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TOM TAT

Trong nghién cttu nay, carbon hoat tinh tdng hop tit 16i ngd duogc bién tinh bing
oxide sat va st dung d& hdp phu chloride trong dung dich nudc. Vat liéu sau khi
bién tinh dwoc déc trung bang nhiing ki thuat phan tich héa ly hién dai nhu nhiéu
xa tia X (XRD), phd Raman, hién vi dién t&r quét (SEM), hién vi dién t&t truyén qua
(TEM), hdp phu va khit hdp phu nitrogen (BET). Kha nang hdp phu chloride ctia vat
liéu dugc khao sat theo nong d6 chloride ban dau va thoi gian tiép xtic. Dit liéu dang
nhiét hap phu duoc mé ta tot hon boi moé hinh Langmuir so véi Freundlich, véi
dung lwong hap phu cuc dai duoc xac dinh 1a 14,16 mg/g. Thoi gian dat can bang
hap phu chloride cua vat liéu ting dan khi néng do chloride ban dau thay doi tir 50
dén 100 mg/L. O ndng d6 chloride 50 va 60 mg/L, qua trinh hdp phu chloride phu
hop véi mo hinh dong hoc bac nhat biéu kién, trong khi, ¢ nhitng néng d6 chloride
70 dén 100 mg/L, md hinh déng hoc bac hai biéu kién thé hién tinh thich hgp hon.
Gia tri pHpzc khoang 7,23 va su tang pH dung dich tir 6,8 1én 7,5 sau hdp phu phu
hop véi vai tro cua tuong tac tinh dién va kha nang trao d6i Cl- v6i cac nhom Fe—
OH; tuy nhién, cac dit liéu hién c6 chuira dtt d€ khang dinh duy nhét co ché trao d6i

0on.

Tix khéa: carbon hoat tinh bién tinh, oxide sit, déng nhiét hap phu, dong hoc hap
phu chloride, 16i ng6, FeOx/AC.
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1. GIOI THIEU

Trong b&i canh nhu cau phét trién cac cong nghé xit Iy 6 nhiém theo huéng bén
viing ngay cang gia tang, phuong phap hdp phu st dung vat liéu than thién véi moi
truong da thu hat nhiéu sy quan tam. So voi mot s6 ki thuat xie 1y khac, hap phu c6 uu
diém vé quy trinh van hanh don gian, chi phi thap, hiéu qua tuwong d6i cao va khong doi
hoi cac bude tién xt ly phtic tap. Trong s6 cac vat liéu hap phu dwgc nghién ctu, carbon
hoat tinh (AC) dugc xem la mot trong nhitng vat liéu tiém nang nho dién tich bé mat
riéng 16n, hé mao quan phat trién va tinh twong thich sinh hoc cao. Bang chi y, AC c6
thé dugc tdng hop tir nhiéu ngudn phu phdm ndng nghiép sdn c6 nhw rom ra, ba mia,
vo trau va cac loai sinh khoi lignocellulose khac (Gonzalez-Garcia, 2018), (Bedia va cong
s, 2018). Trong d¢, 16i ngd la ngudn phé phu pham néng nghiép cd trix lwong doi dao,
cdu trtc tw nhién phit hop d€ ché tao vat liéu carbon x8p, nhung hién van dang duoc
thai ra moi treong khong qua xtt ly. Vi vay, viéc tan dung 16i ngd lam tién chat d€ ché
tao AC khong chi gop phéan nang cao gia tri cua phé thai nong nghiép ma con mo ra kha
nang tng dung vat liéu nay trong linh virc xtr ly moi truong (Kazmierczak, Nowicki, &
Pietrzak, 2013).

Maéc du carbon hoat tinh ¢6 nhiéu vu diém, hiéu qua hdp phu cta vat liéu nay
phu thudc dang ké vao ddc tinh bé mat sau qua trinh hoat héa. Thong thuwong, hoat hda
bang acid két hop xtt Iy nhiét c thé lam gia ting dién tich bé mat riéng va phat trién cdu
trac mao quan ctia AC. Tuy nhién, qua trinh nay cling c6 kha nang tao ra hodc lam tang
mat d6 cac nhém chire chira oxy trén bé mat, ddc biét la nhdém hydroxyl va carboxyl. Khi
cac nhom chitc nay bi phan ly trong moi treong nuwdc, bé mat vat liéu c6 xu huéng mang
dién tich am, tr d6 1am giam ai lwc hap phu doéi véi cac anion nhu ClI- do luc day tinh
dién. Han ché nay cho thdy viéc bién tinh bé mit AC la can thiét nham cai thién kha ning
twong tac gitra vat liéu hdp phu va cac ion mang dién tich am.

Trong s8 cac tic nhan bién tinh dwgc quan tim, oxide sit dugc danh gia 1a vat
liéu phti hop do c6 d6 6n dinh twong d6i cao, it gay 6 nhiém thit cdp va cé kha nang lién
két bén voi nén carbon hoat tinh dé€ tao ra cac tam hap phu hoat tinh. Su hién dién ctia
oxide st trén bé mit AC c6 thé tao thém cac tAm hoat tinh, 1am thay ddi dién tich bé mat
va tang kha nang twong tac voi cac ion trong dung dich, dac biét, qua dé thac day qua
trinh trao d6i ion, tuwong tac bé mat hodc tao phiic véi ion Cl- (Oliveira va cong su, 2002).
Vi vay, bién tinh AC c6 ngudn gdc tir 16i ngd bang oxide sit 1a mt hudng tiép can phu
hop dé khao sat kha nang hap phu anion chloride trong nudc.

Nong d¢ chloride trong cac ngudn nuwdce can xit ly c6 thé bién thién rat rong tuy
nguodn phat sinh. Cac nghién ctu gan day vé vat liéu carbon da khao sat chloride &
khoang 500-900 mg/L trong dung dich mdn tong hop (Tarannum va cdng sw, 2024),
trong khi nudce thai thudc da c6 thé c6 nong do chloride ban dau khoang 1702 mg/L
(Tadess va cOng su, 2025). Vi vay, khoang 50-100 mg/L dwoc Iira chon trong nghién cttu
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nay duoc xem 1a vliing ndng do thap nham khao sat cé hé thong dic trung dang nhiét va
ddng hoc cua vat liéu trong dung dich NaCl don thanh phan.

Trong bai bao nay, vat liéu AC duwoc tdng hop tir 16i ngd va bién tinh bang oxide
sat tir mudi Mohr bang phuirong phap kha don gian va ting dung hap phu chloride trong
dung dich nudc. Nghién ctru khong tap trung xac dinh dang ton tai chinh x4c cta oxide
sat trén bé mat vat liéu carbon hoat tinh ma sé danh gia dang nhiét va dong hoc hap phu
chloride ctia vat liéu trong khoang nong d6 50-100 mg/L; dong thoi thao luan co ché kha
di trén co so ddc trung bé mat, pHpzc, bién thién pH va mic d¢ phu hop cua cac md
hinh; co ch€ hdp phu cling da duoc dy doan.

2. THUC NGHIEM
2.1. Héa chat

Loingo 6 xa A Ludi, thanh phd Hué duoc st dung dé tong hop AC. Cac hda chat
tinh khiét dung trong nghién ctu gom HNOs 65%, NaOH, mudi Mohr
(NHa)2Fe(SO4)2.6H20, NaCl, khi N2 dwoc san xuat ¢ Trung Qudc.

2.2. Thiét bi

Mau dugc dic trung bang XRD trén may RINT2000/PC (Rigaku, Nhat Ban) véi
Acuka = 1,5406 A. PhS Raman dugc do trén thiét bi RAM HR800 (Horiba). Anh SEM va
TEM duoc thu trén kinh hién vi dién t& S-4800 (Hitachi, Nhat Ban). Dién tich bé mat
rieng BET duoc x4c dinh bang may Micromeritics ASAP 2020. Qua trinh téng hop va
bién tinh carbon hoat tinh duoc tién hanh trong 10 nung dudi khi No.

2.3. Tong hgp va bién tinh vat liéu carbon hoat tinh

Lai ngo treede khi dweoc carbon hda ¢ 400°C trong moi trueong khi N2 da dwoc so
Ché'béng cach rira sach, cit nho va phoi kho tue nhién. Sau d6, carbon 16i ng6 dwocngam,
khudy va nau ¢ 200°C trong dung dich NaOH 2 M trong 4 gio. Vat liéu sau d6 duoc rira
sach bang nuée cat nhiéu lan cho dén pH trung tinh, sdy ¢ 100°C trong 24 gid va nung
hoat hda ¢ 750°C trong moi trieong khi N2 trong 1 gio. Qua trinh hoat hoa tiép theo dugc
thuc hién véi tac nhan hoat héa la dung dich HNOs, carbon 16i ng6 dwgc ngam, khuay
trong dung dich HNOs 0,1 M trong 4 gio ¢ nhiét d¢ 80°C. Vat liéu carbon hoat tinh thu
duoc sau khi loc 13y, rtra sach chat rdn sau khi ngam trong dung dich HNOs bang nuéce
cat cho dén pH trung tinh, sdy 6 100°C trong 24 gio va nung hoat hoa ¢ 800°C trong moi
treong khi N2 trong 1 gio.

Débién tinh bé mat vatliéu carbon hoat tinh be‘“mg oxide sit, mudi Mohr rin dwoc
tron déu va nghién min voéi vat liéu véi ty 1€ khoi luong xac dinh sao cho ham lwgng Fe
trong vat liéu 1a 4,11%, sau d6 hdn hop dugc nung trong moi trueong khi N2 & 750°C

trong 1 gio véi tdc dd gia nhiét 5°C/phut.
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2.4. Cac phuong phap thuc nghiém

bé€ dinh luwgng chloride trong dung dich nudc, phwong phap Mohr dugc stt dung
véi chét chudn la dung dich AgNO:s véi chi thi mau la K2CrOs. Ag* phan tng véi Cl- tao
két tua AgCl cho dén khi hét ion Cl trong dung dich, mdt giot ion Ag* du tao két tua
Ag>CrOs mau do gach (tin hiéu diém tuwong duong).

Thi nghiém danh gia kha ndng hdp phu chloride trong dung dich nudc cta vat
liéu AC bién tinh dwgc thye hién trong binh tam giac 100 mL chita 20 mL dung dich
NaCl nong d6 50 mg/L (pH khoang 6,8-7 (Nguyén H6 Ngoc Thu va cong su, 2025)) duoc
khudy déu véi 0,1 g AC bién tinh trong 3 gid ¢ 30°C d& qua trinh hap phu dat can bang.
Nong d¢ chloride duoc xac dinh sau qua trinh hap phu. Hiéu suat hap phu duwoc xac
dinh dwa vao cong thic (1).

H(%) — mCl_sauhipphu.loo (1)
™Mci~ ban dau

Thi nghiém d:fmg nhiét va dong hoc hap phu duoc thuc hién ¢ nhiing néng do
NaCl ban dau 1a 50, 60, 70, 80, 90 va 100 mg/L, 20 mL dung dich NaCl duoc khuady déu
v6i 0,1 g AC bién tinh trong 3 gio 30°C d€ qua trinh hdp phu dat can bang. Néong do
chloride dwoc xac dinh sau qud trinh hap phu. Cac md hinh dang nhiét Langmuir
(phuong trinh (2)) va Freundlich (phwong trinh (3)) dwgc st dung d€ danh gia s6 liéu
thire nghiém (Nguyén Dtrc Vii Quyén va cong sw, 2024). Dung lwong hap phu cuc dai
(Qm) cua vat liéu AC bién tinh déi véi chloride dwgc xac dinh.

Qe =T (2) Qe = Kr.C" (3)
Trong d6, C. la nong d6 can bang ctia Cl- trong dung dich sau hdp phu (mg/L);

Q. 1a dung luong hap phu Cl- ctia vat liéu (mg/g) duoc tinh theo cong thic Q, = L=

(4), trong do6 Co la

m

noéng dd ban dau cta Cl- (mg/L), V va m lan luot 1a thé tich dung dich Cl- (L) va
khoi luong vat liéu (g); Qw la dung luwong hdp phu cuc dai (mg/g) cuia vat liéu d6i véi Clr
; Kela héng s0 Langmuir; Kr va n 1a cac héng s0 Freundlich.

D4i véi mobi nong do trén, 250 mL dung dich dung dich NaCl 50 mg/L. duoc
khuay déu vdi vat liéu AC bién tinh voi liéu luong 5g/L. Ctr mdi 10 phat, 10 mL hon hop
ran long trong coc duoc 1ay ra va thuc hién qua trinh chuan d6 dung dich dé€ xac dinh
nong d6 NaCl con lai trong dung dich. S6 liéu duoc xem xét sy phtt hop véi cac mo hinh
dong hoc bac nhat (LFO) (phuong trinh (5)) va bac hai (PSO) (phuong trinh (6)) (Nguyén
Dtec Vii Quyén va cong sw, 2024).

t t t

In(Q, — Q¢) = InQ, — k4t (5) o = Y + = (6)

Trong d6 ki va k2 Ian luot 1a héng sO toc d6 bac nhat va bac hai.

94



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué
Tap 35, S6 2 (2026) ISSN: 2354-0842

3. KET QUA VA THAO LUAN
3.1. Dic trung vat liéu AC bién tinh (4,11FeO~/AC)

Két qua phan tich nhiéu xa tia X dwoc trinh bay ¢ hinh 1(a) cho thay vat liéu AC
bién tinh c6 cau tric gom dong thoi hai thanh phan: phan nén carbon mang tinh v dinh
hinh (c4c dai nhiéu xa rong trong vung 20-26° va 41-45°, twong tng v&i cdc mat mang
(002) va (100)) va cac pha tinh thé ctia oxide sit (g6c nhiéu xa 30,3°; 35,8° va 43,9° gan
cho cac mit tinh thé (220), (311) va (400) ctia oxide sat c6 cdu trdc spinel, dién hinh la
Fe;O4 hodc y-Fe,Os) (Nguyén Ptec Vi Quyén, Lé Thi Hoa, va H6 Thi Thuy Dung, 2026).
Do céac pha nay c6 cac vi tri nhiéu xa gan tuwong dong, két qua XRD hién tai chua cho
phép phan biét mot cach chac chan gitta Fe;O, va y-Fe;O; cling nhu xac dinh dinh leong
trang thai oxi hoa ctia Fe. Vi vy, trong nghién cttu nay, pha chtta sat dwoc ky hiéu chung
la FeOx.

Song song voi do, cac vung tin hiéu trai rong ddc trung cho carbon hoat tinh (mat
mang (002) va (100)) tai cac khoang goc 20-26° va 41-45° van dugc duy tri so véi mau AC
nguyén ban. Nhiing két qua nay, két hop véi su xuat hién ctia cdc dinh nhiéu xa déc
trung cua oxide sat, cho thdy cdc hat FeO, da duoc hinh thanh va phan bd trén nén
carbon hoat tinh.

40 4 S -
(a) = — S
351 W S o 8
MeEg g R
30- Foon 2] N E
= 2 002) eyl 'y 4,11Fe0,/AC o
g 254 /! M’WW‘LWWMW &) S
T 20 SRS
> . s ‘
S 159 g $ - WM
10. S % | [Ip/lg=0928] /~
o |
Q -
5- be
[16/16=0,649
0 T T T T T T T QQQ T T T T T T
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Goc nhiéu xa (°) S6 song (cm™)

Hinh 1. Gian d6 XRD (a) va phd Raman (b) ctia vat liéu AC va 4,11FeOx/AC
(Nguyén DPuc Vi Quyén, Lé Thi Hoa, va H6 Thi Thuy Dung, 2026).

Bén canh két qua XRD, ph6é Raman ¢ hinh 1(b) cung cdp thém thong tin vé sy
thay do6i cdu truc carbon sau khi duwa oxide sdt vao vat liéu. Ty 1é cuong do In/Ic cta
FeO«/AC cao hon AC nguyén ban, cho thay mau FeOx/AC c6 mitc d0 mat trat tw cao hon
so voi AC nguyén ban, cho thdy mic d¢ mat trat ty ting va sy hinh thanh thém céc
khuy#ét tat cuc bd trong cau tric carbon sau bién tinh (Nguyén Dtic Vii Quyén, Lé Thi
Hoa, va Hb Thi Thity Dung, 2026).

Dién tich bé méat BET ctia véat liéu AC triedce va sau khi bién tinh thé hién sy chénh
léch kha nhiéu khéng dinh sw ¢ mit cua oxide sit trén bé mit AC da che lap mot s6 cau
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triic vi mao quan cta vat liéu, do vay lam giam dién tich bé mat BET cta vat liéu AC ti
422,61 m?/g xudng con 209,77 m?/g (Nguyén Dtic Vii Quyén, Lé Thi Hoa, va H6 Thi Thuy
Dung, 2026).

C4u trtc cua bé mat cua vat liéu AC va 4,11FeO«/AC duoc lam rd trong anh SEM
(hinh 2(a)) va TEM (hinh 2(b)) ctia vat liéu. Quan sét cho thdy sy phan b cua cac hat
nano FeOx (kich thudc dao dong 30-70 nm) trén bé mat vat liéu AC kha dong déu, lam
tang tiép xuc gitra tam hap phu va ion Cl, tit d6 thuc ddy hiéu sudt hdp phu Cl- cta cac
tam hoat tinh trén bé mat vat liéu.

IMS-NKL 5.0kV 6.0mm x50.0k SE(M)

Hinh 2. Anh SEM (a) va TEM (b) ctia vat liéu 4,11FeO./AC
(Nguyén Dtic Vii Quyén, Lé Thi Hoa, va H6 Thi Thuly Dung, 2026).

biém dién tich khong cta vat liéu (pHrzc) cing da dugc xac dinh vao khoang
7,23 (Nguyén H6 Ngoc Thu va cong sy, 2025).

3.2, Déng nhiét hap phu chloride 1én vat liéu 4,11FeO~/AC

S6 liéu thuc nghiém ctia nghién ctu déng nhiét hap phu chloride 1én vat liéu AC
bién tinh da dugc danh gia ¢ hai md hinh dang nhiét hap phu nhu & hinh 3. C6 thé thay
rang mo6 hinh Langmuir c6 hé s8 xac dinh R? =0,9812 (bang 1), cao hon rd rét so véi mod
hinh Freundlich véi R? = 0,8809, cac gia tri thuc nghiém da s6 trung véi duong dang
nhiét Langmuir trong khi 1éch khoi duwong dang nhiét Freunglich khd nhiéu. Do vay, md
hinh Langmuir m6 ta qua trinh hap phu t6t hon, ting ho cho co ché hdp phu don 16p ion
Cl- 1én bé mat vat liéu carbon hoat tinh bién tinh véi dung luong hap phu cuc dai khoang
14,16 (mg/g) (bang 1). Két qua cho thdy gm ctia 4,11FeOx/AC thdp hon mot sd biochar
bién tinh HCl duoc cdng bd gan day (Ishaq va cdng sw, 2025) va thap hon dang ké vat
liéu tte vo ca phé hoat hoa khi xt¢ ly nude thai thudc da (Tadess, Gezahegn and Abrha,
2025). Tuy nhién, do khéc biét vé nong d6 ban dau, pH, liéu lwong va nén dung dich, cac
gia tri nay chi mang tinh tham khao va khong chiing minh wu thé tuyét doi cua vat liéu
nao.
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Bang 1. C4c thong s§ dang nhiét theo m6 hinh Langmuir va Freundlich ctia qua trinh
hap phu CI- trén vat liéu 4,11FeOx/AC

MO0 hinh Langmuir Mo hinh Freundlich
gm (mg/g) Kt R? n Kr R?
14,16 3,07 0,9812 11,12 10,92 0,8809
5@ 157 (5
144 14-
L3 . Q. = 14,16.3,07.C, /(1+3,07.C,) 134
< 12 R’=09812 S 124 Q, = 10,92.C, 1112
11- n Gi:é tri th'liIC nghiém . 1. ] R?=0,8809
Dang nhié¢t Langmuir " Gifi tri thuc nghiém
104 0] | Pang nhiét Freundlich
91— T T T T T T 1 91— T T T T T T 1
0 5 10 15 c 20 25 30 35 0 5 10 15 . 20 25 30 35
e e

Hinh 3. Phuong trinh phi tuyén tinh ctia md hinh dang nhiét Langmuir (a) va
Freundlich (b) md ta hdp phu Cl- 1én vat liéu 4,11FeO«/AC.

3.3. Dong hoc hap phu chloride 1én vt liéu 4,11FeO~/AC

Hinh 4 cho thdy dung lwong hap phu Cl- cuia vat liéu 4,11FeOx/AC ting dan theo
thoi gian, ddc biét, ting nhanh trong 10 phtt dau. Thoi gian dat can bang hap phu ting
dan theo nong d¢ Cl- ban dau, 40 phut d6i v6i nong dd 50 va 60 mg/L; 50; 60; 70 va 80
phut Ian luot d6i voi nong do 70, 80, 90 va 100 mg/L. Sau khi dat dén trang théi can bf?mg,
dung luwong hap phu ctia vat liéu thay d6i gan nhuw khong déng ké.

70p

—=— 50 mg/L
—e— 60 mg/L

Dung lwong hap phu Cl™ (mg/g)
oo

—A— 70 mg/L

1 —w— 80 mg/L

4 - —— 90 mg/L
100 mg/L

2 T T T T T T T T T T T T !
0 20 40 60 80 100 120
Thoi gian (phut)
Hinh 4. Anh huong ctia thoi gian hdp phu dén dung luong hap phu ctia vat liéu
4,11FeOx/AC.
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Ban chat dong hoc cua qua trinh hdp phu duoc danh gia thong qua phuong trinh
ddng hoc bac nhat va bac hai nhu trinh bay & hinh 5. C6 thé nhéan thdy, 6 nong d6 Cl-
ban dau 50 mg/L, phuong trinh PFO c6 hé s6 xac dinh (0,9993) cao hon PSO (0,9897),
dong thoi Q. du doan boi phuong trinh PFO gan Q. thuc nghiém hon. Tai nong d6 60
mg/L, phuong trinh PFO van c6 R? cao hon so véi phuong trinh PSO (0,9977 so véi
0,9818), nhung Q. dw doan boi PSO (11,455 mg/g) lai gan Q. thuwe nghiém (11,700 mg/g)
hon so véi Q. cia PFO (13,628 mg/g). Nhu vay, tai 60 mg/L, hai tiéu chi R? va d6 gan cta
Q. cho két luan khong hoan toan dong nhat; vi thé qua trinh hap phu Cl ¢ ndong d6 nay
khong tuan theo mot cach tuyét ddi vao moét mo hinh duy nhét.

Trong khoang nong do Cl- ttr 70 dén 100 mg/L, gia tri hé s6 xac dinh ¢é khuynh
hudng nguoc lai, tirc la phuong trinh PSO ¢é R? cao hon phuong trinh PFO. Diéu nay
ung ho cho sy hap phu vatly 6 ndong d6 Cl- thap (50, 60 mg/L), trong khi, qua trinh hap
phu héa hoc nhu trao ddi ion, tao phirc bé mat, hodc twong tac manh gitra ion Cl va céc
nhém chirc/tam FeOx trén vat liéu 1a co ché€ vu thé chiém uu thé & vung nong d6 Cl- cao
hon tir 80 dén 100 mg/L (Simonin, 2016).

Viéc thao luan co ch€ dugc xem xét thém tir dién tich bé mdt va bién thién pH.
V6i pHrze khoang 7,23 (Nguyén H6 Ngoc Thu va cong su, 2025), & pH ban dau 6,8-7,0
bé mat 4,11FeOx/AC ¢6 xu hudéng mang dién tich dwong nhe, thuan lgi cho twong tac
tinh dién véi Cl.. Sau hap phu, pH tang tir 6,8 1én 7,5 ¢ thi nghiém NaCl 50 mg/L, liéu
lwong vat liéu 5 g/L (Nguyén DPuc Vi Quyén, Lé Thi Hoa, va H6 Thi Thuy Dung, 2026).
Su tang pH nay phu hop véi kha nang Cl- thay thé nhém —OH tai cac tam Fe-OH va giai
phéng OH-, c6 thé biéu dién theo can bang bé mét:

AC-Fe-OH + CI- & AC-Fe-Cl + OH~.

Tuy vay, su khéng dinh chic chén co ché van chua duoc chiing minh do han ché
ctua nghién cttu la khong thye hién ddc trung FT-IR ctia vat liéu truede va sau hdp phu Cl-
. Do vay két luan phu hop hon la qua trinh c6 thé dong thoi chiu anh hudng cta twong
tac tinh dién, chuyén khdi/khuéch tan va kha nang trao ddi tai cac tam FeOx.
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Hinh 5. Phuong trinh tuyén tinh cia mé hinh dong hoc bac nhét (a) va bac hai (b) mo
ta hap phu Cl-1én vat liéu 4,11FeO«/AC.

Bang 2 cho thay khi néng d6 chloride ban dau tang ttr 50 dén 90 mg/L, gia tri Q.
thirc nghiém tang ttr 9,945 1én 14,333 mg/g. Xu hudng nay phut hop véi su gia tang dong
luc chuyén khoi khi chénh léch nong d6 gitta dung dich va bé mat vat liéu tang. Tuy
nhién, tai nong d6 100 mg/L, Q. thuc nghiém giam nhe xudng 14,040 mg/g, cung voi sy
tiém can gia tri dung lwgng cuc dai tir mo6 hinh Langmuir, két qua nay cho thdy bé mat
vat liéu co thé da tién gan dén trang thai bao hoa, hodc s6 vi tri hdp phu con tréng khong
con du dé tiép tuc lam tang dung lwong hap phu 6 rét.

Ttt nong d6 Cl- ban dau 50 dén 60 mg/L, hing sd tdc dd bac nhat ki va bac hai k-
déu c6 xu huong tang, cd thé 1a do & nong d6 60 mg/L, chénh léch nong do gitta dung
dich va bé mat vat liéu 16n hon so vdi 50 mg/L, sw chénh 1éch nay lam ting dong luc
khuéch tan ctia ion CI tir dung dich dén cac tam hdp phu trén bé mat carbon hoat tinh
bién tinh FeOx. Khi s6 tam hdp phu con du nhiéu va chua bi bao hoa, viéc tdng nong do
ban dau gitp tang tan sudt va cham gitta ion Cl- va bé mat vat liéu, lam qud trinh hap
phu dién ra nhanh hon.

Su giam dan cta cac hang s8 tdc dd ki va ke khi nong do Cl- ban dau tang tir 70
dén 100 mg/L cho thdy tdc dd hdp phu biéu kién ctia qua trinh giam ¢ vung néng do cao,
phu hop vdi viéc s luwong tam hap phu con trong trén bé mat vat liéu 4,11FeOx/AC giam
dan khi néng d6 chloride tang va tro lwec chuyén khdi/khuéch tan tro nén dang ké hon
khi bé mét tién gan trang thai bao hoa, lam tang su canh tranh gitta cac ion Cl- d6i voi
cac vi tri hdp phu. Do d6, méc dit dung lwong hdp phu can bang Q. van ting hoic gan
nhu 6n dinh, tdc d6 dat can bang lai giam, chting té bé mét vat liéu cé xu hudng tién gan
dén trang thai bao hoa hap phu.

O vung ndng d6 70-100 mg/L, md hinh bac nhat du dodn Q. thadp hon thuc
nghiém, cho thdy md hinh nay chuwa phan anh day da kha nang hap phu thuc t€ ctia vat
liéu 6 nong do cao. Nguoc lai, mo6 hinh bac hai du doan Q. cao hon thuwe nghiém, cho
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thdy mo hinh nay mo ta xu hudng dong hoc tot hon nhung c6 xu huwdéng danh gia cao
dung luong can bang.

Tt cac két qua trén, c6 thé khang dinh s thay d8i nong do chloride lam thay d&i
dong hoc biéu kién cua hé 4,11FeO«/AC va ¢ vung nong do cao, qua trinh hap phu CI-
trén vat liéu 4,11FeOx/AC khong con 1a qua trinh hdp phu vatly don gian. Qua trinh nay
c6 thé bao gom dong thoi khuéch tan, twong tac bé mat, trao ddi ion va twong tac voi cac
tam FeOx. Tuy nhién, do vat liéu tién gan dén trang thai bao hoa, dung luong hap phu
thuc t€ thdp hon so vodi gia tri dw doan boi mo hinh bac hai.

Bang 2. C4c tham s6 ctia phwong trinh dong hoc bac nhat va bac hai mo ta qua trinh
hap phu CI- trén vat liéu 4,11FeOx/AC

Nong Phwong trinh dong hoc bac Phwong trinh dong hoc bac

do Clr nhat hai Q. thuee
ban nghiém
dau | @ b R’ o ol g | (mgly)
(mg/L) (mglg) | (1/phut) (mg/g) | (L/mg.phit)

50 10,831 0,0833 0,9993 13,723 0,0069 0,9897 | 9,945

60 13,628 0,0927 0,9977 11,455 0,0095 0,9818 | 11,700

70 11,114 0,0749 0,9942 14,571 0,0081 0,9981 | 12,870

80 10,668 0,0616 0,9779 15,567 0,0067 0,9958 | 13,748

90 11,679 0,0539 0,9926 16,450 0,0053 0,9985 | 14,333

100 13,196 0,0450 0,9167 16,471 0,0038 0,9921 | 14,040

Gidi han ctia nghién cttu 1a cac thi nghiém hién tai dwoc thirc hién trén dung dich
NaCl don thanh phan, sy anh hudng cta cac anion khac nhu sulfate, carbonate dé
nghién cttu c6 thé huéng dén tng dung trong trong moi treong nuwde lo hodc nude
nhiém man. Bén canh d6, kha ndng tai st dung vat liéu cling dang dugc tap trung nghién
ctu tiép theo, do do, két luan vé do bén tai s dung hoac tinh chon loc chloride trong
nén nudc lo/nwdc man thuc chuwa dugce xac dinh. Day 1a cac ndi dung can dugc thyc hién
0 giai doan nghién ctru tiép theo truede khi danh gia kha nang ting dung thuec t& cua vat

liéu.

4. KET LUAN

Vat liéu carbon hoat tinh bién tinh oxide sat (4,11FeO+/AC) da duoc tong hop va
tng dung dé hap phu chloride trong dung dich nudc. Két qua dic trung vat liéu cho
th4y oxide sét duoc phan b trén nén carbon hoat tinh. Qua trinh hap phu chloride phu
hop 6t véi mo hinh dang nhiét Langmuir hon Freundlich, véi dung lwong hap phu cuc
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dai dat 14,16 mg/g, cho thay hdp phu c6 xu hudng xay ra theo dang don 16p. Két qua

ddng hoc cho thay ¢ nong d6 Cl- thap 50-60 mg/L, qua trinh hdp phu phu hop hon véi

mo hinh dong hoc bac nhat biéu kién, trong khi 6 néng d6 cao 70-100 mg/L, mo hinh

dong hoc bac hai biéu kién mo ta t6t hon. pHrze khoang 7,23 va sy tang pH ti 6,8 1én 7,5

sau hdp phu phu hop véi twong tac tinh dién va kha néng trao d6i Cl- tai cac tam Fe-

OH. Sy thiéu hut nghién ctru kha nang tai st dung ctia vat liéu va sy canh tranh ctia cac

anion dong ton tai chinh la co s& cho cac nghién cttu ti€p theo trén nén nudc thyee va

danh gia do bén vat liéu.
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ADSORPTION ISOTHERM AND KINETIC STUDIES OF CHLORIDE REMOVAL
FROM AQUEOUS SOLUTION USING MODIFIED ACTIVATED CARBON
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ABSTRACT

In this study, activated carbon synthesized from corncobs was modified with iron
oxide and used for the adsorption of chloride from aqueous solution. The modified
material was characterized using modern physicochemical analytical techniques,
including X-ray diffraction (XRD), Raman spectroscopy, scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and nitrogen
adsorption—desorption analysis (BET). The chloride adsorption capacity of the
material was investigated as a function of the initial chloride concentration and
contact time. The adsorption isotherm data were better described by the Langmuir
model than by the Freundlich model, with a maximum adsorption capacity of about
14.16 mg/g. The time required to reach chloride adsorption equilibrium increased as
the initial chloride concentration varied from 50 to 100 mg/L. At chloride
concentrations of 50 and 60 mg/L, the chloride adsorption process fitted the pseudo-
first-order kinetic model, whereas at chloride concentrations from 70 to 100 mg/L,
the pseudo-second-order kinetic model was more applicable. The pHrzc of
approximately 7.23 and the increase in solution pH from 6.8 to 7.5 after adsorption
are consistent with electrostatic attraction and possible Cl- exchange at Fe—~OH sites;
however, these observations alone are insufficient to establish ion exchange as the

unique adsorption mechanism.

Keywords: activated carbon, iron oxide, adsorption isothermal, chloride adsorption
kinetic, corn-cob, FeOx/AC.
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