331780

17.331775

Volume (mL/g)
1

17.331770

17.331765

4,000 6,000 8,000
Pressure above Threshold (psia)
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Serial # 130 Port 1/1

Sample ID: PINF15-R2-640368-Port1-R2
Operator: TUCSEARO1

Submitter:

File: \10.202.1.6\Report_P...\PINF15-R2-640368-Port1-R2.SMP

LP Analysis Time: 25/5/2564 15:48:50

HP Analysis Time: 25/5/2564 17:14:44

Report Time: 9/6/2564 18:45:39
Report Range: 0.10 to 61,000.00 psia

Adv. Contact Angle: 130.000 °

Rec. Contact Angle: 130.000 °

Sample log

Sample Mass: 0.0124 g

Stem Volume Used: 56 %

Show Neg. Int: No
Correction Type: None

Mercury Temperature: 21.21 °C

Log Message

Date Time
25/5/2564 15:33:43
25/5/2564 15:48:50
25/5/2564 16:30:10
25/5/2564 17:14:44

Starting low pressure analysis
Finished low pressure analysis
Starting high pressure analysis
Finished high pressure analysis
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