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SUMMARY

EVALUATION OF THE ADSORPTION OF Pb* IONS IN AQUEOUS SOLUTION
ON ACTIVATED PEAT MATERIAL

In this study, peat was activated with H;PO, at a concentration of 2.0 M and dried at 105°C for 6 hours.
The samples after synthesis are characterized by several methods such as EDX, XRD, SEM, BET and
FTIR. The adsorption properties of the materials were evaluated through the removal of Pb** ions in
aqueous solution. Material characteristics showed that the activated peat sample had a higher specific
surface area and porosity than the raw peat sample. The study showed that the experimental data of Pb**
ion adsorption on activated peat were well described according to both Langmuir and Freundlich
isotherm models, however, the Langmuir isotherm model was more suitable. The activated peat material
had a maximum adsorption capacity g, = 33.33 mg/g. In addition, the study also showed that the
adsorption of Pb?* ions on activated peat follows the pseudo-second-order model. From the above
research results, it shows that the adsorbent material from peat has great potential in remove heavy metal
ions in aqueous solution.
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1. GIGI THIEU nhién liégu hoa thach, ndu chay quing sulfit, xa
) thai nuéc mo nhidm acid, ma kim loai, loc dau,
san xuat 4c quy va cac hoat dong tu nhién. O
nhiém chi trong moi trudng pha huy hé sinh thai
va gay nguy hiém cho sic khoé con ngudi [2].
Hon nita, chi khong cé kha nang ty phan huy
sinh hoc trong méi treong, ma s€ tich luy chu
yéu trong xwong, nio, than va cac mé co, giy ra
cac bénh nghiém trong nhu suy than, thiéu mau,
ri loan hé than kinh, tang huyét &p, suy giam
kha ning sinh san, suy nhuoc tham chi dan dén

Nude duge ding cho doi séng, san xuat va dich
vu. Sau khi sir dung, nudc tré thanh nuéc thai va
bi 6 nhiém & cac muc do khac nhau. Ngay nay,
cling vai su bang nd vé dan sb, téc do phat trién
cao cua cong nghiép va ndng nghiép da dé lai
nhiéu hau qua phuc tap, dic biét 13 van d& 6
nhidm méi treong nudc. Van dé nay dang nhan
duoc nhiéu sy quan tdm cua moi ngudi, moi
qudc gia trén thé gioi [1].

Chi (Pb) la kim loai niang gay & nhiém phé bién, tr vong [1,2]. Do do, viéc tim ra giai phap xu Iy
no6 dugc thai vao méi truong nudc, khong khi va hiéu qua, tin cdy va gia tri kinh té la can thiet dé
dat do cac hoat dong cong nghiép nhu dbt chay loai bo chi ra khoi nguon nuac thai.
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Hién tai, dd c6 nhiéu phwong phap khac nhau,
ching han nhu: két taa héa hoc, hip phu, dién
hoa, trao ddi ion, oxy hda va khtr hoa hoc, v.v. di
duoc ap dung vao céng nghé xir ly ion kim loai
nang [2]. Trong s6 d6, phuong phap hap phu
thuong dugc &p dung nhat do tinh hiéu qua, chi
phi thiap va than thién méi truong. Hién tai,
ngudi ta thuong st dung cac chit c6 ngudn gdc
tir phé phu phim nhu vo chudi, vé hat diéu,vo
cam [1], hat nhan [3].... dé téng hop cac vat liéu
hp phu. Gan déy, than bun duoc biét dén c6 ciu
tric chelate, lignin, ciing nhu nhiéu loai nhém
chuc trén bé mat nén thich hop lam vat liéu hap
phu [1]. Nhiéu nghién ctu cho rang, tly thudc
vao ngudn gdc cua than bun, phuong phap xu Iy
ma thanh phan ciing nhu dung lwong hip phu cua
ching khac nhau dang ké, chang han nhu dung
lwong hap phu cin bang cua than bun déi véi ion
Ni?* & cac nu6c nhu sau: Brazil (14,0 mg/g),
Ireland (11,42 mg/g), Ba Lan (14,0 mg/g) [4].
Tuy nhién, theo hiéu biét cua ching toi viéc
nghién ciu hoat héa than ban c¢6 ngudn géc tir
Vuon quéc gia U Minh Thugng (VQGUMT),
tinh Ca Mau, Viét Nam dé tng dung xu ly ion
Pb*" van con nhiéu han ché. Trong bai bao nay,
ching t6i théng bao mot sb két qua chinh cua
qua trinh hoat hda than bun tr VQGUMT va
budc dau danh gia kha ning xir ly ion Pb?* trong
dung dich nugc trén vat liéu than bun sau khi
duoc hoat héa.

2. PHUONG PHAP NGHIEN CUU
2.1 Nguyén li¢u va héa chét

Than ban sau khi thu nhan vé dugc phoi kho va
sang qua ray (200 pm). Tién hanh ngam than bun
trong nuéc may (ty 1é khdi luong 1/3), khudy
tron va dé lang, tiép dén gan lay phan huyén phu
than bun & 16p trén va loai bo phan cat o 16p day.
Qua trinh nay dwoc tién hanh lap lai nhiéu lan
cho dén khi dich loc trung tinh. Than bun sau khi
ria duoc sdy khd & 105°C dén khéi lwong khong
dbi, sau d6 dugc nghién min va cho vao binh bao
quan dung 1am nguyén liéu tho ban ddu va né
duoc ky hiéu 1a TBT.

Céc hoa chat duoc s dung trong thuc nghiém,
bao gom: ortho-Phosphoric acid (HsPO,, 85%),
sodium hydroxide (NaOH, 97%), hydrochloric
acid (37%) va lead(Il) nitrate (Pb(NOs),, >
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99,0%). TAt ca hoéa chat déu nhan duoc tir hing
Merck, dugc st dung truc tiép va khdng can phai
ché héa bé sung.

2.2. Hoat héa than bun

Cho 5,0 gam than bun thé (TBT) vao trong 50
mL dung dich HsPO, 2,0 M. Khuiy tron huyén
phi & nhiét d6 phong trong 4 gio, sau d6 tién
hanh loc, rira nd nhiéu lan bang nudc cat dén khi
dich loc trung tinh. Sdy kho than bun ¢ 150°C
trong 6 gio, thu duoc san pham than bun duoc
hoat hoa (ky hiéu la TBA).

2.3. Panh gia sy hip phu ion Pb?*
2.3.1. Thuc nghiém hép phu

Cho 0,5 gam chat hap phu vao trong 0,1 L dung
dich Pb®* 150 mg/L. Khudy trén huyén phu trong
90 phut dé su hip phu dat can bang. Sau d6 tién
hanh ly tam thu lay phan dung dich va loai bo
phan rin. Nong d6 ion Pb* truéc va sau khi hap
phu duoc xac dinh bang phuong phap phd hap
thu nguyén tr AAS (AAS 240FS Agilent -
USA). Dung lwong hap phu (e, mg/g) dwoc xac
dinh dwa vao biéu thic (1) [5].
— (Co=Ce)V

Qe = —— ()

m

trong do, C, va C, (mg/L) lan Iuot 1 ndng do
ban du va ndng do can bang cua chat tan , V (L)
1a thé tich dung dich va m (g) 1a khéi lwong cua
chat hap phy. Hiéu suit hip phu (H%) duoc xac
dinh dwa vao biéu thic (2) [5].
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2.3.1.1. Anh huong cua nong dé Pb** ban dau
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Thuc nghiém duoc tién hanh bang cach giir cb
dinh cac thong s6 nhu: lugng chit hip phu 0,5
gam, thé tich dung dich 0,1 L va pH ~ 7 va thay
d6i nong do ion Pb? ban dau trong khoang tir
130 dén 210 mg/L.

2.3.1.2. Khdo sdt dang nhiét hdp phu

Chang t6i sir dung hai mé hinh Langmuir va
Freundlich dé danh gia dang nhiét hip phu theo
hai biéu thuc lan luot dugc cho nhu sau [5, 6].
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trong d6: qm (mg/g) 1a dung lugng hap phu cuc
dai; K, (L/mg) 1a hing s hap phu Langmuir.

lg(qe) = 1g(Kr) + ~1g(Ce) @)

trong d6: Ke va 1/n 1 cac hang sé kinh nghiém
Freundlich.

2.3.1.3. Khdo sdt déng hoc hdp phu

Thi nghiém dwoc tién hanh bang céch giir cb
dinh luong chat hip phu 0,5 gam, thé tich dung
dich 0,1 L, pH dung dich ~ 7. Tién hanh d4nh gia
kha nang hdp phu ion Pb? trén vat licu TBA ¢ ba
gié tri ndong d6 Cd** khac nhau: 130; 150 va 170
mg/L theo thoi gian hap phu thay doi trong khoang
tir 0 dén 120 phat. Bé khao sat dong hoc hap phu
ion Pb®* trén TBA chlng t6i sir dung hai phuong
trinh dong hoc biéu kién: bac 1 va bac 2 tuong ing
V6i hai biéu thirc duge cho dudi day [5, 6].

In(qe — q¢) = In(qe) + kqt (5)

trong do, ge Va ¢; (Mg/g) lan Tuot 1a dung lwong hap
phu tai thoi diém can bang va tai thoi diém t (phat);
k; (1/phut) 1a hing sb toc do biéu kién bac nhat.
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trong do, k, (g.mg™/phat) 1a hing s toc do biéu
kién bac hai.

2.4. Phwong phap dic trung vat liu

Nhidu xa tia X dwoc ghi trén thiét bi D8-
Advance Bruker véi tia phat xa CuKa c6 budc
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song A = 0,15406 nm. Hién vi dién tir quét
(SEM) duoc chup trén thiét bj S-4800, Hitachi-
Japan. Tén xa nang luong tia X (EDX) duoc
phan tich trén thiét bi TEAM Apollo XL EDS.
Pho hong ngoai chuyén doi fourier (FTIR) cho
c4c miu duoc ghi trén méay quang phd IR
Affinity-1S -Shimadzu. Dién tich bé mat riéng
(BET) duogc xac dinh boi duong ding nhiét hap
phu - giai hap phu N, & nhiét d¢ nito long (77K)
bing cach st dung thiét bi Micromeritics.

3. KET QUA VA THAO LUAN
3.1. Dic trung vt ligu

Pé xac dinh dugc thanh phan cac nguyén té mau
than ban thd (TBT) va mau than ban sau khi hoat
hoa véi HsPO, (TBA) dug ghi phd EDX nhu thé
hién & Hinh 1. Hinh 1a cho thiy mau TBT gom
cac nguyén tb dic trung cho than bun, bao gom:
C, O, Mg, Si, Al, Fe, S va K. Cac nguyén té
chiém ham luong l6n d6 1a C (46,32%), O
(43,17%), Si (6,56%), Al (2,51%) va Fe
(0,58%). Mau TBA ngodi cac nguyén té chinh
gidng véi mau TBT con xuat hién thém nguyén
t6 mai 1a P, ching to da hoat hoa thanh cong
TBT bai HsPO,. Thanh phan cac nguyén té C, O,
Si, Al, Fe va P trong mau TBA lan luot la
40,39%, 44,77%, 5,30%, 1,96%, 0% va 0,02%.
Thanh phan % nguyén tir Si, Al, Fe, Mg, S va K
trong mau TBA bé hon so v6i mau TBT, ching
t6 cac hop chit cua silica da bi rira troi trong qué
trinh hoat héa.
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Hinh 1. Phé EDX cia a mdu TBT va b méu TBA

Pho XRD cua hai mau TBT va TBA & Hinh 2a
cho thiy chang déu co dinh nhidu xa 20 dac
trung tai khoang 26,8° thudc cAu triic pha a-SiO».
Cuong d6 cua pha nay trong mau TBA giam so

v6i miu TBT, chimg to do két tinh ciing nhu
ham lugng 0-SiO, trong mau TBA giam so Vi
mau TBA va né ciing phu hop véi két qua phan
tich EDX ¢ trén.
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Hinh 2. Gidn do XRD cua cac mau TBT va TBA (a) va Anh SEM cua cac mau TBT (b) va TBA (c)

Hinh thai caa mau TBT va TBA dugc chup SEM giai hap N, thuoc kiéu IV theo phan loai cua
nhu thé hién & Hinh 2. Mau TBT (Hinh 2b) ¢ IUPAC, dic trung cho cu tric mesoporous. Gia
dang céc tim vai bé mat nhin bong, trong khi dé tri dién tich bé mat riéng cia TBT va TBA lan
mau TBA ¢ dang cac tim nhung tréng bé va gd luot 12 2,86 m%/g va 11,81 m?g. Két qua cho
ghé hon so véi mau TBT (Hinh 2c). thay, dién tich bé mat riéng cua vat liéu TBA I6n

hon gip khoang 4,1 lan so véi TBT, tuc la su
hoat hoa than buin boi HsPO, da cai thién déng ké
dién tich bé mit riéng cho vat liéu.

Puong ding nhiét hip phu - giai hip N, cua cac
mau TBT va TBA & Hinh 3a cho thiy ring
ching déu c6 duong cong ding nhiét hip phu -
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Hinh 3. a Puong dang nhiét hap phu - gidi hdp N, va b Phé FTIR cua cac mau TBT va TBA

Pho FTIR cua cac mau TBT va TBA duoc hién 3.2. Panh gid sw hip phu ion Pb?*
thi trong Hinh 3b. Két qua cho thy ring, ca hai

x A 7 , 1 2 - A A . 2+
mau TBT va TBA déu xuat hién vung hap thu 3.2.1. Anh huéng cia nong d§ dung dich Pb

rong trong khoang tir 3600-3100 cm™* dugc cho ban dau

¢4 lién quan dén dao dong haa tri cua lién két O— Trong qua trinh thuc nghiém tham do, ching toi
H trén bé mat than bun do lién két hydro lién nhan thdy tai ndng do ion Pb?" ban diu 130
phan tir va ndi phan tir ciia cac hop chat cao phan mg/L, hiéu suat hap phu loai bo ion Pb? trén
tir [4, 7]. Pinh tai 2926 cm™ va cac dinh nam than bun hoat héa da dat > 90%. Do do, Véi
trong khoang sb song tir 1720-1710 cm™ tuong mong loai bo hiéu qua ion Pb?*, tham chi & ndng
ng véi dao dong hoa tri cua lién két C-H va do cao, dong thoi dé tao diéu kién thuan loi trong
C=0 [8]. Céc dinh trong viing hap thy tir 1620- qué trinh danh gia nén ching ti chon khoang
1630 cm™ va dinh tai 1450 cm™ ¢6 lién quan dén ndng do ion Pb% tir 130 dén 210 mg/L lam diéu
dao dong cua carboxylat (-COO") [7]. Céc dinh kién khao sat. Céc thdng sé cho sy hip phuy ion
hap thu nam trong khoang 1000 - 1110 cm™ 1a Pb®* trén TBA theo ndng do ion Pb** khéc nhau
dao dong hoa tri cua lién két C-O [4]. Cac dinh ¢ Bang 1 cho théy dung lugng hﬁp phu ion Pph%*
tai s song 788 cm™ va 688 cm™ twong g voi trén vat liu TBA tang, trong khi d6 hiéu suét
dao dong hoa tri cua Si-O va Al-O-Si [9]. Cac hip phu lai giam cing véi sy ting ndng do ion
dinh trong khoang tir 468 - 464 cm™ la dao dong Pb?" ban dau. Viéc tang dung lugng hip phu theo
cia lién két Si-O-Si [9]. sy ting nong do 1a do & ndng do6 Pb?* ban dau
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cao dd gdy ra hidu ung gradien nong do lon, tic
1a taing cuong luc déy gitra cac ion kim loai 13n
nhau trong pha léong dé ching dé dang tap hop
dén bé mat pha ran cua vat liéu hip phu [10, 11].
Hon nita, & ndng do ion Pb? cao, c6 thé c6 mot
lugng Pb(Il) thiy phan tao két tua tach ra khoi
dung dich. Tuy nhién, & nong d¢ ion kim loai
ban dau cao s& gay ra sy canh tranh Ién gitra cac
ion kim loai, déng thoi ching gay ra sy can tro
13n nhau trong qua trinh tap hop dén bé mat chat

Bang 1. Cac thdng sé cho su hap phu ion Pb** trén v

hip phu, trong khi d6 sé luong tdm hip phu
khong thay ddi, dan dén Iam giam hiéu suét hap
phu [10, 11]. Bé so s&nh, chlng t6i tién hanh
danh gia hiéu suat hap phu ion Pb? tai ndng do
130 mg/L trén mau TBT & cung diéu thi nghiém
v6i mau TBA. Két qua cho thdy mau TBT c6
hiéu suat hap phu dat 70,35%, tirc 1a bé hon
nhiéu so voi mau TBA (93,52%, Bang 1). Két
qua nay chung to su hoat héa TBT bai HsPO, da
cai thién dang ké hiéu suit hip phu cua no.

dt lieu TBA theo si thay déi nong dg ion Pb**

Nong do Pb®* ban dau (mg/L) 130 150 170 190 210

Nong d6 C, cua Pb?* (mg/L) 8,42 12,90 25,60 36,10 52,30
Dung luong ge (Mg/g) 24,32 27,42 28,88 30,78 31,54
Ty 1& Ce/qe (g/L) 0,346 0,470 0,886 1,173 1,658
Hiéu suat hap phu, (%) 93,52 91,40 84,94 81,00 75,10

3.2.2. Panh gia dang nhiét hip phu

Céc thdng sé cho su hip phu déng nhiét ion Pb*
trén TBA theo cac md hinh Langmuir va
Freundlich dugc trinh bay trong Bang 2. Bang 2
cho thy ring hé sé twong quan R? thu dwoc theo
hai mé hinh dang nhiét hap phu Langmuir va
Freundlich ddi véi qua trinh hip phu ion Pb*"
khé cao (R?> 0,92), ching t6 dit liéu hip phu ion
Pb®* trén TBA duoc md ta tét theo ca hai mo
hinh nay, tuy nhién, mé hinh ding nhiét
Langmuir to ra pht hgp hon so vai Freundlich do
n6 c6 hé sé twong quan 1én hon va no ciing phu

hop véi cac cong trinh nghién cuu [8, 12]. Bang
2 con cho thay, gi4 tri thong sé can bang R, =
0,0105, tirc la nam trong pham vi: 0 < R_ < 1 va
gia tri ne = 7,39 > 1. Tur cac két qua nay c6 thé
két luan rang qua trinh hap phu ion Pb* trén
TBA xay ra thuan loi. Bang 2 cho thiy dung
lwong hap phu cuc dai gma Cua vat liéu TBA dat
33,33 mg/g va gia tri nay c6 phan 16n hon doi
chdt so vai cac nghién ctu cua Bartczak (than
bun Ba Lan, 20,0 mg/g) [4], Kalmykova (24,81
mg/g) [13]. Két qua nay chang to than ban cé
ngudn géc tr VQGUMT c¢6 nhiéu tiém ning
trong ting dung xu ly ion Pb®*,

Bdng 2. Cac thdng sé cho qua trinh khdo sdt dang nhiét hap phu ion Pb?* trén TBA

i M6 hinh Langmuir M® hinh Freundlich
lon hap phu > >
Ko (Umg) | Omx(mgfg) | R R N Kr(Mmg/g) R
Pb* 0,31 33,33 |0,9993 |0,0105 7,39 18,73 0,9455

3.2.3. Panh gia dong hoc hap phu

Céc thdng s cho dong hoc hap phu ion Pb** trén
vét lidu TBA theo md hinh dong hoc biéu kién
bac 1 va mé hinh dong hoc biéu kién bac 2 duoc
trinh bay trong Bang 3. Két qua cho thiy rang
theo mé hinh dong hoc biéu kién bac 1, mac du
gia tri R? 1a khé& I6n (~ 0,88) nhung céac gia tri
dung luong hip phu tinh theo phuong trinh dong
hoc biéu kién bac 1 c6 su sai khac nhiéu so véi
cac céc gia tri dung luong hip phu thu duoc tir
thuc nghiém nén qua trinh hip phu ion Pb* trén
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TBA khéng tuan theo phuong trinh dong hoc
biéu kién bac 1. Nguoc lai, d6i véi mé hinh dong
hoc biéu kién bac 2, hé sé twong quan R? thu
duoc cho ion Cd** kha cao (> 0,99), hon nira
giira cac gia tri dung luong hap phu tinh theo
phuong trinh dong hoc bac 2 va céc gia tri dung
luong hép phu thu dugc tir thyc nghiém 1a gan
nhau. Do d6, c6 thé nhan dinh rang su hap phu
ion Pb®* trén vat ligu TBA dwoc md ta tét boi
phuong trinh déng hoc hap phu biéu kién bac 2.
Két qua nay ciing phu hop vdi céc cong trinh
nghién cuu [4, 8, 14].



Bdng 3. Cac thdng sé cho déng hoc hap phu ion Pb®* trén vt liéu TBA

G, (ma/L) Pong hoc bac 1 Pong hoc bic 2 ge thuc nghiém
R | k(Uphtt) | g.(mg/g) | RE | ko (@.m/phit) | g (mgig) | (M9/9)
130 0,8838 0,0715 26,44 0,9995 3,05.10™ 25,64 24,55
150 0,8860 0,0716 31,52 0,9995 2,46.10™ 28,49 27,43
170 0,8759 0,0702 31,91 0,9993 2,04.10" 30,21 28,87
4. KET LUAN

Vit liéu than bun dd dugc hoat hda thanh cong
boi dung dich HsPO, 2,0 M. Két qua cho thay
rang than bun sau khi duoc hoat hoa c6 dién tich
bé mit riéng, do xop va do gd ghé 16n hon so vdi
mau than ban thd. Nghién ciu con cho thay su hap
phu ion Pb?" trén than bun dugc hoat hoa dugc mo
ta tot theo ca hai mé hinh dang nhiét Langmuir va
Freundlich, tuy nhién mé hinh dang nhiét hap phu
Langmuir to ra phu hgp hon. Vat liéu than bun
duoc hoat héa cé gia tri dung lwong hdp phu cuc
dai la 33,33 mg/g. Ngoai ra nghién cau con cho
thay sy hap phu ion Pb? trén than bun hoat hoa
tuan theo md hinh dong hoc biéu kién bac 2. Tur
nhiing két qua nghién ctu trén cho thay vat ligu hap
phu tir than bun ¢6 nhiéu tiém nang trong viéc loai
bo ion Ph?" néi riéng va céc ion kim loai nang trong
dung dich nuéc néi chung.
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