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## 5471981023 : MAJOR FUEL TECHNOLOGY

KEYWORDS : CO, REMOVAL / H,S REMOVAL / AMINE / ADSORPTION
TIPPAYARAT WONGSANGA: ADSORPTION OF CO, AND H,S USING
FUMED SILICA MODIFIED WITH AMINES. ADVISOR : PROF. PATTARAPAN
PRASASSARAKICH, Ph.D., CO-ADVISOR : BOONYAWAN YOOSUK, Ph.D.,
104 pp.

The high porosity adsorbents, activated alumina, calcined alumina and fumed
silica modified by the addition of amine solution were prepared for CO, and H,S
adsorption. The effect of variables, support type, amine type (polyethyleneimine (Mw.
800), aminoethyl ethanolamine,  N-(3-trimethoxysilypropyl)  diethylenetriamine,
diethylenetriamine, triethylenetetramine and tetraethylenepentamine) and amount of
amine loading on CO, and H,S adsorption were investigated. The adsorbent was also
characterized by Fourier Transform Infrared Spectroscopy (FT-IR), CHN Analyzer,
Brunauer Emmett Teller Analyzer (BET), Thermo Gravimetric Analysis (TGA) and
Scanning Electron Microscope (SEM). The results showed that the addition of amine
groups enhanced carbon dioxide and hydrogen sulfide removal efficiency and the
adsorbent had a good selectivity of acid gasses. For CO, adsorption, FSi-PEI800-40
gave a good breakthrough and saturation capacity of 3.494 mmol/g-sorb and 4.673
mmol/g-sorb, respectively. For H,S adsorption, FSi-PEI800-40 gave a good
breakthrough and saturation capacity of 0.063 mmol/g-sorb and 0.097 mmol/g-sorb,
respectively. This result indicated that the adsorbents are promising for removing carbon
dioxide and hydrogen sulfide. Moreover, FSi-PEI800-40 had good regenerability and

stability with repeating adsorption — desorption cycles.
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_ Q°bCe
Qe = (1+bCe)
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ge bQ°  Q° (2:2)

\WanAaanaWIzning Culg, Nu C, 3 ldnTWiduass faadauni Cia, 1iu

1/bQ° wazlANUTHLYINAL 1/ Q°
2.4.2 lalemanuuunsaadaz (Freundlich isotherm)

lutla.¢. 1880-1941 waFNF-LANT1L88TAIW Herbert Max Finlay Freundlich ¢t

Lauaawmﬂmmmmé’uﬁufﬂ%mmmaomsgng}wﬁ'uﬁ'umwmimim AIRITAZANLAI

JUNT (2.3)
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9 U

NnaunINsessa Walaaani3ny (logarithm) 2z laauns

X 1
logq. = log; = logks + (H) logC. (2.4)

a =

\WawdaanWIzning log X/m AU log C, Namwnniliaed ﬁ):vl@i”nmméfumaﬁg@é'@

U

WABENINTDINNIAAT K, boUazANNTULaInTIWLEY 1/ uanTdlAindaanTwszning
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1900-1985 Paul Emmett a2 Edward Teller VL@T?iﬂH'm'ﬁgwﬁ'u%mﬂ%'uuazl,auaﬁaaums

(2.5)
PP, _ 1 P
V(Po-P) V0k+ P, (2:5)
h) P = ANUAUFUQATBIFIONQATY

o A s
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) /Py 1.0
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RNH, + CO, =—> RN'NH, + R,NCO, (2.6)
2R,NH + CO, == R,NH, + R,NCO, 2.7)
RN +CO, === R;NH +HCO, (2.8)
2RNH, + H,S == (RNH,),S (2.9)
R,NH + H,S == R,NH, + SH’ (2.10)
RN + H,S === R,;NH +SH (2.11)
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1o R ad %HLLBE‘]@]E‘]

A a a aaa A o 12 Y A a 6 A a & a a
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2) MU uuladivasnuan (Pressure swing adsorption) : mww&u%gnamﬁmﬁ
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' v & { . ' I3 { o [ a X
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U
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6 6 v 6 v [ dld a a 1 s (%
arvanlasenloduazlalasaudalnd laslddrgadundiedusiadisguudizesiu
nanasgaduaivaulasanlodidudu 10% lasdiuaslundalulasiau nanudu
USTINMA gmannil 80 AIFLTALTUR DOINNITIRALAE 5 UadaaIaauIN NARDIATL
lalavauta Wt utn 1% lasdsunasluuialnlasian NaNNawLITIINIe gmAnni 30
AIALTALTYR AOIINITIAALAR 10 JaRaaIdawIf awu%%’yﬁﬂmaag@%’u
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asuanlasanboduazlalasanda W luuisnay drgasasdinsaluuuiuaiis Naaw

AULIILIMA IAAMNTNTUUIRVIDONAY Micro gas chromatography

3.1 @15LANN T Ikn1INaass

Chemicals Grade Company
Activated Alumina Commercial SUMITOMO
CHEMICALS
Calcined Alumina Commercial NIC INTERCHEM
Fumed Silica Commercial Concrete composite
Methanol Commercial Carlo Erba
Polyethyleneimine Mw 800 (PEI800) Branched Sigma Aldrich
Aminoethylethanolamine (AEEA) Sigma Aldrich
N- 3-(trimethoxysilyl)-propydiethylene
triamine (TRI) Sigma Aldrich
Diethylenetriamine (DETA) ReagentPlus Sigma Aldrich
Triethylenetetramine (TETA) Technical grade Sigma Aldrich
Tetraethylenepentamine (TEPA) Technical grade Sigma Aldrich
Molecular sieve 5A Pallets, 1.6 mm. PRAXAIR
CO, 10% balance in N, TIG
H,S 10% balance in N, TIG
Mixed gas 75% CH,, 20% CO,, 0.35% H,S
balance in N, PRAXAIR

N, 99.999%
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, i
3.2 Lﬂ%aaﬁauaxqﬂnimmﬁumsﬂmm

1. nsadlianuiauuazniuasiail (Hot plate and stirrer) ju IKA-RCT basic

a

284 IKA wiaudrahaiuaiuguamnnd
2. quﬂ%aaLLﬁ’s
3. In33uasns 8%a IKEA

tA18Y (Oven) 8%a Memmert

o &

[ 6 6 g 6
qﬂﬂﬁsmaaamig}mumiuauvl,@aaﬂVLéﬁ@LLa:VLaIMLQuGﬁaVLWQ
6. whalasunlnnnwuIaLan (Micro gas chromatograph) 3% 490-GC 91N

131N Varian

°

ANNMNTY (Desciccator)

N
23

U
=) [

8. Lﬂia\ﬁLﬂi’w‘ﬂﬂﬁa%’mhll,aqamadﬁ’mwﬁu (Fourier transform infrared

2

spectroscopy: FT-IR) 3% System 2000 fi%o Perkin Elmer

9. Lﬂéaaﬁl,ﬂiwzﬁﬁw@;ﬂﬁ%uau, lulasian uazeanBian (CHN  Analyzer) ju
Truespec 628 ﬁﬁa LEGO

10. 1A% ”@ﬁuﬁﬁ’;LLa:mm@EwguIm%%‘ﬁSﬁ (Surface area and porosity
analyzer) qfu Autosorb-1 ﬁﬁa Quantachrome

11, 103a95A i RuT anI9RNTau (Thermogravimetric analyzer: TGA) %
Pyris Diamond ﬁ A8 Perkin Elmer

12, 15093 LAITRATHIININGT (Scanning electron microscope: SEM) I S-

3400N fiwa Hitachi

3.3 35n1neaad

3.3.1 NMILATHAAIAATL

dgaduiaiualdlasisnsdeda (Impregnation  Method) zaslafiu 6 ia da
Polyethyleneimine maimaqa 800 (PEI800) , Aminoethylethanolamine (AEEA), N- 3-(tri
methoxysilyl)propyldiethylenetriamine (TRI), Diethylenetriamine (DETA), Triethylene
tetramine (TETA), Tetraethylenepentamine (TEPA) VUAITITU A TEIB 20, 30, 40,

50 WAz 60 %laUiwin Vlﬁél'ag@eﬁ'uﬁamﬁaﬁ 3.1 laaiaua awnIILaI U NAIT
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ARDALIAN
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méhg]mmL@]’%ﬂu"lﬁamﬂumauﬁU@ ﬁ]:"l,ﬁé'agwﬁ‘umuﬁaams

l:l |2 Q o a s 1 dl a
M13191N 3.1 ﬂill’]m‘l]EN(?"]’J@@]‘IT‘]JLLG&E]EJW‘E%@@]’N G]‘Y]L@]SJENVL‘]J

Sample code Adsorbent (wt.%) Amine (wt.%)
Act-Al,05-PEI800-20 80 20
Cal-Al,05-PEI800-20 80 20
FSi-PEI800-20 80 20
FSi-AEEA-20 80 20
FSi-TRI-20 80 20
FSi-DETA-20 80 20
FSi-TETA-20 80 20
FSi-TEPA-20 80 20
FSi-PEI800-30 70 30
FSi-PEI800-40 60 40
FSi-PEI800-50 50 50

FSi-PEI800-60 40 60
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1) daudzeawlanlddudalasuilnawawiaian (Micro gas chromatrograph) 14
ABaNY PPU (Poraplot Q)
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N,
%ﬁ‘ MFC g
Mixed gas or -N; or H,S-N,

Adzorbent

Vent

Micro GC

ANN 3.2 Lmuﬁd‘q@qﬂﬂitﬁmaaama*ga%um%uauvl,@aaﬂvl,ﬁﬁﬁLLaxVLaImLﬁ]wffaVlWﬁ
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4.1.2 mylenzisiaasuan, lalasian uazlulasian (CHN Analyzer)
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Ultimate analysis/mass%

Samples
C H N

Act-Al,O5-PEI800-20 10.95 3.00 6.53
Cal-Al,O5-PEI800-20 9.35 1.87 4.99
FSi-PEI800-20 10.53 2.65 6.34
FSi-AEEA-20 10.94 2.95 6.07
FSi-TRI-20 6.68 1.80 3.24
FSi-DETA-20 10.70 3.12 8.40
FSI-TETA-20 10.26 2.82 7.07
FSI-TEPA-20 10.59 2.78 6.73
FSi-PEI800-30 14.96 3.50 9.04
FSi-PEI800-40 19.75 4.63 11.78
FSi-PEI800-50 25.27 5.99 15.47

FSi-PEI800-60 29.88 7.07 18.54
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4.1.3 myiainiiduazawiagnulaginaiaisii (Brunauer Emmett Teller:

BET)
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®1519N 4.2 BET surface area, Pore volume Was Pore size maoé’aga%’uﬁm‘%ﬂﬂﬁua:

dgaduLTIwI i
Sample BET surface area Pore volume Pore size*
(m’/g) (cm’/g) (nm)
Act-Al,O; 119.2 0.258 3.935
Cal-Al,O; 3.453 0.047 23.840
FSi 202.8 1.860 1.192
Act-Al,05-PEI800-20 NA** NA** NA**
Cal-Al,0O5-PEI800-20 NA** NA** NA**
FSi-PEI800-20 91.31 1.831 1.179
FSi-PEI800-30 81.18 1.510 1.356
FSi-PEI800-40 43.51 0.820 1.350
FSi-PEI800-50 20.33 0.368 1.356
FSi-PEI800-60 4.226 0.082 1.347
Molecular sieve 5A 334.9 0.222 2.660

*PNANARLVD Average pore size

NA** = 1aa7 lalle

b
o

»
n

—o— FSi-PEI800-20

—— FSi-PEI800-30
FSi-PEI800-40
——FSi-PEI800-50

—*— FSi-PEI800-60

Desorption Dv (log d) [cc/g]
PR NN W W N
o 11 o »nn o »n o
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Pore Diameter [A°]

A o o o . Aa a = ' [
NNN 4.4 ﬂ’]ﬁﬂi:ﬁ]’]Umiﬁladmuﬁﬂgwgumad(ﬂ’m@‘ﬁu FSi-PEI NAUINNbLa U BLLONGNIN
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i 4.5 lalmmaiumigaduusznisaisvadlulasian (n) FS-PEIB00-20, (1) FSi-

PEI800-30, (n) FSi-PEI800-40, (3) FSi-PEI800-20 LLaz (3) FSi-PEI800-60
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4.1.4 NMINAIAFNTANIIAMNT DI (Thermogravimetric Analysis: TGA)
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AN 4.7 FugIuInena469adu PEI waaluiana 800 uuWwdana (n) FSi, (1) FSi-
PEI800-20, (A) FSi-PEI800-30, (3) FSi-PEI800-40, (3) FSi-PEIS00-50 uaz ()

FSi-PEI800-60
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LERLTER AAIINNTIRALAR 5 NafaaIdawN

M157191 4.3 mmmmmlumsgm%’u A5y auvl,maaﬂvl,sﬁﬁéhﬂﬁa@@%’um%ﬁaiaﬁmm

THAN
BT S Cap(BT)*** Cap(S)**** Efficiency of
Sample Time* Time** (mmol/ (mmol/ Amine
(min)  (min) g-sorb) g-sorb) Eff(BT) Eff(S)
Act-Al,O5-PEI800-20 18 43.87 0.402 0.979 0.173  0.421
Cal-Al,0,-PEI800-20 3 26.50 0.067 0.591 0.029  0.254
FSi-PEI800-20 21 38.90 0.469 0.868 0.202  0.373

ATMINGRY : asuawlasanlad 10 % lasUsuias luuaslulasian gounndl 80 aseTaLByR

AATINNI ARLAR 5 UaRaaIdauIN

* BT Time 8 Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time A8 Saturation time, **** Cap(S) fla Saturation capacity



48

Act-Al203-PEIB00-20

== =« (Cal-Al203-PEIB00-20

FSi-PEIB00-20

D T _. — — - — — — T — S T T T
o 50 100 150 200 250
Time [min)
AINN 4.10 mwawﬁmaaé’usaa%’miaﬂi:ﬁ‘n%mwmsgwﬁ'u"La‘[mmwB’a"lW@T@‘T’aUéf’;g}@
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o
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BT S Cap(BT)*** Cap(S)**** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine
(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
Act-Al,0,-PEI800-20 93 125.18 0.417 0.559 0.179  0.240
Cal-Al,0,-PEI800-20 9 35.62 0.040 0.159 0.017  0.068
FSi-PEI800-20 132 140.48 0.592 0.627 0.255  0.270

nmrminaaed : lalasaudalng 1 % lapdanas luudalulasiow gannd 30 sseoados da3n
MIMAALAR 10 Nadaasdaui
* BT Time 8 Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time A8 Saturation time, **** Cap(S) fla Saturation capacity
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FSi-PEI800-20, FSi-AEEA-20, FSi-TRI-20, FSi-TEPA-20 a8 FSi-TEPA-20

My asuanlaaanlad 10 % lagdsunas IuuAalulasian amanni 80

AIANTALTUR BATINTIARUAR 5 VadaaTdaw N

A o & & v o
M137191 4.5 m'1ummm’tumsgmumiuaﬂ@aaﬂ"lsmmﬂmg@

a

éﬁuw“ﬁ%mﬁﬁmﬁu

FNTHANY

BT S Cap(BT)*™* Cap(S)**** Efficiency of Amine

Sample Mole Time* Time™** (mmol/ (mmol/
Amine Eff(BT) Eff(S)

(min) (min) g-sorb) g-sorb)
FSi-PEI800-20 4.65 21 38.90 0.469 0.868 0.202 0.373
FSi-AEEA-20 3.84 35.15 51.46 0.785 1.149 0.409 0.598
FSi-TRI-20 2.26 12 27.89 0.268 0.623 0.237 0.551
FSIi-TETA-20 547 4145 56.23 0.925 1.255 0.338 0.459
FSIi-TEPA-20 5.29 39 63.99 0.871 1.428 0.329 0.540

AITNIINGRDI : AsUawlaaankod 10 % lagdsunas luunglulasian gaunnil 80 adATALTLR

AN AL s 5 Jadansdauwi

* BT Time @@ Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fia Saturation time,

*rx Cap(S) fla Saturation capacity
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=] a g & v o aaa Aa a '
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THANT

BT S Cap(BT)***  Cap(S)**** Efficiency of Amine

Sample Mole Time*  Time** (mmol/ (mmol/
Amine Eff(BT) Eff(S)

(min) (min) g-sorb) g-sorb)
FSi-PEI800-20 4.65 132 140.48 0.592 0.627 0.255 0.270
FSi-AEEA-20 3.84 99 106.35 0.442 0.475 0.230 0.247
FSi-TRI-20 2.26 33 38.06 0.147 0.170 0.130 0.150
FSi-DETA-20 5.82 177 182.71 0.790 0.816 0.272 0.281
FSIi-TETA-20 5.47 141 146.77 0.629 0.655 0.230 0.240
FSIi-TEPA-20 5.29 117 123.69 0.522 0.552 0.198 0.209

A1ENINaad : lalasiausa g 1 % lasdsuas luudslulasian oUMNH 30 BvFLTALTE 807

M3 MAALAE 10 Aasaasdaui?

* BT Time fa Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time @ Saturation time, ***x Cap(S) fa Saturation capacity
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ANl 4.13 Havadriinvasigadudalzininunigaduaisuenlasanloddiudiga
Gl FSi-PEI800-20, FSi-PEI800-30, FSi-PEI800-40, FSi-PEI800-50 L8 FSi-
PEIB00-60 A17%: A1suanlaaanbaa 10 % lasy3unas luudalulasian

gounndl 80 AIANTALTYR BATINTIMALAR 5 VadaaTdawn

qz

AI o [ 6 v > aaa d'd a
M13191N 4.7 mmmmmlumsg}mumsuau"l,@aaﬂvl,smmmm@muw“mammﬂsmm

Lo NUEINY
BT S Cap(BT)*** Cap(S)*™*** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine
(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
FSi-PEI800-20 21 38.90 0.469 0.868 0.202 0.373
FSi- PEI800-30 40 64.23 0.893 1.433 0.256 0.411
FSi- PEI800-40 90 115.17 2.009 2.571 0.432 0.553
FSi- PEI800-50 69 96.06 1.540 2.144 0.265 0.369
FSi- PEI800-60 54 91.37 1.205 2.039 0.173 0.292

ATMINGRY : asuawlasanlad 10 % lasdsuias luuazlulasian gounndl 80 aseuTaLByR

AT IMALAR 5 VaaaaIdauIN

* BT Time 8 Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fa Saturation time, **** Cap(S) fa Saturation capacity
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PEIS00-60 N17% : lalastandalng 1 % lasdsunas luuialulasian
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BT S Cap(BT)*** Cap(S)*™*** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine
(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
FSi-PEI800-20 132 140.48 0.592 0.627 0.255 0.270
FSi- PEI800-30 184 194.86 0.826 0.870 0.237 0.249
FSi- PEI800-40 303 316.79 1.359 1.414 0.292 0.304
FSi- PEI800-50 309  350.95 1.386 1.567 0.239 0.270
FSi- PEI800-60 378  443.14 1.696 1.978 0.243 0.284

AMzmInaaad : lalasanga e 1 % lasdSaas luudalulasian gunN{ 30 avrALTuE 807
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* BT Time 8 Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fa Saturation time, e Cap(S) fa Saturation capacity
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BT S Cap(BT)*** Cap(S)**** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine
(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
FSi- PEI800-40 90 115.17 2.009 2.571 0432  0.553
Molecular sieve 5A 21 40 0.469 0.8895 - -
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* BT Time 8 Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time A8 Saturation time, ¥ Cap(S) fla Saturation capacity
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FSi- PEI800-40 303 316.79 1.359 1.414 0.292  0.304
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* BT Time @@ Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fa Saturation time, e Cap(S) fa Saturation capacity
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AN 4.17 mmmmmmi@@%uﬂﬁuauvl,@aaﬂ"lmﬁLLaz"LaI@mmsf{ava@ﬂuuﬁawaw
ﬁaﬂé‘agmsﬁ'u FSi-PEI800-40 N19%: ANNLTNTULAFNLNY 75%,
asuanlaaanlsad 20%, lalasiaudalwe 0.35% lagisunas luuds

Tulasian aa3lvauna 5 Uadaavdawi QWi 80 adALTALT R

M137191 4.11 mw&Jmmmsluﬂﬁg@ffﬁ'um%uauvl@manvlfm‘l,l,aﬂa‘[mmwﬁ'a"lmlﬂuuﬁ”a

NEN WA ANSUakLlaaan lue 10% I@Uﬂ%mmﬂuvl,uimwu@hUﬁa@%’u FSi-

PEI800-40
BT S Cap(BT)*** Cap(S)**** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine

(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)

CO,/Mixed gas 33 51.26 1.478 2.297
0.319 0.497

H,S/Mixed gas 6 16.50 0.005 0.013
10%CO,/N, 90 115.17 2.009 2.571 0.432 0.553

AENARDI: FRTULAFNEY: ANULTNTWLARRING 75%, ANSUaN AN lo6 20%, talasianda be

Aa

0.35% lagdsanaslunnglulasian sanlvauns 5 Jaaaasdeun 9unNT 80 a3

U
GGG
ansuasuanlaaanlas: anudutuaisuanlasanlaod 10% lasdSuiasluwuis

Aa

Tulasian aan lwauis 5 Aasaasdauif gunNi 80 aveL TR

U

* BT Time fa Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fa Saturation time, e Cap(S) fa Saturation capacity
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ﬁa@@%u FSi-PEI800-40 N172:  ANNITNTWLARILNG 75%, @A15U0W L
20N 1@ 20%, lalasawta e 0.35% laodsunas luudaluwlasian aa

Twauns 10 Tafaasdauf gmnndl 30 AIFLTRLTR

M137197 4.12 mmmmmlumsg@sﬁu asvanlaaanlaanaz lalavianda lWe LLAs

Nad waz lalasauas e 1% I@Uﬂ%mmﬂuvl,uimmmﬁaﬂé'ag]sffu FSi-

PEI800-40
BT S Cap(BT)*** Cap(S)**** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine

(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)

CO,/Mixed gas 24 44 .11 2.150 3.952
0.470 0.861

H,S/Mixed gas 21 32.12 0.034 0.052
1%H,S/N, 303 316.79 1.359 1.414 0.292 0.304

AENARDY: FMTULAFNRN: ANUTNTRLARIING 75%, ANSUanLaaanlod 20%, balasiansa bwe

Aa

0.35% lagUsunaslunnzlnlasian sanlvauis 10 Iafaasdanif 9unnd 30 a3

U
CTRLTER
dusuasuanlaaantad: anudutuwaisuanlasanlad 10% lapdSunasluwuis

a

Tulasian aan lwauis 10 Hadaasdanwi gunNi 30 aveTATua

U

* BT Time fa Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fa Saturation time, e Cap(S) fa Saturation capacity
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lulasiau danInaurds 5 TadRasdawfl gunnll 80 asenmaiGoa (Aol

71 1) unzgmangil 30 pIALTALTHR (ADANN 2)

A1319N 4.13 mmmm‘mmaamsg@sﬁ’umﬁ’uauv[@aaﬂ"lﬂj@ﬂl,a:"LaImwuifa"lWa“LuLLﬁ”a

mam‘fwﬁag}sﬁu FSi-PEI800-40

BT S Cap(BT)*** Cap(S)**** Efficiency of
Sample Time*  Time** (mmol/ (mmol/ Amine
(min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
CO,/Mixed gas 78 104.30 3.494 4,673 0.751 1.000
H,S/Mixed gas 78 119.48 0.063 0.097 0.014 0.020

AENARDY: FMTULTFNRN: ANUTNTRLARRING 75%, ANSUanlaaanlad 20%, balasianga e

Aa Aa

0.35% lagUsunaslunnzlunlasian 9anauis 5 IaaaaIdauI? gunni 80 a4e

U

a o ed a a o ed
LT R (ﬂﬂauu'ﬂ 1) LLa:qm%ﬂ“N 30 DIFLTRLDYR (ﬂﬂau%'ﬂ 2)

* BT Time 8 Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time A8 Saturation time, **** Cap(S) fla Saturation capacity
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@1391 414 anumunInlunisgaduanivaulasanlod (n) wazlalasiaudalud ()

’Luuﬁ”awawﬁwﬁa@@sffu FSi-PEI800-40

Regene Efficiency of

(m) BT S Cap(BT)*™* Cap(S)****
ration Amine
Cycle of  Time* Time** (mmol/ (mmol/
Time
CO, (min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
(min)
1 78 104.30 3.494 4.672 267 0.751 1.000
2 78 96.57 3.494 4.326 252 0.751 0.930
3 75 92.41 3.360 4.140 258 0.723  0.890
4 66 86.19 2.957 3.861 276 0.636  0.830
5 63 81.35 2.822 3.644 261 0.607 0.784
Regene Efficiency of
(V) BT S Cap(BT)™* Cap(S)****
ration Amine
Cycle of  Time* Time** (mmol/ (mmol/
Time
H,S (min) (min) g-sorb) g-sorb) Eff(BT) Eff(S)
(min)
1 78 119.48 0.063 0.097 45 0.014  0.021
2 72 89.26 0.058 0.072 45 0.013 0.016
3 66 81.64 0.053 0.066 45 0.011 0.014
4 63 78.87 0.051 0.064 48 0.011 0.014
5 63 75.04 0.051 0.061 45 0.011 0.013

MENABDY: ANMUTUTHUAFNING 75%, ansUanlasantod 20%, lalasauda e 0.35% lag
U105 luunzlulasian aalwauds 5 Sadaasdawii qm%n“ﬁ 80 BIANLTRALTUR
o ea PN A o ed
(AaANIT 1) uazguunnil 30 asriTnIBua (ABNN 2)
nzmime: anududuuialulasian 99.999% lasiFinas gungdl 90 aseumaiBos 8a1lna 10
JaaanIfauwh
* BT Time @@ Breakthrough time, *** Cap(BT) fa Breakthrough capacity

** S Time fa Saturation time, e Cap(S) fla Saturation capacity
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2 _|Has

Total

[ Time [Min] |
0.44 0.00
063 0.00

0.00

AN N.2 (60)

3012597.3 56697.8 93.030
267859 575.0 04570
100,000

3039383.3 50272.8
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AMARNWIN Y

n'lsﬁ'lwamuax“ffagamiﬂﬂaaa

MIAIBUINIWNITLANLENBUWBAITDITU

Sooarmsidutaiin (laoula) = (W, / (W, + W,)) x 100
W,
W, = WnnnUaITITassY

& o A A a
WIRWNVBILBNUN L@]Naﬂvlfl]

nsewarmlSunasluazaslulasanlwiaodw

Gonazmaduiadin (lauuaa) x N x 107) / MW,

mmoly =

mmoly = Fuuluaveslulasanluluanaiefiv @adlua)
N = Fwanlulavaululuanaedn

MW, e = ualutanazadiaiu

NMIAIRINYBINIAATUAISUalnaanlyd

NIIAIRID AN IBaDIAI VDM IADDN LA
FReoz = (FR x C) / 100
o U % 6 I3 %] [V
NI IRIMANNTNTRAT VDR IADN [BARAINIIAATL
Ci=(CoxA)/Asmp
nMIdwIMANNEINITMNIaatuasuanlaaanlya
f Breakthrough capacity; Cap(BT) = (BT X FR¢o2) / (Vimot X Weorb)
4 t
1 Saturation capacity; Cap(S) = (FRgop X fo (Co — CoAt) I (Voo X Wegrp)

nMsarwImilszansainvaialn

f Breakthrough capacity; Efficiency of amine = (Cap(BT) x 2) / mmoly
‘ﬁ Saturation capacity; Efficiency of amine = (Cap(SAT) x 2) / mmoly
e = anudutuaivanlasanlodriounsgady
(%V)
Co = anudutuaivanlasanlodrsunsgady
(ppm)
C, = anudutuaivanlasanlodnanmgady
(ppm)
Astp = Auiensuawlasenlodf Saturation

¥ 4 ¢

A 6 1 s
A = NunaITU auvl@aaﬂvlmnaums@@snu



Cap(BT)

Cap(SAT)

BT
FR
FRcoz

Vmol
Wsorb

mmoly

anumuInlun1sgaduniadn Breakthrough

(Hadluadariudgadu)

ANNE mmlumig]wﬁ'u LARNANAD

(Hadluadanuengaduy)

i) m‘ﬁl Breakthrough (m‘ﬁ)

8ATINT AL (NaaanTdauIf)

eI aasuanlaaan bae

(Hadaasaauii)

Pnasluarivesuizgannifinnzanagu

WrinagaTy (NTN)
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fwauluazasiulavaululuanaeiiu @adlua)

@A28819N V1 msmaaamig@éﬁ'um%uau"l@aanvl,sﬁﬁ@?’ayéf’sgwﬁ'u FS-PEIS00-30

AIZNINGRDY: AU Laaan kANt 10% laod3uneas luuialulasian

ﬁﬁ%ﬁﬂé’a@@%’u 1.0 N5W gmund 80 AIANTALTUR DAIINITIAALAF 5 VAFAATAAUIN

[ a 6 6 23
A998 2.1 AN aUTmasuanlaaan lwaanaananuialasui lnnw

Run Start Time Area CO,
End Time C (ppm) CIC,
no. Time (min) (uV.min)
1 11.30 11.33 3 0 0 0
2 11.33 11.36 6 0 0 0
3 11.36 11.39 9 0 0 0
4 11.39 11.41 12 0 0 0
5 11.41 11.44 15 0 0 0
6 11.44 11.47 18 0 0 0
7 11.47 11.49 20 0 0 0
8 11.49 11.52 23 0 0 0
9 11.52 11.55 26 0 0 0
10 11.55 11.58 29 0 0 0
11 11.58 12.00 31 0 0 0
12 12.00 12.03 34 0 0 0
13 12.03 12.06 37 0 0 0
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Run Start End Time Time Area CO, C (ppm) CIC,
no. Time (min) (uV.min)

14 12.06 12.09 40 0 0 0
15 12.09 12.12 43 52.7 2420.76 | 0.024
16 12.12 12.14 45 167.4 7689.48 | 0.077
17 12.14 12.17 48 363.8 16701.88 | 0.167
18 12.17 12.2 51 591.4 27165.82 | 0.272
19 12.2 12.23 54 838.9 38534.68 | 0.385
20 12.23 12.25 56 1057.8 48589.8 | 0.486
21 12.25 12.28 59 1262.5 57992.65 | 0.58
22 12.28 12.31 62 1419.2 68497.93 | 0.685
23 12.31 12.34 65 1581.6 72650.44 | 0.727
24 12.34 12.37 68 1679.9 77165.82 | 0.772
25 12.37 124 71 1852.8 85107.95 | 0.851
26 124 12.44 75 1927.3 88530.09 | 0.885
27 12.44 12.47 78 1899.2 87239.2 | 0.872
28 12.47 12.5 81 1899.8 87266.88 | 0.873
29 12.5 12.52 83 1905.3 87519.52 | 0.875
30 12.52 12.55 86 1932.7 88778.14 | 0.888
31 12.55 12.58 89 1961.3 90091.87 | 0.901
32 12.58 13 81 1959.9 90027.56 0.9
33 13 13.03 94 1976.4 90785.48 | 0.908
34 13.03 13.06 97 1990.3 91423.98 | 0.914
35 13.06 13.08 99 1982.8 91079.47 | 0.911
36 13.08 13.11 102 20111 92379.42 | 0.924
37 13.11 13.14 105 2035.4 93495.64 | 0.935
38 13.14 13.17 108 2029 93201.65 | 0.932
39 13.17 13.19 110 2040.8 93743.68 | 0.937
40 13.19 13.22 113 2029.3 93215.43 | 0.932
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Run Start Time Area CO,
End Time C (ppm) CIC,

no. Time (min) (uV.min)
41 13.22 13.25 116 2038.4 93633.44 | 0.936
42 13.25 13.28 119 2040.2 93716.12 | 0.937
42 13.28 13.33 121 2032.7 93371.61 0.934
44 13.30 13.33 124 2046.5 94005.51 | 0.940
45 13.33 13.36 127 2050.5 94189.25 | 0.942
46 13.36 13.39 130 2039.7 93693.16 | 0.937
47 13.39 13.41 132 20301 93252.18 | 0.933
48 13.41 13.44 135 2043.2 93853.93 | 0.939
49 13.44 13.47 138 2047.5 94051.45 | 0.941
50 13.47 13.50 141 2048.6 94101.98 | 0.941
51 13.50 13.52 143 2052.8 94294.90 | 0.943
52 13.53 13.55 145 2045.7 93968.76 | 0.940
53 13.55 13.58 148 2050.6 94193.84 | 0.942
54 13.58 14.01 151 2037.0 93569.13 | 0.936
55 14.01 14.03 153 2049.1 94124.94 | 0.941

°7 Saturation Time /
‘..
04 Breakthrough Time
0 20 40 oo e 120 140 160

AN 2.1 nigaduaisuanlasanladdiodigadyu FS-PEIB00-30 finne

asuawlaaan lraldudw 10% laadSunas Iuwuialulasian auannil 80

AIANTALTUR DAIINIT AR 5 UaFAATAaUIT
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ABEHNINITRIUI D

AITMINGAaa: Asuanlaaantoa 10% laodsanas Iuuiabwlasian

ﬁmﬁnéﬁ@@sﬁu 1.0 N3V goanni 80 AIANTALTYR DAIINITIABLAT 5 VARAAT

daun

Breakthrough Time = 37 wifl
Saturation Time = 151 wifl

AT IRauna = 5 Jadaavdam?
AN TN suanlaaan boa = 10000 ppm
ﬁmﬁfmﬁg@%’u = 1 Ny

1. msawImdInnansiantadn

FS-PEI800-30 = (30 x 100)/100 = 30
nsewamlsunosluazadlulastan ol

o a -3
mmoly = (Fasaznsianiaiiu (Iagana) x N x 107) / MW,

nIdwInksaIMsaatuaIsuanlaaanlyd

o a 6 6
MIFWIHEAIINT PAaTaIA U laaan baa
FRgoz = (5 x 10) / 100 = 0.5 Aaaaa3gauwi
miﬁﬁmmmmL“iTMTum%uau"l,@aanvl.mﬁﬂé‘omsg@sﬁ’u
o . v ) & A a A
BNAIDENINMTIANINATUATIA 15 w17 40

[

ﬁu‘ﬁﬂﬁuauvlﬂaaﬂvlsnﬁﬂé'amig@%u = 52.7
Aunsuanlaaanloauiian = 2177

C = (100000 x 52.7)12177

C = 2420.76 ppm

fasuanududuasuaulasanlod

C/C, = 2420.76/100000 = 0.024

midwmanuaanIalunsgaduaivenlasanlod

ﬁ Breakthrough capacity; Cap(BT) = (40x0.5)/ (224 x 1)
= 0.893 Nadluadaniy

‘ﬁl Saturation capacity; Cap(S) =(0.5x64.2)/(22.4 x 1)
= 1.434 §adluadaniy

4. nmsarwImilszansSainvosaln

‘ﬁ Breakthrough capacity; Efficiency of amine = (0.893 x 2) / 6.975
= 0.256
“7; Saturation capacity; Efficiency of amine = (1.434) x 2) / 6.975
=0.411
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4. msawimzasnsgatulalasudala
NIAIRIID A3 ez lalastawda liea
FRyps = (FR x C) / 100
o U U (-] 6 (-] a
nsdmansanantnlalasaudalidvasnsaadu
Ci = (Co x A) I Agtp
o [ %] ¢
msmmmmwmmsn‘lums@mjulafmmwzjalvwlﬂ
f Breakthrough capacity; Cap(BT) = (BT x FRy2s) / (Vo X Weorp)
r ¢
1 Saturation capacity; Cap(S) = (FRyps X fo (Co — Cp)dt) I (Vime X Weor)
nMsawImlszansanvastod
f Breakthrough capacity; Efficiency of amine = (Cap(BT) x 2) / mmoly

1 Saturation capacity; Efficiency of amine = (Cap(SAT) x 2) / mmoly

e = anudutulalasiaudalWdnounigady

(%V)

Co = anudutulalasaudalWdrieunisgady
(ppm)

C, = anudutulalasaudalWdnanisgady
(Ppm)

Asto = ﬁuﬁ"l,aimmwﬁ'avl,m?ﬁaumigmsfi’u

A = ﬁuﬁ"lﬂmwu%’a“ﬁﬁaumig]wffu

Cap(BT) = mmmmmiumsgwﬁuuﬁ”aﬁ Breakthrough
(Hadluadenueagadu)

Cap(SAT) £ mmmmmlumsgm%’uLLﬁ”aﬁ'éaJéh
(Hadlundanuengaduy)

BT . 1817 Breakthrough (i)

FR = 20T naunds (Naraasdaui)

FRus = 803NN T IR alaTiauda e
(NaRaaIdauIN)

Vool = ﬂ‘%mmﬂwm%’naaLLﬁ"aqﬂmﬁﬁm’;zmmgm

Weor = ﬁmﬁfﬂﬁ’sgﬂﬁu (N3)

mmoly = Fwaulvazaslulanaululuanaediu @adlua)



@A20819N 2 msmaaamsgmsfuvlaimwwﬁavlvﬁﬁasJéT’ngﬁﬁu FS-PEI800-30

AzMINaaad: lalasiawds lWaLNdw 1% laodsanes Iuudalwlasian

89

ﬁmﬂfﬂﬁ'gg@sﬁ'u 1.0 N3N amnnil 30 IeLTaLTaR aaTIMIIaLAE 10 UadaaTdawi

M1919 2.2 HanTadsumlalasianda lauiaananuislasanlnnaw

Run Start End Time Time Area H2S C (ppm) CIC,
no. Time (min) (uV.min)
1 12.27 12.30 3 0 0 0
2 12.30 12.33 6 0 0 0
3 12.33 12.36 9 0 0 0
4 12.36 12.39 12 0 0 0
5 12.39 12.42 15 0 0 0
6 1242 12.45 18 0 0 0
7 12.45 12.48 21 0 0 0
8 12.48 12.51 24 0 0 0
9 12.51 12.54 27 0 0 0
10 12.54 12.57 30 0 0 0
11 12.57 13.00 33 0 0 0
12 13.00 13.03 36 0 0 0
13 13.03 13.06 39 0 0 0
14 13.06 13.09 42 0 0 0
15 13.09 13.12 45 0 0 0
16 13.12 13.15 48 0 0 0
17 13.15 13.18 51 0 0 0
18 13.18 13.21 54 0 0 0
19 13.21 13.24 57 0 0 0
20 13.24 13.27 60 0 0 0
21 13.27 13.30 63 0 0 0
22 13.30 13.33 66 0 0 0
23 13.33 13.36 69 0 0 0
24 13.36 13.39 72 0 0 0
25 13.39 13.42 75 0 0 0
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Run Start End Time (min) Area H2S C (ppm) CIC,
no. Time Time (uV.min)

26 13.42 13.45 78 0 0 0
27 13.45 13.48 81 0 0 0
28 13.48 13.51 84 0 0 0
29 13.51 13.54 87 0 0 0
30 13.54 13.57 90 0 0 0
31 13.57 14.00 93 0 0 0
32 14.00 14.03 96 0 0 0
33 14.03 14.06 99 0 0 0
34 14.06 14.09 102 0 0 0
35 14.09 14.12 105 0 0 0
36 14.12 14.15 108 0 0 0
37 14.15 14.18 111 0 0 0
38 14.18 14.21 114 0 0 0
39 14.21 12.24 117 0 0 0
40 14.24 14.27 120 0 0 0
41 14.27 14.30 123 0 0 0
42 14.30 14.33 126 0 0 0
43 14.33 14.36 129 0 0 0
44 14.36 14.39 132 0 0 0
45 14.39 14.42 135 0 0 0
46 14.42 14.45 138 0 0 0
47 14.45 14.48 141 0 0 0
48 14.48 14.51 144 0 0 0
49 14.51 14.54 147 0 0 0
50 14.54 14.57 150 0 0 0
51 14.57 15.00 153 0 0 0
52 15.00 15.03 156 0 0 0
53 15.03 15.06 159 0 0 0
54 15.06 15.09 162 0 0 0
55 15.09 15.12 165 0 0 0
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Run Start End Time | Time (min) Area H2S C (ppm) CIC,
no. Time (uV.min)

56 15.12 15.15 168 0 0 0
57 15.15 15.18 171 0 0 0
58 15.18 15.20 173 0 0 0
59 15.20 15.23 175 0 0 0
60 15.24 14.27 178 0 0 0
61 15.27 15.30 181 0 0 0
62 15.30 15.33 184 0 0 0
63 15.33 15.36 187 136.4 23481 0.234
64 15.36 15.39 190 229 3942.2 0.392
65 15.39 15.42 193 325.7 5606.9 0.558
66 15.42 15.45 196 411.9 7090.8 0.706
67 15.45 15.48 199 472.7 8137.4 0.810
68 15.48 15.51 202 512.9 8829.5 0.879
69 15.51 15.54 205 526.5 9063.6 0.902
70 15.54 15.57 208 541.8 9327 0.928
71 15.57 16.00 211 548.9 9449.2 0.940
72 16.00 16.03 214 551.7 9497 4 0.945
73 16.03 16.05 216 544.4 9371.7 0.932
74 16.06 16.09 219 562 9674.7 0.963
75 16.09 16.11 222 559.4 9630 0.958
76 16.11 16.14 225 561 9657.5 0.961
77 16.14 16.17 228 565.1 9728.1 0.968
78 16.17 16.20 231 568.7 9790.1 0.974
79 16.20 16.23 234 568.2 9781.4 0.973
80 16.23 16.26 237 570 9812.4 0.976
81 16.26 16.29 230 565.8 9850.3 0.969
82 16.29 16.32 233 570 9740.1 0.976
83 16.32 16.35 236 572.3 9812.4 0.980
84 16.35 16.38 239 572.2 9852 0.980
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Run Start End Time | Time (min) Area H2S C (ppm) CIC,
no. Time (uV.min)
85 16.38 16.41 242 573 9850.3 0.982
86 16.41 16.44 245 569.2 9864.1 0.975
87 16.44 16.47 248 572.8 9798.7 0.981
88 16.47 16.50 251 577.6 9860.6 0.989
89 16.50 16.53 254 573.6 9943.3 0.983
90 16.53 16.56 257 576.5 9874 .4 0.987
91 16.56 16.59 260 575.7 9924.3 0.986
92 16.59 17.02 263 577.3 9910.6 0.989
93 17.02 17.05 266 575.0 9898.5 0.985
1
0.9 /
0.8
07 Saturation Time
0.6
g 0.5
0.4
os Breakthrough Time
0.2
01
0 - — - - - .
Time [min)
AN 2.2 nsgadulalasiaudalnddrudrgady FS-PEIS00-30 finae

lalasianda lWatdudn 1% lagtSunas luuiglulasian gmannil 30

AIANTALTHR 8AIINITIAE 10 NaRAAIdaUIN
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ABEHNINITRIUI D

Az INaaad: lalasiawda e 1% laodsanes luudalulasan
ﬁmﬁnéﬁ@@sﬁu 1.0 N3Y goanni 30 AIANTALTYR DATINITIAALAT 10 NaRAAT

faun

Breakthrough Time = 184 w7
Saturation Time = 575 wif
AT IRauia = 10 UaRAAIFOWN
AN Tuadn balasiauga e = 10000 ppm
ﬁmﬁfmﬁg@%’u = 1 N7

1. mMIawImlInnanstantadn
FS-PEI800-30 = (30 x 100)/100 = 30

2. msawmdSanaluazaslulasowlniodin
mmoly, = (Fouazmaidniadin (lauaaa) x N x 10°) / MW,

3. msawimvasnigatulalasoudala
MIFWIUBAIIMN T mavadlalasiauga e
FRuzs = (10 x 1) /100 = 0.1 Jadaasdauf
midwmanuidutulalanauds iwanainisgady
mﬁ’sasma'mﬂ'ﬁi'@ﬂ'ﬁ@@%m%oﬁ 62 W7i7l 184

136.4

583.8

ﬁuﬁ"Lameusﬁ'a"lw@Tﬁé‘amsg}@fﬁu

Auitlalasiaudalndadn
C = (10000 x 136.4) / 583.8
C = 23481
sasuanududulalasiaudalng
C/C, = 0.234
midwmanumanInlunsgadulalasaudalwe
ﬁ Breakthrough capacity; Cap(BT) = (184 x 0.1) / (22.4 x 1)
= 0.826 Nadluadaniy
‘ﬁl Saturation capacity; Cap(S) = (0.1 x 194.9) / (Vo1 X Weor)
= 0.870 fadluadaniu
4. nmsawinedsz@ndninvasiodn
‘ﬁ Breakthrough capacity; Efficiency of amine = (0.826) x 2) / 6.975
=0.237
“7; Saturation capacity; Efficiency of amine = (0.870 x 2) / 6.975
=0.249
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AMARWIN A

N133A i lalanasy Ll,azwu'lﬂgw;umaaﬁﬁaa%’u UazAINALY AN
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2NN A.1 VL'PJI‘ITL‘Y] E]%@Jﬂ’]i@@]‘ﬁl.l RN El‘IJE]GVL%IGISL%%LLE‘IZﬂ’ISﬂiZ?D’]El(ﬁ’]ﬂl%’]@g‘WE‘H’

28IATBITUUBANILINGLRAW (Act-AlOs)
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AT A.2 Pore size distribution U84627843UUBATININDZANW (Act-Al,0;)
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AN a.3 lalan 23uN1IQATULAZNIIAN mjaa"lu‘[mmuua:msmzmyéf’mmmgwgu

va4enI0sTULAR [Ttazgiu (Cal-AlLO,)
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22901 AFULTIW e Molecular sieve 5A [28]
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A ° & a a a
@13197 9.1 Swaueniuan lalasian Tulasian uazdung lwaluaangwd

98

MW, mine % amine Ultimate analysis of amine/mass%
Amine type
(g/ mol) loading C H N (0] Si
Polyethyleneimine 800 20 11.2 2.3 6.5 - -
30 16.7 35 9.8 - -
40 22.3 46 13.1 - -
50 27.9 5.8 16.4 - -
60 334 7.0 19.6 - -
Aminoethylethanolamine 104.15 20 9.2 2.3 54 3.1 -
N- 3-(trimethoxysilyl)- 265.43 20 9.0 2.0 3.2 3.6 2.1
propyldiethylenetriamine
Diethylenetriamine 103.17 20 9.3 2.5 8.2 - -
Triethylenetetramine 146.23 20 9.8 2.5 7.7 - -
Tetraethylenepentamin 189 20 10.2 2.2 7.5 - -

AIDLIINITAIUI

Polyethyleneimine maimaqa 800 (PEI800)
SNV ARALNAT 1 WU

umanuan (C) = 22 azaau ﬁmaimaqa = 264 g/mol

Fwaulalasiau (H) = 55 azaaw Hanaluiana = 55 g/mol

Faululasiau (N) = 11 azaan Huialuana = 155.1 g/mol
AalULANATIN = 474.1 g/mol
ﬁ’lmmmﬂmUwafﬁmai‘ﬁtmmﬁﬁmaimaqa 800 g/mol
Usznaudisaiiuan (C) aaluana = 4455 g/mol Aaiiu 55.7 %
lalavian (H) waluiana = 92.8 g/mol  Aaiilu 11.6 %
lulasiau (N) waaluiana = 261.7 g/mol Aauilu 32.7 %
d1QadU FSi-PEIS00-20 ﬁﬁmﬁuag} 20% Tagiimin
Usznaumeoaisuan (C) Aavdu 11.2 %
lalasau (H) Aaudln 2.3 %

Tulasian (N) dondlu 6.5 %
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AMARNKIN I

ﬂ']iﬁ']%')ﬂﬁi"l%')%f&la‘ll ﬂdl%f@l‘it%%sl%l,ﬂﬁ%

AMIAIMITININABDS IulaTtaw lsta N

Gapazmatduaiin (lauuaa) x N x 107) / MW,

mmoly =

mmoly = Fwuluaveslulavaululuanaieiiv @adlua)
N = Fwaululasaululuanaaiiv

MW, e = waluianazadaiu (niudalug)

ldl o A 1 a Qs nll a s > a
A15199 2.1 3wdunluavadlulasianluiainadrsrianwniduasunalrvasyuludSunm

@99
MW mine % amine mmoly
Amine type
(g/ mol) loading (mmol)
Polyethyleneimine 800 18.6 20 4.65
30 6.98
40 9.30
50 11.63
60 13.95
Aminoethylethanolamine 104.15 2 20 3.84
N- 3-(trimethoxysilyl)-propyl 265.43 3 20 2.26
diethylenetriamine
Diethylenetriamine 103.17 4 20 5.82
Triethylenetetramine 146.23 5 20 5.47
Tetraethylenepentamin 189 6 20 5.29

AIDLIMIAIUIDE
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mmoly (0.2 x 18.6 x 10-3) / 800 = 4.65 mmol
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Degradation Stability of the amine on
Amine types o

temperature ( C) fumed silica support
Polyethyleneimine 100 WRNAZABLANTDY
Aminoethylethanolamine 80 wRoURZANBLANGaY
A . 4

LSJBL’JR’]N’]%VL‘]J‘JHJZ%%G
N- 3-(trimethoxysilyl)-propy! >100 [EG TR RITIINRIR

diethylenetriamine

Diethylenetriamine 80 naaNazay lauiui
Triethylenetetramine 80 waauazaNuLanay

A ' =
Laa W I TEuznih

Tetraethylenepentamin >80 WROURZANBLANGaY
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