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the resulting carbon exhibited a larger micropore volume, with pore diameters
predominantly smaller than 3 nm, and a higher specific surface area (1599.73
m? g™"). In contrast, the K,COs-activated carbon was dominated by pores in
the 3.5-4.5 nm range, with a comparatively lower specific surface area (988.91
m® g™"). The point of zero charge (pHpzc) of the prepared activated carbons
was found to be in the range of 6.8-6.9. Adsorption experiments for
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Gidi thiéu chung mao quan cao. Bén canh do, ham lugng I6n cac nhdm

chiic bé mat gitp cho than hoat tinh trd thanh vat liéu
Su hién dién clia cac hgp chat hiiu cg doc hai nhu thuéec h&p phu hiéu qua cho cac chat hitu co. Gan day, viec ché
nhuom [1], khang sinh [2, 3] va cac hop chat phenolic 55 than hoat tinh c6 cAc tinh chat héa hoc va vat ly mong
trong nudc thai cong nghiép dang trg thanh van dé mdi  yén tir chét thai nong nghiép da thu hut nhigu sy quan
trudng nghiém trong do déc tinh cao, kha nang tich ICy tam [6] va cé thé dugc Ung dung lam vat liéu hap phu
sinh hoc va tinh bén viing trong maéi trudng nudc [4]. Cac trong nhigu qua trinh 1am sach nhu xt Iy nudc thai [7),
hop chét nay thudng xuét phat tir cdc nganh cong nghiép lam sach khi [8], va loai b kim loai [9]. Trong s6 do, vo
dét nhudém, dugc phdm va hoa chét, va khé bi phan hiay hat macca (macadamia nut shell) dugc xem 1a ngudn
bdng cac phuong phap sinh hoc théng thudng [5]. nguyén liéu tiém nang do cé ham luong carbon cao, ciu
Than hoat tinh la vat liéu dugc sir dung nhiéu trong cdng  tric lignocellulose bén viing va khd ning tao cau tric
nghé hap phu nha dién tich bé mét riéng 16n, thé tich mao quan phét trién sau qué trinh hoat héa [10]. M6t s&
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nghién clu da& ching minh rang than hoat tinh tr vo
macca la mét chat hap phu hiéu qua déi vai cac hgp chét
phenolic trong nudc thai [11, 12].

Tai Viét Nam, cady macca dugc tréng va md rong nhanh
chéng trong khodng haon mét thap ky gan day, dac biét
tai cac tinh Tay Nguyén va mét s6 vang trung du mién
nui phia Bac. Do d6, than hoat tinh dugc san xuét tir vo
macca rat thuan tién vé ngudn nguyén liéu, dong thai
vat liéu nay dugc xem la mét lya chon tiém nang, than
thién moi truong va kinh té cho cac cong nghé x ly
nudc va bao vé mdi trudng .

Muc tiéu clia nghién clu nay la so sénh qué trinh san
xudt than hoat tinh bang phuong phap hoat hda hoa
hoc vdi hai tac nhéan chinh la K2CO3 va KOH nham thu
dugc than cé cdu tric vi mao quan phat trién, phu hop
dé hdp phu mét sé chat hitu ca phé bién trong nudc
thai cdng nghiép.

Thuc nghiém va phuong phap nghién cdu

Héa chdt

KOH (CAS 1310-58-3), KoCOs (CAS 584-08-7), CsHsOH
(phenol, CAS 108-95-2) dugc mua clia cong ty Xilong,
Trung Quéc. Ci4H12C1NLOs (chloramphenicol, CAS56-
75—7), C28H31C|N203 (RhOdammB, CAS 81‘88‘9) dudc
cung cép bdi Shanghai Anoky Group Co., Trung Quéc.

Ché tao than hogt tinh tir vé macca

Vo macca dugc than hda & 500°C trong diéu kién yém
khi. Sau do dugc nghién nho, Iua chon kich thudc phu
hop bang réay réi ngam G véi dung dich K2CO3 va KOH
vdi ti 1é khéi lugng than/chat hoat hoa = 1/3 trong 8h.
San phdm dugc sdy khé va hoat hoa trong dong N tai
nhiét do 800°C trong 3 gid. Sau hoat hda, cac mau than
dugc ngam vdi HCI 0,1 M trong 4 tiéng, sau doé rla va
loc nédng cho dén khi dat pH trung tinh. Cac mau than
dugc ky hiéu lan lugt la AC cho than géc, AC- KoCOs3
cho than hoat héa bang K2COs va AC-KOH cho mau
than hoat hda bang KOH.

Ddc trung

Than hoat tinh ché tao dugc danh gid bang cac phuong
phap nhu dang nhiét hdp phu nitrogen dugc do & nhiét
do6 77 K bang may phan tich hap phu khi ty déng TriStar
3000 (Micromeritics). Hinh anh bé mat dugc xac dinh
bang phuong phap SEM trén thiét bi JCM-6000PIus.
Piém dang dién dugc xac dinh bang su thay déi pH ctia
dung dich KNO3 trudc (pHi) va sau khi tiép xtc vdi vat
liéu hap phu (pHf) [13].
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Nghién ctu hdp phu chdt hiu co trén than hoat tinh

Cac mau chét hitu ¢ dugc chudn bi véi cac nong do
khéac nhau trong thé tich 150 ml. Mét lugng xéc dinh
than hoat tinh kich thudc tur 0,2-0,5 mm dugc thém vao.
Nong dé chat hitu co dugc xéc dinh bang phuong phap
hép thu quang trén thiét bi UV-Vis Carry 60 theo
phuong phép dudng chuén, cu thé phenol dudc phan
tich bang phuong phép tao mau véi 4-amino antipyrine
va xac dinh bang UV-Vis theo cac phuong phap tiéu
chuén clia APHA [14] tai budc song 505 nm, Rhodamin
B cling dugc phan tich & budc séng 555 nm va
Cloramphenicol dugc phan tich & budc song 276 nm.

K&t qua va thao luan
Bdc trung hda ly cua vat liéu

Anh SEM clia cdc mau than macca: mau than nguyén
khai chua hoat hda va méu than d& hoat héa véi K2CO3
va mau than hoat héa vdi KOH dudc trinh bay trén hinh
1. Céc hinh &nh cho thdy & mau than nguyén khai AC
(hinh 1.a), bao gdm cac manh than vdi rét it xut hién
cac 16 mao quan. & mau than hoat hda béng K-COs I3
AC- K>COs (hinh 1.b) cac 16 mao quan xuét hién nhiéu
han, tuy nhién cé kich thudc nhd. O mau than da hoat
héa bang KOH la AC-KOH(Hinh 1.c) cho théy cac 16 mao
quan dugc md& rong hon nhiéu so vdi than hoat héa
bang K2COs, cac mao quan nay cé kich thudc khong
dong déu. Viéc gia tdng manh cac mao quan réng lam
tang khad néng xuat hién nhiéu mao quan nho thit cép
& phia trong, nghta la co thé gia tdng cla dién tich bé
mat va thé tich vi mao quan.

Hinh 1.d biéu dién dudng dang nhiét hap phu/khir hap
phu N2 ctia than chua hoat héa (than g&c) va hai mau
than hoat hda. Két qud dudng dang nhiét hdp phu va
khit hép phu tach ra khéng trang nhau va cling khéng
co sy xudt hién cta duding tré cho thdy & mau AC chu
yéu hdp phu bé mat ngoai, khéng co cdu tric mao
quan. Trén mau AC-K2COs3 hoa cé su xudt hién dusng
tré khong ré rang, nghfa la c6 mét phan 1a mao quan
I6n hon dugc hinh thanh. G mau AC-KOH, dudng biéu
dién nay cho théy tuan theo dang I trong phéan loai cuart
IUPAC, vdi téng lugng N2 hdp phu cao, nghia la vat liéu
chira nhiéu 16 x8p nhd vdi thé tich vugt troi hon. Diéu
nay dugc khang dinh khi xem xét dudng phan bé mao
quan: & mau AC-KOH, phan b6 mao quan tap trung chd
yéu G kich thudc dudi 3nm, & mau AC-K2COs ¢é sy xudt
hién mét lugng kha 16n & kich thudc 3,5-4,5nm. Xem xét
k§ hon cac théng s6 ti phuang phéap BET dugc xac dinh
trén bang 1 cho thay: dién tich bé mat riéng clia cac mau
lan luct 12 390,28 m?.g™ 3 AC, 988,91 m?.g" & AC-KoCOs3
va 1én dén 1599,73 m?.g” & mau AC-KOH, trong do
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phan dién tich vi mao quan & mau than AC-KOH I3
1526,24 m?.g™, chiém hon 96% téng dién tich bé mat
riéng trong khi dé & mau AC-K2COs chi la 95%. Diéu nay
c6 thé dudgc giai thich khi so sanh kha nang hoat héa
clia K2CO3 va KOH. Qué trinh hoat hoa bang KOH dan
dén su hinh thanh cac vi mao quan & nhiét dé thép, sau

dé 1a su md réng cac mao quan & nhiét dé cao han.
Nguac lai, qué trinh hoat hda bang K,COs dién ra nhe
nhang han va cht yéu lam md& réng cac mao quan hién
c6 hon la tao ra mét lugng 16n cac vi mao quan mdi [15],
diéu nay pht hgp vdi két qua quan sat thdy & dac trung
SEM da phan & trén.
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Hinh 1: Anh SEM mau than tUr hat macca: AC (a) va AC- K-COs (b) va AC-KOH (c), Buding ddng nhiét hap phu - khut
hap phu N2 77K cac mau than (d), dudng phan bé mao quan cac mau than (e) va pHezc clia cac mau than (f)

Bang 1: Thong s bé mat theo phuong phép BET cla

vat liéu
MEU Viot Stric Sex SBET
(m’gh) (m’gh) (m’gh) (m’g’)
AC 0,1743 376,95 13,33 390,28
AC- KoCO3  0,4384 944,86 44,75 988,91
AC-KOH 0,7091  1536,24 62,98 1599,73

Céc két qua dac trung bé mat da chi ra, vat liéu than
hoat hda cé bé mat riéng phat trién manh hon nhiéu so
véi mau than nguyén khai, diéu do cho thay day la vat
liéu h&p phu rét tiém nang, dac biét la than dugc hoat
héa bang KOH.

Gia tri diém dang dién pHpzc dugdc xac dinh dua trén
khao sat su thay déi pH trudc va sau cla dung dich
KNO3 khi ngam véi cac mau than, két qua dugc thé hién
trén hinh 1.f.

Dua trén do thi, c6 thé xac dinh dugc pHezc clia cac mau
than AC, AC- K2CO3 va AC-KOH déu nam trong khoang
6,8-6,9. Diéu nay cho théy, qué trinh hoat hda khdng anh
hudng nhiéu dén diém dang dién clia ho vat liéu. Tai pH
< pHpzc, bé mdt vat liéu tich dién duong va uu tién hap
phu céc anion; nguac lai tai pH > pHezc, bé mat tich dién
am va uu tién hédp phu cac cation.

Nghién ctriu khd ndng hdp phy cla than hogt tinh vo
macca

Nghién ciu khd ndng hdp phu cta than hogt tinh vé
macca véi RhodaminB

Cac két qua dang nhiét hap phu clia ba mau than AC,
AC- K2COs va AC-KOH dudc trinh bay trén hinh 2.a cho
thdy, mau than AC-KOH cho thdy kha ning hip phu
RhodaminB vugt tréi so véi hai mau con lai.

_ K1.Ce
Gmax T KiCe

TU phuong trinh Langmuir: g,

dang tuyén tinh clia phuong trinh nay cé dang:
1 1 y 1 4 1
de Bl qmax-KL Ce
Trén ca s& dudng dang nhiét hdp phu RhB 1én trén cac
mau than hoat tinh thé hién & hinh 2.3, thiét lap dugc
dudng tuyén tinh thé hién trén hinh 2.b.
TU cac phuong trinh tuyén tinh “1/ge-1Ce" tinh dugc céc
hdng s6 cla phuong trinh ddng nhiét hip phu
Langmuir, két qua dugc thé hién trén bang 2.
Bang 2 cho thay mau than AC- K2COs khi hoat hoa cho
gia tri dung lugng hép phu cuc dai tdng cao (60,60mg
g™) so v&i mau than géc AC (13,33 mg g™), va vugt troi
& mau AC-KOH (166,67 mgg™). Diéu nay cho thdy tac
https://doi.org/10.62239/jca.2026.008
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nhan KOH hoat hda bé méat than rét tét, gidp vat liéu co
khd nang hdp phu rdt manh chat hitu cg nhu
RhodaminB. Chinh vi thé, AC-KOH la déi tugng dugc lua
chon cho céc thi nghiém tiép theo.

Bang 2: Cac théng sé can bang hép phu RhB trén cac
mau than hoat tinh va déng hoc hap phu RhB trén
than hoat tinh AC-KOH

Khao sat dang nhiét hdp phu
STT Mau than Ki gmax (Mg.g™)
Than AC 0.103 13,33
Than AC-K>COs 0.324 60,60
Than AC-KOH 0.984 166,67
Khao sat déng hoc hap phu
Pong hoc biéu | Bong hoc biéu kién bac
Nhiét kién bac nhat hai
do (K
L e e @
(9.mg".ph7)
303 0,8914 | 0,0024 | 0,9944 4,7810*
313 0,9515 | 0,0036 | 0,9936 2,33.10*
323 0,9644 | 0,0031 0,9923 0,94.10*
180
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Pdng hoc qué trinh hdp phu Rhodamin B trén loai than
hoat tinh nay dugc khado sat theo hai mé hinh:

+ M6 hinh déng hoc biéu kién bac nhét:

In(qe — qc) = —kit + Ing,

+ M6 hinh déng hoc biéu kién bac hai:

t 1 1

q ka2 " de ‘
Trong do: ge la dung lugng hdp phu tai thai diém can
bang (mgg™); gt 1a dung lugng hdp phu tai thai diém t
(mgg™; ki la hang s6 téc a6 hdp phu biéu kién bac nhét
(phut™; ka2 13 hang s6 t6c d6 hap phu biéu kién bac hai
(gmg™ phut™
Bdng hoc qué trinh hap phu dugc khdo sat & 303K, 313K
va 323K theo déng hoc hap phu biéu kién bac nhat va
bac hai dugc biéu thi trén hinh 2.
Céc théng s6 déng hoc clia qué trinh hip phu dugc
trinh bay trén bang 2. V&i cac gia tri R? 16n hon cho théy
su hdp phu RhB trén than hoat tinh nay tuan theo mé
hinh déng hoc biéu kién bac hai.
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Hinh 2: Dung lugng hé&p phu RhB trén cac mau than hoat tinh (a), M&i quan hé tuyén tinh “1/ge-1Ce” (b) va dong
hoc biéu kién bac nhét (c) va bac hai (d) & ba nhiét d6 303K, 313K va 323K qua trinh h&p phu RhB trén than hoat
tinh AC-KOH
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Nghién ctiu khd ndng hdp phu cta than hogt tinh vo
macca AC-KOH vdi Chloramphenicol (CAP) va phenol

K&t qua nghién cliu dang nhiét hap phu cia AC-KOH vdi
CAP va phenol dudc trinh bay trén hinh 3.a, d thi nghién
clu sy tuyén tinh “1/ge — 1/Ce" dugc trinh bay trén hinh
3.b. TU hinh 3.a 6 thé nhan thdy kha ndng hdp phu cla
than AC-KOH d&i véi CAP la rét tét, déi vai phenol thi dé
hap phu kém hon. Cac két qua tinh todn thong s6 tuéan
theo phuacng trinh Langmuir dugc xac dinh tU cac dudng
tuyén tinh "1/ge — 1/Ce" clia hai dudng dang nhiét hdp
phu trén hinh 3.b, véi cac gia tri R? déu I6n hon 0,99. Gia
tri cac thong s6 rdt ra tU phuong trinh dang nhiét
Langmuir cho thdy vat liéu nay co kha nang hdp phu rét
t6t CAP vai dung lugng hép phu cuc dai 909,09 mgg™,
con déi véi phenol [a 232,56 mgg™. Vat liéu AC-KOH thé
hién tinh hép phu t6t cac chét htiu cd nhu phenol hay
CAP ¢6 thé do hinh thanh tuong tac mt-t gitta phan tlr
cac chét bi & nhiém va bé mat than. Dung lugng hép phu

C, (mg/L)-phenol

CAP I6n hon nhiéu so véi phenol cé thé ngoai tuong tac
ké trén, phan tlr nay con thé hién tinh ki nudc nén co ai
luc t&t v&i bé mat than, ddng thdi cdu tao da nhdm chiic
trong phan tif c6 thé tao tuong tac véi bé mat than cling
dong gop lam cho su hdp phu trd nén thuén Igi hon. Céc
gia tri dung lugng hap phu ching té vat liéu ché tao cé
kha néng hdp phu tét khi so sénh véi mét sé nghién clu
trudc day nhu than lam ti vo budi hoat hda bang KHCO3
cho dung luong hap phu CAP I3 549,5 mg.g™ [16], hay
trong nghién ctu khac, tac gia Joanna L. da chi ra loai
than hoat tinh thuong mai Picabiol c6 dung lugng hép
phu CAP cuc dai 214,91 mg.g4 va than hoat tinh WG-12
sau bién tinh CO, 3 800 °C dat dung lugng hédp phu cuc
dai 343,12 mg.g”" [17]. B&i véi su hdp phu phenol, gia tri
dung lugng hap phu clia mau AC-KOH khé tuong déng
véi mot s6 nghién ciu trudc day nhu tu 214,13 — 246,31
mg.g™ thy diéu kién hoat hoa than cla tac gia B. Xie [18]
hay 268,9 mg.g' trén loai than hoat tinh vién tao tir dau
loc thudc 14 [19].
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Hinh 3: Dung luang dang nhiét hap phu CAP, phenol (a) va D6 thi biéu dién tuyén tinh “1/qe - 1/Ce" clia hai dudng
dang nhiét hdp phu CAP, phenol (b) trén than AC-KOH

Bang 3: Cac thong s6 déng hoc clia qué trinh hdp phu CAP va phenol trén AC-KOH

Chat bi hdp phu ~ R? k10°  ge IN(mgg") ge LT(mgg?) % sai 56 Qe
A 0 CAP 0,9024 8,6 352,92 202,17 42,71
Bac nhat
Phenol 0,9553 20,7 126,08 27,47 78,21
BAC hai CAP 0,9987 0,142 352,92 34482 2,23
) Phenol 0,9998 2,113 126,08 128,21 1,69
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Pong hoc qué trinh hdp phu CAP va phenol trén mau
than AC-KOH & nhiét d6 303K theo d&i sy bién thién
dung lugng hap phu chét 6 nhiém theo thdi gian dugc
trinh bay trén hinh 3.c d& chi ra vat liéu AC-KOH hap
phu kha t6t cd hai chat 6 nhiém CAP va phenol. Tuy
nhién, v&i dung lugng hap phu bdo hoa ge lan lugt la
352,92 mg.g” déi véi CAP va 126,08 mg.g™" su hdp phu
phenol nhanh chéng dat bdo hoa han, vdéi cac gia tri
dung lugng hédp phu & 240 phut xép xi véi dung lugng
hép phu bdo hoa (24h) trong khi dé & qua trinh hdp phu
CAP dung lugng hap phu & 240 phut thép hon nhiéu so
vGi & thai diém bdo hoa.

Két qua khao sat theo déng hoc bac nhét (hinh 3.d) cho
théy cac diém s6 liéu biéu dién mdi quan hé gitta “In(qge-
go)-t " khéng thuc su tuyén tinh véi cac gia tri R? cho dé
tin cay khdng cao vdi R? = 0,9024 d6i véi CAP va 0,9553
déi vai phenol. Két qua tinh toan cac gia tri ddng hoc tu
phuang trinh déng hoc bac nhat trinh bay trén bang 3
cling cho thdy cac gia tri dung lugng hép phu céan bang
Qe tinh todn tU phuang trinh tuyén tinh (ge LT) sai léch
kh& nhiéu so vdi gia tri thuc nghiém thu dudc (ge TN).
Khi khdo sat theo déng hoc bac hai (hinh 3.e) cho théy
cac gia tri t/q: tuyén tinh vai thai gian, cu thé cac gia tri
R? = 0,9987 d&i v&i CAP va 0,9998 déi vai phenol. Cac
gia tri déng hoc tinh toén tUr phuong trinh tuyén tinh
bac hai biéu kién dugc trinh bay trén bang 3 cho cac gia
tri dung lugng hap phu ge LT gén dung vdi gia tri ge TN
vai cac sai sO 1an luot la 2,23% vd&i CAP va 1,69% vdi
phenol. T&r d6 cé thé két luan, déng hoc qué trinh hdp
phu AC-KOH déi véi CAP va phenol tuan theo déng hoc
biéu kién bac hai, két qua nay cling tuong tu nhu vdi
qua trinh hdp phy RhodaminB.

TU bang 3 cling c6 thé théy, hang s6 téc do6 qué trinh
hédp phu phenol trén AC-KOH cao han nhiéu so véi qué
trinh hap phu CAP, vé&i cac gid tri hang s6 t6c dé lan luct
13 2,113.10% g.mg™".ph™ (phenol) va 0,142.10° g.mg " .ph"
(CAP). Biéu nay li gidi cho cac ndng dé Cr clia qué trinh
hép phu phenol & khodng thdi gian tir 180 phut da xap
xi bang néng dé can bang Ce. Su hép phu nhanh hon
déi vai phenol so vai CAP ¢6 thé dudc ly giai dua trén
kich thudc cla hai ti€éu phan bi hdp phu: phan t& phenol
c6 cdu tric nho gon han nén dé dang di sau vao trong
bé mat phia trong, cac vi mao quan cla than nén téc
dé hép phu nhanh hon. Bén canh dé, cac dung dich
phenol thudng cd pH thap han pHezc, tao diéu kién cho
bé mat vat liéu tich dién duong va dé dang hap phu
anion CeHsO™ cling lam cho téc do hép phu tang lén.

K&t luén

Trong nghién ctu nay, viéc téng hap mau than hoat hoa
(AC) tU v& macca bang phuong phap hoat hda héa hoc
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vai KOH va KoCOs lam téc nhan hoat hoa theo quy trinh
hai budc da dugc khao sat. Cac mau than hoat hda thu
dugc co dién tich bé mat rieng 16n (988 meg' va
1599,73 m2.g™), céu trdc 16 x8p chl yéu la vi mao quan.
Nghién clu yéu t6 diém dang dién cho thay cac yéu té
hoat héa khéng lam thay déi nhiéu gié tri pHpzc clia véat
liéu, v&i gia tri nay nam trong khoang 6,8-6,9.

Qua trinh hdp phu dudc thuc hién véi RhodaminB cho
théy than hoat hda bang KOH cho dung lugng hdp phu
cao vugt trdi so vdi than géc va than hoat héa bang
KoCOs, v3i gmax dugc tinh toan theo phuaong trinh
Langmuir l1én dén 166,67 mgg”. Mau than AC-KOH
dugc khao sat thém su hdp phu CAP va phenol. Két qua
cho thdy AC-KOH hap phu rat t&t véi gmax lan luct la
232,56 mgg™' va 909,09 mgg™ déi v&i phenol va CAP.

Khdo sat dong hoc cho thdy cac chét 6 nhiém hitu co
dugc hdp phu trén than AC-KOH tuan theo mé hinh
déng hoc bac hai biéu kién.
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