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Activated carbon (AC) has been used widely as an adsorbent in
environmental treatment thanks to their low-cost and high surface area.
To enhance the adsorption capacity to heavy metal ions (HM) in water,
the surface of AC is usually functionalized with various organic
functional groups that have a high chelating affinity to HM such as
hydroxyl, carboxyl, amino, and thiol. Grafting polyethyleneimine (PEI)
onto the surface of various absorbents has been demonstrated to
increase their HM removal efficiencies. However, the effects of PEI
grafting on the performance of AC have not been fully explored yet.
Herein, we grafted PEI onto the surface of oxidized activated carbon
(0AC) and compared their porous structure and the adsorption
properties toward Cu(ll). Nitrogen adsorption—desorption analysis
shows that PEI grafting reduces both the surface area and porous
volume of the adsorbent by nearly 50%. Nevertheless, the PEI grafting
makes the adsorption sites on the adsorbent’s surface more
homogeneous and increases the adsorption maximum to Cu(ll) by 26%.
The constradict effects of PEI grafting demonstrated herein could be
beneficial to developing AC-based materials for HM removal.

CAC ANH HUONG TRAI CHIEU PEN TiNH CHAT HAP PHU KHI GAN PEI
LEN BE MAT THAN HOAT TiNH
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THONG TIN BAI BAO TOM TAT
Ngay nhén bai: 23/02/2024 Than hoat tinh (AC) da dugc sir dung rong rdi lam vat |iéL{ hap phu
. o trong Xt Iy moi truong do gia thanh ré va chung c6 dién tich bé mat 1on.
Ngay hoan thign:  29/5/2024 & 506 qung lugng hap phu ciia AC véi ion kim loai nang (HM) trong
Ngay ding:  29/5/2024 nudc, bé mat ciia AC thuong dwoc chic ning héa voi cac nhém chirc
hitu co c6 kha ning tao phitc véi HM nhu nhoém hydroxyl, carboxyl,
TU KHOA amino va thiol. Gin polyethyleneimine (PEI) 1én bé mat vat liéu hap
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phu da duoc minh ching 1a c6 thé lam ting kha ning xtr ly HM. Tuy
nhién, anh huéng cua PEI dén hiéu suat chwa duge mé ta ddy du. Trong
nghién ciru nay, ching t6i gin PEI 1én bé mat AC da oxi hoa (0AC) va
so sanh céu tric xop, kha nang hip phu Cu(Il) trong nuéc cua ching.
Phan tich hap phuy - giai hap nitrogen cho thay viéc gin PEI 1én bé mat
AC lam giam dién tich bé mat va thé tich 16 xp gan 50%. Mic du vay
PEI lai lam ting dung luong hap phu cuc dai ddi voi Cu(Il) 1én 26%.
Nhitng anh huong trai chiéu cia viéc gan PEI dén AC trinh bay trong
bai bao nay cé gia tri cho viéc phat trién vat liéu hap phu ion kim loai
nang trén co so than hoat tinh.
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1. Gigi thigu

Than hoat tinh (AC) 1a vat liéu hép phu dugc st dung rong rai trong xir ly moi truong vi AC
c6 dién tich bé mat riéng 16n, c6 do bén co hoc cao, twong dbi tro, khong doc hai, dé tai sinh, va
c6 thé téng hop lugng Ion tir nhiéu nguon nguyén lidu khac nhau, dac biét 1a tir cac phé pham
ndng nghiép [1], [2]. Trong xur 1y 6 nhidm nudc, voi hai nhom chét 6 nhiém dién hinh 13 ion kim
loai nang (HM) va chat mau hitu co, AC ciing duoc uu tién str dung & quy mé xu 1y 16n do ¢ wu
diém vé gia thanh khi so sanh véi cac phuong phap khac nhu xir Iy hoa hoc, mang loc, dién hoa,
va quang xtc tac [3]. Kha ning hip phu cia AC d6i v6i chat mau hitu co phu thudc vao luc
tuong tac giita chung bao gdm twong tac van der Waals, lyc hut tinh dién, hay lién két hydrogen.
Trong khi d6, kha ning hap phu HM ciia AC phu thudc vao kha ning tao lién két phéi tri trén bé
mat AC v6i HM, lyc hiit tinh dién, va kha ning trao ddi ion [4]-[6].

Dé nang hiéu qua caa AC trong hap phu ion kim loai nang trong nuéc nhidu phuong phap
bién tinh AC di duoc dé xuat, cac phuong phap nay co thé phén loai thanh ba nhém chinh bao
goém 1) bién tinh vat ly, 2) tao composite voi chat khac, va 3) bién tinh hoa hoc [7]. Cac k§ thuat
vat 1y nhu nhiét hoa bang vi song, xu ly bang song siéu am va hoat hoa véi hoi nudc 6 nhiét do
cao c6 thé 1am ting d6 xdp va dién tich bé mat cua AC [8], [9] trong khi k§ thuat nhu plasma
lanh c6 thé 1am tang cac nhom chire nhu carboxyl trén bé mat AC [10]. Khi cac kim loai nang ton
tai & dang anion nhu asenite, asenate, va chromate chiing c¢6 tuong tac yéu véi AC thong qua luc
hut tinh dién. Do d6, két hop AC véi cac vat liéu khac nhu iron oxide c6 thé lam ting dang ké
kha nang hap phu ciia composite Vi cac anion HM [11]. Theo huéng bién tinh hoa hoc, bé mat
cia AC duoc gan cac nhom chic ¢ kha nang tao lién két phdi tri véi HM nhu thiol [12], amino
[13], [14], va carboxyl [15]. Khi mat d¢ cac nhom churc tang, dac biét 1a khi khoang cach gitia
céac nhom chirc phit hop dé tao thanh lién két da phdi tri véi HM, thi kha ning hap phu HM cua
vat liéu tang. Theo hudng nay, vat lidu duoc gan polyethyleneimine (PEI) — mot loai polymer c6
nhiéu nhom chtrc amino canh nhau, da dugc minh ching 14 c6 kha nang hip phu nhiéu loai HM
khac nhau trong nuéc [16]. J. Lan va cong sy gan PEI 1én AC va cho thdy dung luong hap phu
dbi voi Cu(Il) trong nude ting 239% [17]. Tuong ty nhur vy, nhém nghién ciu cia Z. Qin cho
thay khi gén PEI 1én AC lam dung luong hap phu ddi véi Cd(II) tang 4 1an [18]. Nghién ctu cua
V. E. Pakade va cong su cho thiy AC gian PEI (PEVAC) 6 thé hap phu Cr(VI) véi dung luong
ti da dat 114 mg/g [19]. Céc nghién ctu nay phan nao cho thay tiém nang cua vat lieu PEI/AC
trong xtr Iy nuwéc nhiém HM, tuy nhién nhimg thong tin vé co ché lién két giita PEI va AC, anh
huéng caa PEI dén cu tric xép cua AC hay kha ning hip phu cua PEI/AC dbi voi nhitng HM
khac van con han ché so vai silica gan PEI [16], [20], [21].

Trong bai bao nay, chung toi gan PEI 1én AC thuong mai va nghién ciru anh huong cua PEI
dén ciu triic xop ciing nhu kha niang hap phu cia AC. Sir dung phuong phap hap phu - giai hip
nitrogen va nghién ctu hap phu tinh v6i Cu(ll) cho thdy PEI/AC c6 dung lugng hip phu cao hon
s0 Vi AC mic du viéc gan PEI 1am cho dién tich bé mat va thé tich 16 xop giam.

2. Thwc nghiém
2.1. Héa chdt, thiét bj

Hoa chit va dung mdi bao gdm NaOH (AR), HNO; (68%), va ethanol (99,7%) do CTCP Tép
doan Hoéa chat buc Giang san xuat. Polyethyleneimine (c6 khoi phan ta bang 600 Dalton), than
hoat tinh, dung dich ammonia 25% va Cu(SO,).5H,0 (99,9%) cua hang Aladdin dugc st dung
truc tiép khong qua bat ky khau tinh ché nao. Céc thiét bi bao gém tu sy (Memmert UN75,

Puc), 16 nung (SH Scientific, Han Qudc), may lic ngang (Jeiotech, Han Qudc), va may i tim
(Hettich MIKRO, buc).
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2.2. Gin PEI lén AC

Ngam 30 g AC trong dung dich HNOj; lodng (2% khéi luong) qua dém, loc rira v6i nudc cat
réi cho vao 100 mL dung dich HNO; (20% khoi lwong) dé tién hanh oxi hoa AC & 80°C trong
thoi gian 2 gio. Loc rira AC d3 oxi hoa (0AC) véi nudc cat cho dén khi hét acid va sdy ¢ 120°C
trong 24 gio dé thu oAC kho. Pun nong hdn hop gom 2,4 g PEI va 12 g 0AC trong binh cau mot
¢6 chira 70 mL ethanol ¢ 50°C cho dén khi ethanol bay hoan toan. Hon hop ran sau d6 duoc phan
tan vao nudc cat, ly tim ¢ toc dd 6000 vong/phut trong thoi gian 5 phut dé loai bé dung dich;
chat ran thu duoc tiép tuc duoc phan tan trong nudc. Qué trinh phan tan — ly tim nhu trén duoc
I3p lai 5 lan dé loai bo PEI khong gan trén AC. Cudi clng chat rin dugc rira véi acetone va siy &
50°C qua dém dé thu duoc PEI/AC kho.

2.3. Diic trung cdu tric vt ligu

Dién tich bé mit, thé tich 15 x5p va su phan bd kich thuéc 15 ciia 0AC va PEI/AC dugc nghién
ctiu bang phuong phap hap phu - giai hap nitrogen trén thiét bi TriStar 11 3020 (Micromeritics,
MY). Phd hong ngoai FT-IR duoc do trén may Spectrum Two (Perkin Elmer, M¥).

Dé danh gia kha nang hap phu ciia 0AC va PEI/AC, ching t6i tién hanh hap phu dang mé.
Cu thé, 0,1 g vat liéu dugc cho vao binh tam gic chira 50 mL dung dich CuSO, c6 ndng do C,
trong khoang tir 10 dén 100 mg/L rdi lic ¢ nhiét d6 phong véi tée d6 200 chu ky/phut trong
thoi gian 4 gio. Nong do cua Cu(Il) trude va sau khi hap phu duoc xac dinh bing phuong phap
UV-Vis theo quy trinh dd cong bd [22]. P6 hip thu ¢ 615 nm duoc do trén may UV-2450
(Shimadzu, Nhat Ban).

3. Két qua va thao luan
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Hinh 1. Phé hong ngogi cua than hoat tinh ban dau (AC), than hoat tinh da oxi héa véi HNO; (0AC),
va than hoat tinh gan polyethyleneimine (PEI/AC)

Pho hong ngoai cia AC, 0AC, va PEI/AC dugc trinh bay trén Hinh 1. Ca ba mau déu c6 phd
FT-IR tuong ty nhu nhau & ving sb séng cao (>2500 cm™) véi mot cuc dai hap thu ¢ 3150 cm™
va mot vai hap thu ¢ 3330 cm™. Vai hap thu ¢ 3330 cm™ 1a do cac dao dong hoa tri (stretching)
ctia lién két O—H hoic N-H (trén PEIAC). Cuc dai hap thu ¢ 3150 cm™ 1a do dao dong hoa tri
cua lién két C-H cuia hydrocarbon thom. Cuc dai hip thu & 1710 cm™ xuat phat tir dao dong hoa
tri cua lién két C=0 trong nhom carboxyl trong khi cuc dai hap thu & 1620 cm™ va 1530 cm™
tuong tng Véi kich thich dao déng héa tri cta lién két C=C thom va C=C béo. Ving hap thu rong
xung quang 1215 cm™ 1a do dao dong cua lién két C-O. Cé thé thay, khi so véi AC, 0AC co
cuong d6 hip thu ¢ 1710 cm™ cao hon, chitng t6 qua trinh oxi héa AC bang HNO; d tao ra
nhiéu nhom carboxyl trén bé mit 0AC [23]. Khi phan tng 0AC véi PEI, cuc dai hip thu & 1710
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cm™ giam dong thoi xuit hién cuc dai hap thu méi ¢ 1560 cm™, cyc dai nay c6 thé 1a dao dong
hoa tri cia nhém C=0 trong amide (NHC=0, II band). Diéu nay chiing to cac nhom amino trong
PEI da phan ng véi cac nhom carboxyl trén oAC tao thanh cac lién két amide, lién két nay c6
vai tro gan PEI trén bé mat AC trong PEI/AC [18].

a) b)

500 4 —=— 0AC adsorption J 000301 oac

° —o— 0AC desorption 0o0o25] ° PEVAC

“c 400 —*— PEV/AC adsorption g —_ —fitoAC

e —o— PEI/AC = 0.0020] — fit PEVAC

3 300+ oo o

2 o= °a 0.0015 - .

2 2001 g
o <'0.0010+

N 100

=z 0.0005 -

04 T T T T T T T T T T T
00 02 04 06 08 10 0.05 010 015 020 025 0.30

c) Relative pressure (a. u) d) Relative pressure (a. u)

0.5 T T T 30.5 T T T 3 1500
800 -

o Ty, My —*—O0AC (V) ”, —%—0AC (A)

S 04l T ——PEIAC(V) {04 o 7 - /./ . —— PEIAC (A) -
S i —a—0AC (V) 03 % g 600 1 —e—0AC 1000 =
(3l —e—PEI/AC(V) 17° § <= ey " —e— PEIAC “c
£ . '.,.\ ~ 8 wm l,. =
=) -t 02 ©T 2 ] [ =
> 0.24 . " 01 Ke) [} - o
) \ 1915 & L — =1
& 014 TP .\' S o 200 Favossmscsne-s-es 0 4

0 kel S
0.0 . ; ] 0.1 0 . i -500
1 10 100 1 10 100
Pore width (nm) Pore width (nm)

Hinh 2. Két Qua phdn tich tinh chat xap cua vt licu: a) Gidn cjﬁ hép phu - giai hdp nitrogen; b) Tinh
todn dién tich bé mat theo phuong phdp BET, c) Tong thé tich lo xop (V) va vi phan thé tich theo kich
thuoc lo (V°); d) Tong dién tich bé mdt (A) va vi phdn dién tich bé mdt theo kich thudc 16 (4°)

0AC va PEI/AC déu c6 gian d6 hap phu - giai hap nitrogen twong ty nhu nhau & hai diém (1)
lwong nitrogen hap phu ting nhanh & ap sut twong dbi (p/p,) thap (<0, 03) va (2) cuong cong tré
(hysteresis) gitra duong giai hip va hip phu & p/p, trong khoang tir 0,46 dén 0,95, hinh 2a. Theo
phan loai cua IUPAC [24], (1) twong ty nhu gidn d6 loai I, twong tng véi qua trinh hap phu N, de
lam day cac 18 vi x6p (microporous) trong khi (2) 1a do qua trinh ngung tu N, trong cdc 16 x4p
mao quan trung binh. Lugng N, hip phu & p/p, thip duoc st dung dé tinh dién tich bé mit theo
phuong phap BET (Bmnauer-Emmett-Teller), st dung phuong trinh (1):

R +[L_Ljﬂo @
Q(p_lj Q. \Q, Q)P
p

Trong phuong trinh (1), C 1a hang s6; Q 1a thé tich nitrogen hap phu va Q,, 1a thé tich nitrogen
hap phu don 16p cuc dai. Tdi wu sw phu thudc cua 1//Q(p°/p - 1)] vao p/p° theo phurong trinh bac
nhat thu dugc cac cip gia tri (46 dbc, diém cét truc tung) cho oAC va PEV/AC lan luot la
(0,004982 g/cm?, -0,000043 g/cm?) va (0,009744 g/cm®, -0,000081 glcm ), hinh 2b. Liy gia trj
Q. thu duoc va sir dung dién tich cia mot phan tir nitrogen 14 0,162 nm’ chiing t6i tinh duoc dién
tich b& mat trung binh cho 0AC va PEV/AC lan luot 1a 881,1+ 14,9 m%/g va 450,5+ 7,4 m*/g. Nhu
vay, viéc gan PEI 1én bé mit AC lam giam dién tich bé mat riéng khoang 48,9%. Dé 1am 5 PEI
anh huéng nhu thé nao dén cac 16 xdp trong AC, ching t6i vi phan tong thé tich 16 x6p va dién
tich bé mat theo dwdng kinh 15 sir dung phuong phap Barrett-Joyner-Halenda (BJH), két qua
dugc trinh bay trén hinh 2¢-d. Téng thé tich 15 x5p cua 0AC va PEI/AC dat cuc dai lan luot bang
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0,445 va 0,241 cm®/g. Ca 0AC va PEI/AC c6 hai nhom 16 X6p chinh 14 vi x6p ¢6 duong kinh
khoang 1,49-1,61 nm (trén 0AC) hay 1,58-1,46 nm (trén PEI/AC) va 15 xop mao quan trung binh
¢6 dudng kinh khoang 10,3-12,6 nm (trén 0AC) hay 8,5-10,1 nm (trén PEI/AC). Déi v6i 0AC,
thé tich 16 xop mao quan trung binh dat 0,207 cm®/g twrong duong v6i 46,5% tdng thé tich 16 xop
trong khi d6 trén PEVAC gia tri nay 1a 57,7%. Sy thay doi cua dién tich bé mit (A) theo duong
kinh 13, hinh 2d, cho thiy A thay do6i dot bién do cac 16 vi x0p co duong kinh khoang 1,2 nm.
Dién tich bé mat ciia cac vi xdp dong gop 573 m%/g (twong duong 75% trén 0AC) va 276 m /g
(tvong duong 72% trén PEVAC). Nhu vy, khi cac mach polymer PEI gin trén AC ching c6 thé
gan trén thanh cua 16 Xx6p mao quan trung binh lam giam kich thudc chung tir 10,3-12,6 nm
xudng 8,5-10,1 nm dong thoi bit mot s6 16 vi mao quan 1am cho déng gop cia dién tich bé mit vi
mao quan giam tir 75% xubng 72%. PEI ciing c6 thé bao boc cuc bd AC 1am cac 16 Xdp bén trong
khong dong gop toi dién tich va thé tich xp chung cua vat ligu.

a) b) c)
010{ " daa 80 | - OAC 14 oac
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Hinh 3. Két qud ddnh gid kha nang hap phu cia vat liéu véi Cu(Il) trong niéc: a) Pwong chuan giita do
hap thu & 615 nm va nong d@é dung dich Cu(ll); b) Mite dé loai b Cu(ll) bang hap phu tink khi sir dung
0,1 g chdt hdp phu cho 50 mL dung dich Cu(l1); ¢) Si phu thugc ciia dung lirong hdp phu e theo nong dé
cdn bang Cy; d) Toi weu s6 liéu hap phu theo mé hinh Langmuir va e) Freundlich; f) Mire dé 1oai bé Cu(ll)
bang hap phu tinh khi sir dung 0,1 g vat liéu hdp phu tdi sinh cho 50 mL dung dich Cu(ll) nong dg 50 mg/L

Dé danh gia anh huong ctua PEI dén kha ning hap phu cation kim loai ning, ching toi sir
dung Cu(ll) pha ché tir CuSO, 1am mo hinh dé nghién ctru. Nong do ctia Cu(Il) trong nude duoc
xéc dinh bang cach do d6 hap thu caa dung dich c6 bd sung NH;. Két qua trén hinh 3a cho thay
ndng d6 Cu(ll) tuyén tinh v6i d6 hap thu & 615 nm (Abs) theo phuong trinh (2):

Abs =0,00074C,, +0,0274 2)

Khi thuc hién hap phu tinh, véi 0,1 g vat liéu hip phu cho 50 mL dung dich Cu(II) ¢6 ndng do
tir 10 dén 50 mg/L, hinh 3b, cho thdy ¢ khoang nong d6 thap (<30 mg/L), 0AC hiéu qua hon
trong viéc loai bo Cu(ll) so véi PEI/CA trong khi & khoang nong do cao hon (>30 mg/L) thi
PEI/AC hiéu qua hon. Su phu thudc cua dung lwong hip phu (ge) vao ndng d6 Cu(Il) cin bang
(Ce), hinh 3c, phi hop Vi mé hinh hap phu Langmuir theo phuong trinh (3), hinh 3d véi hé sé
tuong quan hoi quy (R%) twong tng cho 0AC va PEI/AC lan luot 14 99,3% va 99,6%.
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11,11 @
qe qmax quax Ce
Trong (3), K 1a hing s6 hap phu Langmuir va Qmax 1a dung lwong hép phu cuc dai. Tir gia tri
1/Qmax thu duge (hinh 3c¢), dung lugng hip phu cuc dai cia 0AC va PEVAC duoc xac dinh lan
luot bang 11,0 va 13,9 mg/g. Phan tich sy phu thugc ciia dung lugng hap phu vao nong d6 Cu(ll)
theo md hinh Freundlich, phuong trinh (4), hinh 3e, cho thay sy hap phu cua Cu(Il) 1én 0AC
khong tudn theo mot quy luat hip phu don nhat. O hai ving nong do C, < 12 mg/L va C, > 12
mg/L, hang s6 hap phu Freundlich (Kg) nhan hai gi4 tri khac nhau, tvong ung bang 3,1 va 6,8.
Diéu nay chiing to trén bé mat ciia oAC c¢6 hai nhém tAm hép phu khac nhau d6i vai ion Cu(ll).
Mt khéc, cac gia tri cuong do hap phu (n) & hai viing ndng d6 néi trén déu Ion hon 1 (n= 2,1 khi
Ce. < 12 mg/L va n= 6,9 khi C, > 12 mg/L) ching to su hip phu cia ion Cu(Il) 1én 0AC 1a hip
phu vat 1y [25].

log(q,)=log(Kg)+ Iog( ) (4

Trong khi d6, di véi PEI/AC sy phuy thudc cia dung lwong hap phu vao ndng do gan phi hop
Vi phuong trinh (4) voi R? bang 95,9%. Cac gia tri Ke va n lan lugt bang 2,7 va 2,4 chung to
Cu(Il) ciing bi hap phu vat Iy trén PE/AC va cac tim hap phu trén PEI/AC ddng nhit hon so véi
0AC. Két qua nay co thé hiéu duoc vi khi gan PEI 1én AC, cic nhom amino trén PEI s& dong vai
tro 1a cac tam hap phy Cu(Il) vi ching c6 kha ning tao lién két phéi tri tét véi nhau.

Cubi cung, dé danh gia kha ning tai sir dung cia oAC va PEI/AC, chung t6i tién hanh giai hip
Cu(ll) bang cach ngdm vat li¢u da hap phu véi dung dich HCI 0,1M, rira vat liéu véi dung dich
NaOH 0,1M va nuéc cat, Say khé trudc khi tién hanh hap phu dang mé véi dung dich Cu(I) c6
nong d6 50 mg/L. Két qua hap phu loai bo Cu(ll) sau 3 lan tai sinh duoc trinh bay trén hinh 3f.
C6 thé thiy, kha nang hap phu ctia PEI/AC suy giam cham hon so v6i 0AC sau céac 1an tai sinh.
Sau 3 lan tai sinh, kha ning hap phu cua 0AC giam khoang 30% trong khi PEI/AC chi giam
khoang 15% so Vi ban dau.

4. Két luan

Trong nghién ctru ndy, chung t6i dinh huéng gan polyethylenelmlne (PEI) 1én bé mat than
hoat tinh (AC) nhdm ting kha nang hap phu cua AC ddi véi cac ion kim loai ning trong moi
truong nudc. Két qua thtr nghiém hap phu voi ion Cu(Il) va phd FT-IR cho thay PEI duoc gin
thanh cong trén bé mat AC qua qué trinh amide hoa va lam tang dung luong hap phu 1én 26%.
Tuy nhién, cic mach polymer PEI c6 thé da bat hoat cuc bo AC va bit mot s6 16 x6p vi mao quan
lam giam dang ké (~49%) dién tich bé mit riéng va tong thé tich 16 xop (~46%). Vi qua trinh hap
phu Cu(Il) 1én AC hay PEI/AC déu 1a hip phu vat 1y, viéc suy giam dién tich bé mit riéng anh
huéng tiéu cuc dén kha niang hap phu cua vat liéu. Nhur vay, viéc gan PEI 1én bé mit AC c6 hai
anh huong trai chiéu nhau: tang ai lyc hip phu véi ion kim loai nhung giam dién tich bé mat cua
vat liéu.

Loi cam on

Nghién ciru nay duogc tai tro boi Truong Dai hoc Su pham Ha Noi 2 qua dé tai ma sb
SV.2023.HPU2.06.
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