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Abstract

This research enhanced the modification of activated carbon adsorbents used for polyvinyl chloride (PVC)
dechlorination units. The chlorinated gaseous product was generated via the pyrolysis process of the PVC plastic
under an atmosphere of nitrogen gas and a temperature of 400°C. The retention time of adsorption was varied from
30 to 240 minutes. Adsorbents used in this study were granular activated carbon (GAQ), ferric (lll) oxide coated on
activated carbon (Fe203/GAC), and 2.5 wt.% and 5.0 wt.% of zero-valent iron nanoparticles coated on activated
carbon (Fe-2.5/GAC, Fe-5.0/GAC). The batch PVC pyrolysis process at 4000C for 60 minutes resulted in the weight
decomposition of 70 wt.%. The dechlorinated experiment unit showed that the GAC adsorbent had increasingly
adsorbed the Cl moieties and the adsorption rate yielded approximately in 0.74x10-3 mg Cl/(g.min). For the GAC

adsorbent coating with 5 wt.% Fe, the adsorption rate was increased to be 1.73x10-3 mg Cl/(g.min). The adsorption
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capacity as well as its efficiency for the Fe-5.0/GAC sample resulted in 0.208 mg/g and 70%, respectively. The surface

characteristics of fresh and spent adsorbents were examined using the SEM-EDX technique. The observation

illustrated several white grains deposited on the adsorbent surface for the spent sample. It was considered a

component of adsorbed chlorinated. Adsorption isotherm for each tested adsorbents could be explained by the

Freundlich adsorption model.

Keywords: zero-valent iron, iron (Ill) oxide, activated carbon, dechlorination, pyrolysis, PVC
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2. F/ABUNTITY

2.1 @9l

arsiafiilflutunouninnioudagaduia
7199 1 uNTAALATIEY (analytical reagent grade) e
wesinaaslsntanyzlalnsn (FeCls.6H,0, Merck®,
Germany) letfsululslalasa (NaBHs, Merck®,
Germany) uazluifuulansanlyd (NaOH) 91nuEIY
Mia Aueuniou lowaninea

arudududadinida (granular activated
carbon, GAC) Yu"A 2.36-4.75 fiadiuns Aufiiaswy
800 m?/g vunaniUdenuzning lasunisatuayulae
vsTm aslunigad (Usemdlne) $1ie wazidananadin
WIFYUIN 3-4 Tadwng WAAaLNIA (VM 4720 NTO) 310
U3 anaminssu Ilawa (Usewelve) 3110

2.2 M3nTguAIgady
2.2.1 wianUseaguguuauiuiug

yAudiAiavuuauiy

U

n1swsEuigaduLminysy
duaagleifn1sIanduniaail (chemical reduction
method) [12] 3uannwieuasazaneindamessnaae
Ismenaglansn (FeCls.6H,0) min 0.6195 5y (@wmsu
fagaman 2.5 wt.% 138011 Fe-2.5/GAC) #sa 1.6133
AU (@msufie81e 5.0 wt.% 15811 Fe-5.0/GAC) Ay
F1irazargazatsleniusanauinusidainlossu
(deionized water) Tudndu 40:10 daddns ussgasiu
NIAFUBNN 2 AD wesensesdansleladuszezim
10 Wi ntuduaufusudedage (GAQ) Ysua 5
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nsu venasazanelafoululslalasa 0.1 Tuans eg19tn
9 (1 neaseIunil) tevinnnsimdinanlessuuszq 3+
Tnanoiduuseaaud (Usumsansimdianua 100
fladans) el ansavaneavildsuandndedudulals
1@ LariinnzNOULYIUADYABUARYAGAT LUEIE1TABU
asusnanetsaldanfussoziaan 10 wift aniusi
N154ENA1TABUABERDONINAITAZANERIELAT Y
wihBLazanzneuistUsrnnlessudusiuan 2
pds thanufusiudfisuiedeueyniaudnuszaguduoy
lamnutuilgmafi 105°C Wunan 12 $2la

2.2.2 wianeonlenuugiuiuiug

nisinsuguiadsuinaneeonled
(Fe,05) vuaufusiunazldisnisnnaznaunisall
(chemical precipitation method) [13] Fuannde
ansavansindemasinmaslnienzlamsn (FeClz6H,0)
Wudu 0.167 luans Usuns 25 fiaddns ussyadluwan
Uy 2 Ae ntudutututuiviagin (GAQ) Ui
5 n5u UsugaumngRidu 50 sam-wwaidea niouniuans
fhewndesniuusman 300 seusiewdt Wuan 30 Wi
Wuansazanelafeulansonlen 5.4 Tuans Usung 9.3
fiaddns 0819919 (1 neasedunil) nauegsewiouniy
na1 5wt nduufuguugfiiuduidu 90 asan
waidea uarniuuiian 3 42lus (Fadegaaios
muwiuiielyliansazarssziveeen) ansazatasiin
nsavnewdudinavesasusyneumanlensenles
(Fe(OH)3) ABEYINNITLENAZNIUDDNIINAITATANLAIY
wiesdunisnazdrmeneudeiusaanleseudy
$1uam 2 afa dhdusutudfiguindeunznoumdnlens
onled wevldanuduiigumgi 105 ssewalfoa
sraziaan 12 $alus 9anduiinisiea (calcination)
feg1amznau fgamall 350 esrealdoa Wunan 4
Falu

2.3 SuABUNNSNAGBY

amé’iu’wmqﬂmai é’]’qgﬂﬁl 1 Ingldfgneananadn
WPV 2.5 n3u asludaufnsallnlslada (pyrolysis
reactor) MgatuauiutuauTIn 25 nfu adunsdul
Andu (adsorbent column) wagiinasazateleidels-
asenlaadudy 0.1 luas Ysuins 100 Jaddns aclu
ansuied (stripper) doufelulasiausnsnnisiva 15
fiaddnssowd Wuan 15 wnil ieldenasesnain
wdesufnsal Mnduhmswaradniidneldanne
150101 figaumgdl 400 ssewaidoa uszoziaa 30,
60, 120, 180 k@ 240 U1l LAufieg19@15asany
lodsulansonlan drludmsievmuSuiannududy
vesnaslsnlonausall
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auilunveassdmivigaduiln Fe-2.5/GAC, Fe-
5.0/GAC kae Fe,04/GAC ArndunauLisafuiindnn
wudrinediu ilewIsuifieudszansnmnisgaduaas
lsamedgadusiingneg
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Figure 1 Experimental setup for dechlorination of

Flow meter

PVC pyrolysis process

2.4 msnTevidaya

midfeil insiesginuiinueaslsdiign
Fuuudgaduriiagie q A1e38uuun1eden (indirect
method) lnanislamsnmanududuvesnaslsndesu
Tumsarmelndeulensonlafianounasndsnisldingn
U

n1slatnsnaieisdaiiesluiagn
(argentometric method) 3u9n1dI0E19815aza8
liheulansonledusunm 20 Haddns Tdluringuvuy
Wulnwnadeulasiwaduduiianes Ysuans 0.1
fiadans 2Nty lamsnivansazarsuinsgiudaniosiu
wendudu 0.0141 lanf lefagagAfiansazaeiaou
ndindondungneudds (reddish-brown) 39vi1n13
uiinUSumsansasaneanasgudaneslumem uwasinll
AwnUsInamIuTLTuveInaslsdoauaInaunIs

Vagnos X Nagnos
N (mMoll) = —————— (1)

vNaOH
Mylasgsimauansatunisgaduaaslsiuus

Aty 1 n3u uagUszdvSninnisgadu A11150A1WULG
INAUNIT 2 ey 3

. - ”‘d— 3 nfcl—
Capacity (mol Cl'/ g adsorbent) = ————
gram of GAC

2)

mole of Cl'adsorbed on GAC
Efficiency (%) = x100  (3)

Total mole of CI'

e i f &) v sa
LU Ne LLay Ne. LUUW'}’]NLGUNEUUSU@QV’]aabLiﬂa

pouluasaraelapeulansanlodneunasndansiasn
ARty AUEY
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AUANYUEHUFIUYDIMIAATUNDULALNAINIT
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T laun AuiRa91iwe dnvasdugiu uas

I3 = L da o Y & Y a ¢
paRUsENaUs IR UUNUNRIFIgAdy Wudy ATz
Mundesganssaudiinaseunuudensiauazaunsal
A9 (SEM-EDX) %0 LEO Ju LEO1450VP A1N13
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o w

Wil 15kV fidavene 71,000-13,000 i1 waziAIedlle
WATILANUARITINIE JU Quantachrome NOVA 1200
Tagnsgadu-aeduiiglulasiay uavwaninaniny

LANANIANUAUFLTNSTUY 0.05-1.0

3. HALAN1TIRTAUINANITNAGDY
3.1 Qmé’nwmsé’mgwuasﬁuﬁﬁfmmc?h@,ﬂ#‘fu

fnendesganssAmiBianaseunuudensinuesdIuiy
sfudt (3U7 2a) meﬁuﬁusxﬁuqamﬂﬁé’ﬂwmsqu*u?usz
LLasﬁgwguﬂﬁsmaﬁaﬁuﬁa dwsuiegamuiuiudyy
wdeusunamanuIlulszeaud 5 wt% nounasnds
nsgadulunszuiunsiinaeiiudunanadniiis (sUil 2o
way 1c mudwiv) deuniadunivuiaidninizeguiion
fuRnvesdruiusiug Feoynndvnianunsaueadiuld
AandosganssAldianasouluudeInsia tinein
HansENUYeIasUsEnauiiauisanlddediuas
Sldnnseunuudesnsia Feenafuansuszneuindonas
1561 19 NaCl, FeCls L1udiu inasndoainnszuiunis

wissuauiNiuiudoumanUssgaue

Figure 2 SEM-EDX micrograph of (a) GAC, (b) pre-
treatment Fe-5.0/GAC and (c) post-treatment Fe-
5.0/GAC.

deUssuiiisuiiogsansgadu Fe-5.0/GAC
rounazndanisldon wui fegrmdsnsgadu (U7
20) fioynadunivualvginizeguinilnsosiiuia
dufusiud fefiviinanfingetuile fieuiusegnenon
n1sgadu (3UA 2b) eyn1aduiafenarnfuves
asUsznauaaslss MAnanmsgadufieadndusion
NILUIUNTANLFINNAINTOUVDINAARNTIT Han1T
AnsefiesdUsznousiniaiifiemaia EDX (3U7 2
fuans) amnsaduduldindagaduiiniunisldenly
nTgUIuNIsAAaesiudunatafiniiz dusuiw
psfUsEnavsnaasldiiugadudu 42 i (dnfu
A18819 Fe-2.5/GAC) uay 55 111 (d1mTudieeis Fe-
5.0/GAQ)

mamﬁmwﬁﬁuﬁﬁﬁwwaﬁuaaﬁa@m%’wﬁm
#i99 memadianisgadumenenniglulasiau wuin
Fagatu GAC Tftufifindumg figsnindiegnafigady

40

¥iindu 9 nanie NufiRsinzsogns GAC wihiu 944
m%/g @nSUAI9YN Fe-5.0/GAC uay Fey0s/GAC fitui
g umnziniu 873 m¥g waz 527 m¥/g muddu e
fsaneymamanyszaauduazinansenlediidvuin
aunALazUTIILANANeTY [8] N1SYUIATEUBLAIA
fanamasuuiiufinresigaduiuiusiuividlfsesuns
anasesiiuiitaunzuAn A9y ToomnUsqauei
wwnaynIAsEAvUluausaedeaglulnsagnguley
wesavastudutiulfegnsine seduiufndimeSanas
dieadntios 5U7 3 wanwwanuautinaiuiivesiige
Fuviadailesiinismaasunisgadunazaiedufine
Tulasiau edegsduiusiudnendanisuiusee
nsgudouminUszaauduazivineanleddinsuana
suuuvlelamenvosnsgaduuuuil 1 adrefudiegng
duiusiud d198sdnwaen1sduunlelewmenveinisgn
Fum1usEUU IUPAC uanaini nsgadunag
Aredufinglulansiauvesdigadyu Fe-5.0/GAC uay
Fe,05/GAC fisesuiidnas Fadunaunainnisanasues
ﬁuﬁﬁaaﬁ’wL‘wwmwé’qmﬁLammﬁﬂﬂﬁzmuéuamﬁﬂ
oonlwdtuies udegrdlsAnmunsifuminysygguduas
wineonledasvuiiufinvesdusududlidnado
Tnssaefiugruves Taganuiusius

400 —T 777
—e—GAC
—p>—Fe-5.0/GAC

350 —u—Fe,0,/GAC ]
S 3004 - _'1
K o-se-sds— o8-8
5 - e
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2 250-% 4
o
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< < 1
o
£ 200+ -
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>
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Figure 3 N, adsorption-desorption isotherm of GAC,

Fe,03/GAC and Fe-5.0/GAC.

3.2 Ysuunsgadunaslsndeay
AMsYsInANITNTunassUloaau (Wil

a al

fadlue) favarsluansazarelaieulansenles 250
Taddns N9 IERlagNITIALASNLUUANAENDY
(argentometric method) KAN1TILATILIRANIATTUT 4

wud nssinanimeassnldldmandu (1duds) raslse
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Seeuluansazans NaOH fUsunaufisfumuszoznand
ynnsnaaes il FIgAdu Fe,05/GAC (ufiudimi) i
winltunsidsusdasUsinanalsdlossundeiunsdl
laldagedy dmsusgaduaiin GAC (Euiiudit) Fe-
2.5/GAC (lduAivdun) uay Fe-5.0/GAC (lduiivdiden)
fivsuanaslsdlosauluaisazas NaOH Al 0.005 -
0.01 mmol (Iagdszanay) annsassylaitansgadu
dufusiuduazdufusiudiiufuugenemanussqaued
auansasndunaslsdesuiildannisaatesives
NaERNNIG

— 1009 _ w wio absorbent

g —a—GAC

£ —e—Fe-2.5/GAC

& | —+ Fe-s.0/GAC

G %71 —v—Fe,04/GAC

5}

z

=

S 0.50

o

E

@

@)

3 0.254

2

o}

1723

©

© . -3
0.00 v T - T T T v T T 1
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Time (minutes)
Figure 4 Cl" amount being trapped by NaOH solution

in each running time

1.25 4
"—; —aA—GAC
£ 1 —e—Fe-25/GAC F
E 1004 —+Fe50/GAC ik
£ —v—Fe,0,/GAC
o
5 0.754
12}
B ]
®©
5 0.50+4
& J
E 0.25 4
© «
=
E 0.00
Q
Q
<

_025 T T T T 1
0 50 100 150 200 250

Time (minutes)
Figure 5 Accumulation amount of adsorbed Cl" using

each adsorbent.

mMseeinnuuanmeUnanaslsidesud
findushuansazats NaOH seminsaniedilailduasld
gadurianineg [unadndvesuSununaslsdazauiiga
FuuuaIAIgadu uanswanagl 5 wudn Mgaduviia
GAC Fe-2.5/GAC Wag Fe-5.0/GAC danuaiunsalunis
gduUTInunanIunaeasraz A iviin1svaae (30 -
240 uni) lurazfidagaduriin Fe,04/GAC a115090
dupaslsndaszlugiasgesiaan 30 - 120 w1dl dagadu
yingufududyuindoumanayninuiluuiuszyaud
5% HA1ANENNT0lUN1SgAdUUSINLARRTUEIER fae

41

9M511150AFULUIAY 1.733x107 mg Cl/(g.min) dle
Wieuiusgadusinauiudud wazauiududyuiaiou
wanoyniauluuUseaaud 2.5% Afidnsinisgady
USu1amaa3ulyinfiy 0.737x107° mg CU/(g.min) Laz
1.21x10° mg Cl/(g.min) A uany S fnaduaTuiy
fudvfinuudgsmeauniamdnyszqaud fasnisge
FuvesnasiudasiSusu (0 - 30 uih) igeanitdgedu
dnufiudud 3-4 wih (aeUszuna) wanddiifiuiteynia
wianUszgaudfidmtielunsisinisgaduansraslsdlia

dmsumgeduaiin Fe;05/GAC (3UT 5 tduiiu
A1) iannsgadunaesudassiisudnieslugiig,
Sudu pendsszeziian 120 wiil Uianasiudasy
anasetroiliosmunsitadiandugud Fuinainnisane
%’Umadﬂaﬁuﬁaswuﬁuﬁwmﬁa@m%’u NNV
Oday H. Ahmed uazpmz 3] s3u31 aynamansenles
(Fez05) dawasianisiinufisenisaaiesdmnnuiou
YosiIFluszuTuReULE? (single system) Fainann
n1saaeiusy H-Cldsoyniamaneenled inliiin
wandusiviinaaelsd (FeCles) Wouuagluninvesuds
Inlslada

3.3 UsgAnsnmnisgadu

Usednsannisgadunasiuvesdigaduviin
#1499 uANITIAS197 1 wazgUil 6 wudn Fageaduria
GAC uay Fe-2.5/GAC fiuszavisnmlunisgadunaslsadi
7 BaiAintu 34-36% TasUszanas wagarwansnsaly
nsgaduegi 0.09 - 0.15 mg Cl/g

Table 1 Comparison of dechlorination capacity or

efficiency between this study and others

Adsorbent Capacity Ref.
GAC 0.09 mgc/g This study
Fe-2.5/GAC 0.15 mga/g .

This study
Fe-5.0/GAC 0.30 mga/g
6N NaOH/GAC 0.0681 ghc/g [4]
SiO, 0.0011 ghe/g [4]
ALOs 0.0301 gHc/g [4]
Na,CO3-ZnO 71 wt.% [14]

dmunsiiindinanisyuiadeueynauily
wanUszagudidu 5 wi% Usansamlunisgeaduiiia
Qvﬁulﬂu 2 Wi (UsednEan 70%) Wiguiudseansam
lunisgaduvesiigaduduiuiiudyuindoumaniseq
fud 2.5 wt.% (UszAnsan 36%) nistiiudaduaynin
wanUszaaud Sadueyneilifibidnnseudaszuinm
Anveseynia fauansalunisugaledidnnsoudase
na1sUsznovdufnedig q lundasueifitsaassiun
(chlorinated gas) ¥ilsuBlanasoUDATHLINMRIVB I
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Tuealdd waziindunsnsenseuinslangimaniuing
Nanfasinaesiun (chlorinated sas) 18a8aTu 9, 10]
WideafunuidevesUsznins wasany [4] fivins
Suusanmiusiudienisyuindoulangdanlatledioy
Dunavilinsgeadudsunaiglelaseaslse (HCY) uaz
fnalafiaraslsa (vinyl chlorine gas) laaninauiusiug
winliuiuuge

0.5 T T T T 100
Capacity [l Efficiency
0.4 -80
70.73

2 031 L60 =
g >
A=’ (33
2 5
T .24 F40 o
§ 34.15 <
(&)

014 009 L20

§50.72
0.0 : 1.61IE 6 0

GAC Fe—l2.5/GAC Fe-IS.OlGAC Fe, 0 /GAC
Figure 6 Dechlorination capacity (mg Cl/g adsorbent)
and efficiency (%) using various testing adsorbents for
dechlorination time of 120 minutes.
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Figure 7 Cl adsorption isotherm plot using Freundlich
equation for GAC, Fe-2.5/GAC, and Fe-5.0/GAC.

Table 2 Parameters result for the Cl adsorption

isotherm prediction using Freundlich equation.

viladagadu n Ke R?
GAC 0.3663 5.62x10°  0.9599
Fe-2.5/GAC 1 0.05012 1
Fe5.0/GAC 1 0.05012 1

MELMg: FeEne Fe,05/GAC liigadufitwnaslsn

4. ayUnan13ITY
n1sUFuUgsdgadudtufutudiieldly
AsTUILNSARaes Lt uNaaRni3T Aildannnisaaiesa
naanufounsldanngliennia awnsadiiunislei
g 400 perawaITed LarANAUUITTEINIA LAy
é’ﬂwmxﬁuﬁmmﬁa@m%'umﬁﬂ GAC, Fe-2.5/GAC uag Fe-
5.0/GAC neuaanisldaunveyninvuiadndviinie



o A

NI enansuazinalulad unIneduauasvsnd U0 22 atun 3 Weuriueneu-sunau 2563

oguufiuiavesiIgady nsinsgidieimada EDX
aunsnSeuiisusinesrusenaunaslsdnendinisly
91U Badagadu Fe-50/GAC fAnANTugeda 55 11
nsuSulseigaduauiuiuddenisyuiadeveynia
ulumdnUszaaud 5 wi% anmnsaifiudnsinisgadu
fandndusinassiuamdy 1.73 x 10° mg CW(g.min)
wazlirauanusalunisgadugagn 0.208 me/g wie
fiuszanBaimindu 70% dvudufusiudiiquindou
meaunmamaneenlealiaunsaiinnisgadundnd ae
AABSIWAlA
nsvinnglelamenren1sgaduaiisuuuIaeangy-
ARY @1113085UIENEANTIUNNTRAdUANTUTENDUARAD
lsddedinadu GAC, Fe-2.5/GAC uay Fe-5.0/GAC \lu
LuUMAIETY (multitayen) Tngdagadudufuiudiiqu

o

wieumeayniamanusyagud Tlelevenveanisgadu

Wukuudunss aniuiiivesauiuuaniusaiuig
YeIiIgAtuLIN

6. inAnssuUIZNA

ATl 1Ffunisatfuayusuyssanmainuaiig
Unidggunans Uszian (n) Jeudssun 2560 Any
Fmanssumans uninerdeysny dyaiand 1an.
4/2560

7. References

[1] Ji, M, Chen, L., Que, J.,, Zheng, L., Chen, Z. and
Wu, Z. 2020. Effects of Transition Metal Oxides
on Pyrolysis Properties of PVC. Process Safety
and Environmental Protection, 140: 211-220.

[2] Boonruam, P., Wattanachai, P. and Upasen, S.
2018. Study on Chlorinated Gas Adsorption
Using Activated Carbon via Polyvinyl Chloride
(PVC) Stepwise Pyrolysis Process. Proceedings.
2(20): 1-4.

[3] Luekittisup, P., Tanboonchauy, V., Chumee, J,
Predapitakkun, S., Kiatkomol, R. W.
Grisdanurak, N. 2015. Removal of Chlorinated
Chemicals in H, Feedstock Using Modified
Activated Carbon. Journal of Chemistry. 2015:
1-9.

[4] Enniya, I, Reghioui, L. and Jourani, A. 2018.

Adsorption of hexavalent chromium in aqueous

and

solution on activated carbon prepared from
apple peels. Sustainable Chemistry and
Pharmacy. 7: 9-16.

43

[5] Cheng, S., Zhang, L., Ma, A, Xia, H., Peng, J., Li,

C. and Shu, J. 2018. Comparison of Activated
Iron/Cerium Modified Activated
Carbon to Remove Methylene Blue from

Carbon and

Wastewater.  Journal of Environmental
Sciences. 65: 92-102.

[6] Solgi, M. Najib, T., Ahmadnejad, S. and
Nasernejad, B.  2017.  Synthesis  and

Characterization of Novel Activated Carbon
from Medlar Seed for Chromium Removal:
and Modeling with
Artificial Neural Network and Support Vector

Experimental  Analysis
Regression. Resource-Efficient Technologies.
3(3): 236-248.

[71 Kumar, P.S., Prot, T., Korving, L., Keesman, K.J.,
Dugulan, I, Loosdrecht, M.C.M. and Witkamp
G.J. 2017. Effect of Pore Size Distribution on Iron
Oxide Coated Granular Activated Carbons for
Phosphate  Adsorption - Importance of
mesopores. Chemical Engineering Journal.
326: 231-239.

[8] Lemus, J., Martin-Martinez, M., Palomar, J,
Gomez-Sainero, L., M. A.
Rodriguez, J. J. 2012. Removal of Chlorinated

Organic Volatile Compounds by Gas Phase

Gilarranz, and

Adsorption with Activated Carbon. Chemical
Engineering Journal. 211-212: 246-254.

[9] Messele, S.A., Soares, O.S.G.P., Orfao, JIM.,
Bengoa, C., Stuber, F., Fortuny, A., Fabregat, A.
and Font, J. 2015. Effect of Activated Carbon
Surface Chemistry on The Activity of ZVI/AC
Catalysts for Fenton-like Oxidation of Phenol.
Catalysis Today. 240: 73-79.

[10] Huang, D., Wang, G., Shi, Z,, Li, Z., Kang, F. and
Liu, F. 2017. Removal of Hexavalent Chromium
in Natural Groundwater using Activated Carbon
and Cast Iron Combined System. Journal of
Cleaner Production. 165: 667-676.

[11] Boonruam, P., Soisuwan, S., Wattanachai, P.,
Morillas, H. and Upasen, S. 2020. Solvent Effect

Nanoparticles (nZVI)

Oxidation

ASEAN Engineering Journal.

on Zero-Valent Iron

Preparation and Its  Thermal
Characteristic.

10(2): 1-12.


https://www.sciencedirect.com/science/article/abs/pii/S1001074217309282#!

[12]

o A

NI enansuazinalulad unIneduauasvsnd U0 22 atun 3 Weuriueneu-sunau 2563

Upasen, S. 2018. Activated Carbon-Doped with
Oxide (a-Fex03  NPs)
Preparation: Particle Size, Shape, and Impurity.

Iron Nanoparticles

International Journal of ChemTech Research.

11(10): 33-40.

Ahmed, O.H., Altarawneh, M., lJiang, Z.T., Al-

B.Z. 2017.
Thermal

Harahsheh, M. and Dlugogorski,

Reactions of  Products from
Degradation of PVC with Nanoclusters of Alpha-
Fe,03  (hematite).

Journal. 323: 396-405.

Chemical Engineering

a4

[14]

Torres, D., Jiang, Y., Sanchez-Monsalve, D. A,
and Leeke, G. A. 2020. Hydrochloric acid
removal from the thermogravimetric pyrolysis
of PVC. Journal of Analytical and Applied
Pyrolysis. 149: 104831.

Bi, W. Z., Chen, T. J,, Zhao, R. D., Wang, Z. Q., Wu, J.
L. and Wu, J. H. 2015. Characteristics of a CaSQOq
Oxygen Carrier for Chemical-Looping Combustion:
Reaction with Polyvinylchloride Pyrolysis Gases in a
Two-Stage Reactor. RCS Advances. 5(44): 34913-
34920.



