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TOM TAT

Bai b&o nay khdo sdt cdc yéu to tac dong dén qud trinh hap phu ion Pb(Il) va Cu(Il) trén vit
liéu than sinh hoc diéu ché tir min cua. Cdc yéu té khdo sdt bao gom: gid tri pH (2,0-6,0), nong dg
ion kim logi (5-200 mg-LY), thoi gian hdp phu (5-1440 phit), khoi lwong than sinh hoc (0,05-0,10g).
Két qua cho thdy dung lwong hap phu cwe dai dat 62,11 mg-g™ doi véi Pb(II) va 20,49 mg-g™* doi véi
Cu(ll) ¢ pH = 4,0 va thoi gian dat can bang hdp phu la 120 phit. Qud trinh hdp phu ion Pb(Il) va
Cu(Tl) trén than sinh hoc phi hop hon véi quy ludt déng hoc béc hai va mé hinh ddng nhiét hip phu
Langmuir. Nghién ciru ndy ciing cong bé két qua xir Ii ion Pb(Il) va Cu(ll) trong nide thai ¢ Phong
Thi nghiém H6a Vé co, Truong Pai hoc Sw pham Thanh phé Ho Chi Minh.

Tir khéa: hip phu; than sinh hoc; Cu(ll); Pb(II); mun cua; nudc thai

1.  Giégi thi¢u

Nudc 1a mot trong nhitng nhan t6 quan trong dé duy tri sy séng ctia con ngudi va sinh
vat trén Trai Dat. Mic du, nudc chiém 34 dién tich bé mat Trai Dt nhung trit lvong nudc
ngot rat it va phan b6 khong dong déu. Hién nay, ngudn nude ngdy cang 6 nhidm va gay anh
huong truc tiép dén strc khoé con ngudi va su sdng clia cac sinh vét khac. Nudc thai tir cc
qua trinh san xut (khai khoang, luyén kim...) khi chua xtr 1i chtra ham luong céc kim loai
nang rat cao nhu Pb, Cu, Mn... (Chen et al., 2005; Dang et al., 2016). Khi xam nhép vao co
thé, ion chi tich tu gay r6i loan chirc nang hé tiéu hod, hé than kinh, ngan can qua trinh
chuyén hoa ning lugng cua cac enzyme. lon dong ciing gy mot sb tac hai nguy hiém déi
vGi con nguoi: gay kich img mili, miéng va mat, dong thoi gay dau bung, nén mira... (Wani
etal., 2015). Vi thé, viéc nghién ctru xir 1i cac ion kim loai ning trong nudc thai, dic biét 1a
ion chi va dong 1a mot cong viée can thiét.

Hién nay, phuong phap hap phu duoc nghién ctru, ing dung nhiéu trong xir li ion kim
loai nang do c6 nhiéu vu diém nhu: kha nang xu li nhanh, hi¢u qua xu 1i cao, khong tao ra
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chat doc hai thr cap... Mot sé vat liéu da duogc tong hop va nghién ctru xir 1i ion Pb(II) va
Cu(Il) trong nuéc: két hop vat lieu UiO-66-NH2 MOF vao soi nano PAN/chitosan
(Jamshidifard et al., 2019); str dung vat liéu zeolite (Yurekli, 2016)... Cac vat liéu nay cho
hi€u qua x1r 1i tbt nhung van con mot sd han ché vé mit kinh té, méi truong nén cac nha khoa
hoc da va dang nghién ciru viéc tan dung cac phu phim néng nghiép diéu ché vat liéu hap
phu trong xtr li méi trudng nhu hap phu Cd, Cu, Pb, Zn... bang lignocellulosic (Abdolali et
al., 2016) hay hip phu céc ion kim loai ning bang vo ca phé (Oliveira et al., 2008). Trong
d6, than sinh hoc dugc nghién ctru sir dung nhiéu dé xir li ion kim loai ning trong nudc thai.
Than sinh hoc thuong c6 ciu tric min, xOp dugc ché tao bang cach nhiét phan cic phu pham
ndng nghiép giau carbon trong diéu kién khong c6 khi oxygen (Abdul et al., 2017; Liu et al.,
2015). Cac nghién ctru trude day cho théy duoc tinh hi¢u qua va kha thi cia viéc st dung
than sinh hoc ché tao bang cac phu phim néng nghiép trong viéc xir li ion kim loai ning
(Fengetal., 2011; Inyang et al., 2012; Oliveira et al., 2008; Shen et al., 2019). Ngoai ra, Viét
Nam 1a mot nudc phat trién chi yéu nganh néng nghiép véi nhiéu phé phu pham nong nghiép
chua dugc sir dung (mun cwa, ba mia, v6 lac, vo trau...) cung cap ngudn nguyén lidu tiém
nang trong diéu ché than sinh hoc.

Do d6, bai bao nay cong bd két qua nghién ciru didu ché than sinh hoc ¢6 ngudn gbc
tir mun cua; khao sat cac diéu kién t6i uu trong hap phu ion Pb(II), Cu(Il) trong dung dich
va ing dung chung vao viéc xir li ion Pb(II), Cu(Il) trong nudc thai tir Phong Thi nghiém
Hoa V6 co, Khoa Hoa hoc, Trudng Pai hoc Su pham Thanh phdé Ho Chi Minh.

2. Vat liéu va phwong phap nghién ctru
2.1. Phwong phdp thu méu

M3u mun cua duoc liy vao thang 6/2020 tai mét trai cua thudc dia ban xa Tién Thuy,
huyén Chau Thanh, tinh Bén Tre. Mau sau khi lay vé& dugc rira nhiéu 1an véi nuée khir ion
(DI), phoi khé tu nhién trong 2 ngay va siy khd trong ta siy ¢ 60°C trong thoi gian 24 gio.
2.2. Hoa chdt, dung cu va thiét bj

Céc thiét bj s dung: may AAS iCE 3000 SERIES cua Thermo Scientific (M), may
lic tron SKO300-Pro cua Dragonlab (Mi), 16 nung Nabertherm, ti siy Memmert-UNB500,
may do pH SI Analytics.

CAc hoé chat str dung 12 loai tinh khiét cia Merck va Trung Quéc (d6 tinh khiét trén
99,9%), bao gom: Pb(NOs)2, Cu(NO3)2-3H.0, KCI, HNO3, NaOH, HCI, dung dich dém pH
4,01 va 7,00; cac dung dich chuan: Pb%* 1000 mg-L™ va Cu?* 1000 mg-L™. Nudc DI sir dung
duoc loc qua may loc siéu sach WATER PRO PS.

2.3. Bé tri thuc nghiém
2.3.1. Piéu ché than sinh hoc

Mau mun cua sau khi thu va xt I (muc 2.1) duoc nung trong méi truong khi Nz (luu
lwong khi 0,05 L-phat™), nhiét do nung 400°C, thoi gian nung 2 gio rdi dé ngudi dén nhiét
d6 phong. Sau khi nung, than duoc rira sach bang acetone va nudc DI dén gia tri pH cua
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nuée rira xap xi 7,0. Siy kho than thu dugc & nhiét do 80°C trong 24 gio (Xue et al., 2020).
Mau than sinh hoc thu duoc goi 1a BC-MC.
2.3.2. Bé tri thi nghiém khao sat pHpz

Trong nghién ciru vé bé mat vat liéu, diém dién tich khong pzc (point of zero charge)
duoc str dung dé giai thich cho qua trinh trao d6i, hip phu cac ion trén bé mit vat liéu. Gia
tri pHpzc duge xac dinh dua trén sy chénh léch pH cua dung dich trude va sau khi trao doi
ion trong dung dich bang vat liéu khao sat (Bakatula et al., 2018). Gi4 tri pHpzc 1a diém pH
ma tai do ApH; = 0:

ApHi = pHsau — pHdu @
Trong d6: pHsau: gia tri pH ctia dung dich sau khi trao d6i ion bang vt liéu khao sat.

pHau: gid tri pH cua dung dich truée khi trao d6i ion bang vat liéu khao sat.

Thi nghiém xac dinh pHpzc cia BC-MC duoc thuc hién trong céc binh tam gidc dung
tich 250 mL, mdi binh chira 40 mL dung dich NaNO3 0,1 M, pH cua cac dung dich duoc
diéu chinh sao cho gia tri pHaau ting dan tir 3 — 11 (pHaau duoc diéu chinh bang dung dich
HNO3 0,1 M va NaOH 0,1 M). Thém 0,05 g BC-MC vao mdi binh tam giac, lic lién tuc
trong vong 24 gio véi toe d6 200 vong-phit ™. Loc Iy dich loc va do lai gia tri pHsau. Xt Ii
s6 liéu thu duoc va tim gié tri pHpz.
2.3.3.B0 tri thi nghiém khdo sdr don bién vé cac yéu to pH, thoi gian, nong dé va khoi hieong
BC-MC

Thi nghiém khao sat dugc thuc hién trong cac binh tam giac cé chira 50 mL dung dich
hap phu (dung dich Pb(NO3)2 hodc Cu(NOs)2) va khéi luong BC-MC nhét dinh (0,02-0,10g).
Gia tri pH cua dung dich duoc diéu chinh bang cach thém mét lugng nho dung dich HNO3 0,1
M hodc NaOH 0,1 M, dam bao thé tich dung dich thay d6i khong dang ké. Lac lién tuc cac
dung dich thu dwoc bang may lic trong khoang thoi gian xac dinh (5-1440 pht). Sau khi lic,
tién hanh loc 1y dung dich loc bang gidy loc. Nong d6 ion Pb(11) va Cu(11) trong dung dich
trugc va sau hap phu duoc phan tich bang thiét bi phan tich phd hap thu nguyén tu.

Tién hanh khao sat cac yéu t6 anh huong dén kha niang hap phu ion Pb(11), Cu(ll) bang
BC-MC, bao gém: pH dung dich, thoi gian hap phu, ndng do ban dau caa ion kim loai, khéi
lugng BC-MC. Tt ca cac thi nghiém khao sat déu duoc 1am lap 3 1an va lay gia tri trung
binh. Céc diéu kién khao sat dwoc trinh bay chi tiét trong Bang 1:

Bdng 1. Piéu kién thuc nghiém khdo sat cac yéu to anh huweng trén BC-MC

Yéuté  Khéilweng Nong do dau  Thei gian hip Téc dd lic

khao sat than (g) pH (mg-L?) phu (phat) (vong-phut?)
oH 0,05 20-60 5 ((Fgfj)) 120 500
Thei gian 0,05 4,0 o ((Féz)) 5-1440 500
Nong do 0,05 4,0 5-200 120 500
Kg‘g_'h‘;’l‘-g‘g 002-010 40 1508 ((gs’;' 120 500

2164



Tap chi Khoa hoc Trwdng BPHSP TPHCM Pham Tiang Cdt Luong va tgk

Dung luong hap phu cac ion kim loai trén BC-MC dugc tinh theo phuong trinh (2):
(c,-c)v
g=—-—""— ()

™ han

Trong d6: q 1a dung luong hap phu (mg-g™?), Co 1a ndng do ion kim loai trudc hap phu
(mg-L™Y), Ct 1a ndng do ion kim loai sau hap phu (mg-L™), V la thé tich dung dich nghién
ctru (L) va Mian 12 khéi lwong BC-MC (g).
2.3.4.Nghién ciru dong hoc cuia qua trinh hap phu

Dé xéac dinh dong hoc qua trinh hap phu, chuan bj 10 binh tam giac chira dung dich
ion can khao sét véi ndng d6 xac dinh (dung dich Pb(11) 50 mg-L™* hoac Cu(ll) 25 mg-L™?).
Thém 0,05 g BC-MC vao céc dung dich va lic bang may vai téc ¢6 500 vong-phat? trong
thoi gian twong @ng (tir 5 phut dén 1440 phat). Tién hanh loc va phan tich ndng do ion kim
loai trong dung dich sau hap phu bang thiét bi phan tich phé hap thu nguyén tir. Lap lai thi
nghiém 3 lan, lay gi tri trung binh va tinh toan dua trén cac phuong trinh dong hoc.
2.3.5.Nghién cizu mé hinh hdp phu dang nhiét

Dé xac dinh md hinh hap phu dang nhiét, chuan bi 7 binh tam gi4c chira dung dich ion
kim loai khao sat c6 ndng do ting dan tir 5-200 mg-L%. Cho vao mdi dung dich 0,05 g BC-
MC va lic bing may vai tée do 500 vong-phat?. Sau 120 phdt, loc 1y dung dich sau hap
phu va phan tich nong d6 ion kim loai trong dung dich sau hap phu bing thiét bi phan tich
phd hap thu nguyén tir. Lap lai thi nghiém 3 1an, ldy gid tri trung binh va tinh toan duya trén
cac phuong trinh dang nhiét.
2.3.6.Nghién ciru cac dac trung cua than sinh hoc

Dic diém bé mit va hinh théi cta than dugc x4c dinh dua vao anh hién vi dién tir quét
SEM trén may FESEM S4800 HITACHI-Nhat Ban tai Nanotechnology Lab — Trung tdm
Nghién ctu trién khai khu Cong nghé cao Thanh phd H6 Chi Minh. Phan tram khéi luong
cac nguyén t6 trong mau than trudc va sau khi hip phu duoc xac dinh qua phd tan xa ning
luong tia X (EDX), do bang may EDX H-7593 HORIBA-Anh ciing & dja diém trén. Phd
EDX dugc xac dinh tai 3 vi tri khac nhau va Iy gia tri trung binh. Phd hong ngoai duogc do
bang thiét bi quang phd hong ngoai FT-IR Jasco tai Phong Thi nghiém trung tam, Khoa Hoé
hoc, Truong Pai hoc Su pham Thanh phd H6 Chi Minh.
3.  K&étqua vathao luan
3.1. Cic dac trwng cua than sinh hec

Anh SEM ciia miin cua trude va sau khi nung ¢ 400°C duoc thé hién ¢ Hinh 1. Két
qua chup anh SEM cho thiy, mun cua dugc ciu tao tir nhitng soi dai, dan xen nhau (Hinh
1a). Sau khi nung, BC-MC duoc hinh thanh c6 ciu tric gom nhiéu lép, twong ddi bang phang
va nhiéu khe ranh (Hinh 1b), dy doén 13 phii hop sir dung dé hap phu ion kim loai ning.
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Hinh 1. Anh SEM cuia min cua (a) va BC-MC (b)

Két qua phan tich phd héng ngoai cua vat liéu BC-MC duoc thé hién trong Hinh 2.
Trén phd FT-IR, mét tin hiéu td va rong tai vi tri 3197,4 cm™ duoc quy két cho dao dong
hod tri cua lién két O-H. Tin hiéu tai 1583,27 cm™ c6 thé duoc quy két 1a dao dong hoa tri
ciia C=C hodc C=0. Ngoai ra, trén phd FT-IR con xuat hién mét tin hiéu manh tai 1234,22
cm™ duoc quy két cho dao dong hoa tri cua lién két C — O (Merck, 2021). Nhu vy, trong
cAu triic caa BC-MC ¢6 thé c6 chira cac nhém -OH, -COOH, C=0... Su xuét hién cac nhém
chuc nay gop phan lam ting kha ning hip phu ion kim loai ning cta vét liéu BC-MC thdng
qua cac co ché hap phu vat Ii va hap phu hod hoc (tao phtic) (Han et al., 2017; Nguyen et al.,
2020; Wu et al., 2019). Két qua phan tich phd FT-IR cua vat lidu sau hap phu (Hinh 3) cho
thiy c6 sy thay d6i vé vi tri cac tin hiéu so vai truge khi hap phu, ching minh sy hinh thanh

lién két gitra cac nhom chue trén bé mit vat liéu BC-MC va ion kim loai.
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Hinh 2. Phé FT-IR cua vt liéu BC-MC truéc hap phu
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Hinh 3. Phé FT-IR cua vt ligu BC-MC sau khi hdp phu ion Pb(I1) (a) va ion Cu(ll) (b)
Két qua phan tich EDX trong Bang 2 cho thiy, BC-MC c6 thanh phan cha yéu la
carbon (75,55%), oxygen (23,09%) va calcium (1,36%). Sau khi hap phu, thanh phan caa
vat lidu xuat hién nguyén t6 Pb va Cu vai ti Ié twong ing 16,65% va 2,44%. Diéu nay ching
t6 vat liéu BC-MC da hip phu thanh céng ion Pb(I1) va Cu(ll).
Bdng 2. Két qua phan tich EDX ciia mdu BC-MC
trieée va sau khi hap phu cac ion Pb(11) va Cu(ll)
Phan trim khdi lwgng nguyén td (%)

C O Ca Pb Cu

BC-MC 75,55 23,09 1,36 - -

BC-MC sau hap phu Pb(11) 61,30 20,74 1,31 16,65 -
BC-MC sau hap phu Cu(ll) 70,58 26,98 - - 2,44

Ngoai ra, sau khi hap phu ion Cu(ll), trén phd EDX cua vt liéu thu dugc khong con
tin hiéu cua nguyén té calcium. Do do, c6 thé du doan mét trong cac co ché xay ra trong qua
trinh xu Ii ion Cu(ll) 12 qua trinh hip phu trao d6i ion gita Ca?* véi Cu?*, co ché nay da
duoc dé nghi trong nghién ciru trude d6 (Ma et al., 2020).

3.2. Két qua nghién cizu hdp phu ion Pb(11) va Cu(ll) cizia BC-MC
3.2.1. Anh huéng cua pH

pH caa dung dich 12 mét trong nhitng théng sb quan trong tac dong dén qua trinh hap
phu ion kim loai nang trén vat liéu hdp phu. pH anh huong dén dién tich bé mit cua vat liu
hap phu ciing nhu mirc d6 ion hoé cua ion kim loai. Kha ning hap phu ion Pb(I1) va Cu(ll)
ctia BC-MC phu thudc nhiéu vao pH ban dau cua dung dich, duogc thé hién trong Hinh 4. pé
tranh su xuat hién cua cac két tua hydroxide, tién hanh khao sét anh huong cua pH dén dung
lwong hap phu ion Pb(11) va Cu(ll) trong khoang pH tir 2,0-6,0. Nhin chung, khi ting pH
dung dich tir 2,0 dén 4.0, dung luong hap phu ting nhanh tir 1,35 mg-g™ d&én 16,69 mg-g™
dbi véi ion Cu(ll) va tir 5,33 mg-g™* dén 48,87 mg-g™ ddi véi ion Pb(Il). Sy hap phu ca hai
ion Cu(I) va Pb(II) déu dat gia tri cuc dai tai pH = 4,0. O gia tri pH thap, qua trinh hap phu
ion Pb(1l) va Cu(ll) kém do su canh tranh cua ion H* linh dong trong dung dich. Cac ion H*
c6 ndng do cao va ban kinh nho nén duoc uvu tién hap phu va gitr lai trén bé mat vat liéu hon
cac ion kim loai (Cu?* va Pb?*). Mit khéc, ion H* c6 kha ning twong tac vdi cac dién tich
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am cua cac nhom (C=0, COO") trén bé mit vat liéu BC-MC, lam giam kha ning hip phu
cac cation Cu?* va Pb%*. Gia tri pH tbi wu roi vao khoang 4,0-6,0, do ¢ khoang pH nay ndng
d6 ion H* khong qua cao dé gay anh huong dén qua trinh hip phuy, déng thoi su phan li cua
nhom carboxyl s& lam tang dién tich &m trén bé mat vat liéu, lec hit gitta cac ion kim loai
tich dién duong Ién bé mit vat liéu duoc tang cuong (Feng et al., 2011; Pellera et al., 2012).
Diéu nay ciing duoc giai thich thdng qua két qua xac dinh gié tri pHpz cia BC-MC duoc
trinh bay trong Hinh 5. Két qua phan tich pHpzc cho thdy diém dién tich khong cuaa vat ligu
dat duoc khi pH cua dung dich bang 7,6. Khi pH cua dung dich thap hon gia tri pHpz, bé
mat vat liéu tich dién duong va gay can tré viéc hip phu cac cation (Wang et al., 2018). Khi
gia tri pH ctia dung dich tang dan dén gia tri pHpzc thi dién tich duong trén bé mat than giam
dan, 1am giam luc day tinh dién giira cation va bé mit than va tao diéu kién thuan loi hon
cho viéc hap phu cac ion kim loai [&n bé mat than.

D
(=]

30 T+ Pb(l) —e—Cu(Il)
40 +

Dung lugng hép phu (mg-g!)
(3]
o

20 +
10 +
0 t f } } ;
0 1 2 3 4 5 6 7
pH cua dung dich

Hinh 4. bé th; biéu dién si phu thugc ciia dung heong hdp phu ion Pb(11) va Cu(ll)
trén BC-MC vao pH

ApH;
o

pHaiu
Hinh 5. 6 th; biéu dién sw phu thugc cua gia tri ApHi theo pHaiu ciia dung dich

2168



Tap chi Khoa hoc Trwdng BPHSP TPHCM Pham Tding Cat Luong va tgk

3.2.2. Anh huéng cua thoi gian

Hinh 6 thé hién sy phu thudc cua dung luong hap phu ion Pb(11), Cu(Il) trén BC-MC
vao thoi gian. Khi tang thoi gian hip phu, dung lwong hap phu cia BC-MC véi céc ion Pb(11)
va Cu(Il) déu tang nhanh va dat gia trj can bing sau khoang 120 phut. Téc dd hap phu ion
Pb(11) va Cu(ll) vao BC-MC nhanh trong khoang 120 phut ban dau va cham hon khi & trang
thai can bang. Cu thé 1 khi tang thoi gian hap phu tir 0-120 phit thi dung lwong hip phu
tang dén 47,14 mg-g™ ddi véi ion Pb(11) va 14,62 mg-g™ ddi v6i ion Cu(Il). Tang thoi gian
hap phu tir 120-1440 phit thi dung luong hp phu ting cham, ting tir 47,14 mg-g™* dén 49,15
mg-g™ ddi vé6i ion Pb(ll) va tir 14,62 mg-g™* dén 18,40 mg-g* ddi véi ion Cu(Il). Piéu nay
c6 thé giai thich 1a do thoi gian dau, cac tdm hap phuy trén bé mit BC-MC nhanh chong tuong
tac vé6i cac ion Pb(II) va Cu(Il) va dat trang thai bdo hoa. Sau khi cac tm hap phu di bdo
hoa thi qué trinh hap phu s& dién ra cham lai va dat trang thai can bang.

Nhu vay, qua trinh hip phu ion Pb(11) va Cu(ll) trén BC-MC hau nhu dat trang thai
can bang tir khoang 120 phut (gia tri dung lwong hip phu twong ung 47,14 mg-g™* ddi véi
ion Pb(I1) va 14,62 mg-g™* ddi vé6i ion Cu(Il)) va ting khong dang ké trong thoi gian tir sau
120 phat (Hinh 6).

60

50 +

40
Pb(I) —e—Cu(ll
wl (an ()

20 + N

o

0 —H—+—+++++++++++++++++++++
0 200 400 600 800 1000 1200 1400 1600
Thoi gian (phat)

Dung hrong hip phu (mg-g"')

Hinh 6. Dung lwong hdp phu ion Pb(11) va Cu(ll) trén BC-MC theo thoi gian
3.2.3.HP¢6ng hoc qua trinh hdp phu
Pong hoc qua trinh hip phu duoc danh gia théng qua 2 mé hinh dong hoc biéu kién
bac mét va bac hai theo phuong trinh (3) va (4) (Inyang et al., 2012; Kilig et al., 2013).

ln(qe—qr) =In(q,) -kt 3)
LI
ar  9ge k2q? (4)

Trong d6 qe 14 dung lwong hap phu tai thoi diém can bang (mg-g™); gt 1a dung luong
hap phu tai thoi diém t (mg-g™); ki 1a hang s toc d6 hap phu biéu kién bac mét (phat™); kz
1a hang s6 tbc do hap phu biéu kién bac hai (g-mg™-phat™), t 1a thoi gian hap phu (phat).
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Két qua tinh toan céac thong sé cua phuong trinh dong hoc bac mot va dong hoc bac
hai dugc trinh bay trong Bang 3. Két qua cho thiy, véi mé hinh dong hoc bac méot ¢d hing
s6 twong quan R? 13 0,862 di vai ion Pb(11) va 0,893 véi ion Cu(Il), ddng thoi gié tri dung
luong hap phu tai thoi diém can bang theo tinh toan ge, cal khdng phil hop vai gia tri dung
lwong hap phu tai thoi diém can bang theo thuc nghiém ge, exp. Gid tri % sai s giita O, cal Va
Oe, exp trong mo hinh dong hoc bac mot ddi vai qua trinh hap phu ion Pb(11) va Cu(ll) lan luot
1a 84,88 % va 63,70 %. Do d6 md hinh dong hoc bac mot khdng phu hop giai thich qua trinh
dong hoc hap phu ion Pb(11) va Cu(l1) 1én BC-MC. Két qua nghién ctru nay twong ddng véi
mot s6 nghién ctru cua cac tac gia khac nhu (Inyang et al., 2012; Kilic et al., 2013).

Déi véi md hinh dong hoc bac hai, cho thiy hang s6 twong quan R? kha cao (R?= 1,000
va 0,999 twong tmg vé&i ion Pb(I1) va Cu(ll)). Két qua ciing cho thay gié tri dung luong hip
phu tai thoi diém can bang theo tinh toén ge, cal €6 Sur phli hop cao véi gid tri dung luong hap
phu tai thoi diém can bang theo thuc nghiém e, exp. Gid tri % sai $6 gitra G, cal VA Ge, exp trong
moé hinh dong hoc bac hai ddi véi qua trinh hap phu ion Pb(I1) va Cu(ll) lan luot 12 0,22 %
va 1,20 %. Do d6, c6 thé thdy qua trinh hap phu ion Pb(I1) va Cu(ll) 1én BC-MC tuén theo
moO hinh dong hoc bac hai.

Bdng 3. Cac théng sé ciia phuwong trinh déng hoc biéu kién bac mgt va bdc hai

Qe,exp Qe,cal . K 2
K (mgg!) (mgg?  °sMse R
Bing hoc 4 5089 (phitl) 49,15 743 84,88% 0,862
Pb(1) ]Z’Daf mot h
ong  hoc -ma-L-ohitl 0
bae hai 0,0044 (g-mg-phat™) 49,15 49,26 022% 1,000
f?”g _h9¢ 0042 (phaty) 18,40 6,68 63,70% 0,893
cuny et
ong oc .ma-L.nhrit1 0
b pat 0,0023 (g-mg-pht?) 18,40 18,62 120% 0,999

Phan tram sai s6 dugc tinh theo phuong trinh (5):

qe,('a!_ qe, exp

% sai s6 = .100% (5)

9e.exp
V6i Qeexp 12 dung lugng hap phu rit ra tir s6 liéu thuc nghiém (mg-g™), Ge.car 12 dung
lwong hip phu ngoai suy tir phuong trinh tuyén tinh (mg-g™).
3.2.4. Anh huéng cia nong do
Sy phu thudc caa dung luong hap phu vao ndng do ban dau caa cac ion kim loai dugc
thé hién qua Hinh 7. Khi ting nong d6 ion kim loai tir 5 mg-L™* dén 75 mg-L™* d6i voi ion
Pb(11) va tir 5 mg-L* d&én 25 mg-L* d6i véi ion Cu(Il), dung lwong hap phu c6 xu huéng
tang manh. Tuy nhién, khi nong d6 ion Pb(ll) tir khoang 75 mg-L™* tré 1én va nong do ion
Cu(11) tir khoang 25 mg-L™ tro 1én thi dung lwong hap phu thay ddi khong dang ké. O khbi
lwong than xé4c dinh, s luong cac tdm hap phu hoat dong trén bé mat BC-MC 1a ¢ dinh. Vi
vay, khi hap phu céc dung dich c6 ndng do ion kim loai ting dan, sé tam hap phu tréng trén

2170



Tap chi Khoa hoc Trwdng BPHSP TPHCM Pham Tding Cat Luong va tgk

BC-MC s& giam dan, dung luong hap phu ting dan. Khi cac tam hip phu tréng trén BC-MC
bao hoa thi qua trinh hap phu dat trang théi can bang (dung luong hap phu thay d6i khdng
dang ké).

. 70
B0
&y 60 T y
£
E_ 50 T .J_../
g 40 4+ ——Pb(II) —e—Cu(Il)
= 30 f
UD ——
= 20+ / ° o
o
5 10 --/'—-k/r-‘
0 I I . f
0 50 100 150 200 250

Néng d6 dung dich (mg-L")

Hinh 7. Bé th; biéu dién si phu thugc ciia dung heong hdp phu ion-Pb(11) va Cu(ll)
trén BC-MC vao nong do
3.2.5.Mb hinh hdp phu ddng nhiét
Can bang hap phu dugc st dung qua hai mé hinh dang nhiét phd bién la Langmuir va
Freundlich (Atkins & De, 2013):

Phuong trinh hap phu dang nhiét Langmuir:
c, c, 1

=—+ (6)
qe qm qm‘K{‘

Phuong trinh hap phu dang nhiét Freundlich:
Ing =InkK , + (i)ln( c,) (7)

n

Trong d6, Ce 12 ndng d6 chat bi hap phu tai thoi diém can bang (mg-L™), ge 1a dung
lwong hip phu & thoi diém can bang (mg-g™), K 1a hang s6 can bang hip phu Langmuir
(L'mg™), gm 1a dung luong hap phu cuc dai cua chat hiap phu (mg-g?), Ke (L'mg™) 1a hang
s6 can bang hap phu Freundlich, 1/n 13 hang s6 ctia phwong trinh Freundlich, déc trung cho
tinh khong dong nhat vé ning lwong cua bé mat hap phu.

Db thi biéu dién su phu thudc cia Ce/ge Va0 Ce ddi Voi mé hinh Langmuir duoc trinh
bay trén Hinh 8 va Hinh 9; d thi biéu dién sy phu thudc In(ge) vao In(Ce) d6i mé hinh
Freundlich dugc trinh bay trén Hinh 10 va Hinh 11.
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2,5 10
20 T y=00161x+0,012 8 T y=0,0488x + 0,217
- R*=0,9997 T R?=0,9974
& 1,5 4 6
“ 1,0 - & 4
[S—-
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0,0 —— 0
0 50 100 150 0 50 100 150 200
C C

Hinh 8. Po thi dang tuyén tinh theo phirong Hinh 9. Poé thi dang tuyén tinh theo phwong
trinh Langmuir czia qué trinh hap phu ion Pb(ll)  trinh Langmuir cia qué trinh hap phu ion
trén BC-MC Cu(ll) trén BC-MC

0+
5

')" y=0,2268x + 1,9734
1,5 + R2=10,9107

1,0 +
0,5 +

f
|
In(qe)

In{ge)

a0 4 e

b e e
n

y=0,3382x + 2,9305
R* = 0,7588

0.0

I
o . + + : t HH

3 2 -1 0 1 2 3 4 5 6 -2 -1 0 1 2 3
n(C,) In(Ce)

Hinh 10. D6 th; dang tuyén tinh th,eo phuong  Hinh 11. D6 thj dang tuyén tinh theo phiong
trinh Freundlich cia qua trinh hap phu ion  trinh Freundlich cua qué trinh hdp phu ion

5 6

Pb(l1) trén BC-MC Cu(ll) trén BC-MC
Bdang 4. Cac tham s¢ cia cac md hinh hdp phyu dang nhiét trén vt liéu BC-MC
Ping nhiét Langmuir Ping nhiét Freundlich
m(Mg-g™) KL (L-mg™) R K (L-mg™) n R
Pb(ll) 62,11 1,342 0,999 18,737 2,957 0,759
Cu(ll) 20,49 0,225 0,997 7,195 4,409 0,911

Dua vao Bang 4 ¢ thé thay, qua trinh hap phu ion Pb(I1) va Cu(ll) trén BC-MC theo md
hinh Langmuir c6 hé sb tuong quan R? déu 16n hon cia mé hinh Freundlich. Do d6, mé hinh
Langmuir pht hop hon trong viéc md ta qué trinh hap phy ion Pb(11) va Cu(l1) trén BC-MC. Nhu
vdy, qua trinh hap phu ion Cu(l1) va Pb(11) trén vat liéu BC-MC cha yéu 1a hip phu don 16p; bé
mat hap phu ddng nhat vé mit ning luong. Thong qua tinh toan, dung lwong hap phu cuc dai cua
BC-MC d6i vé6i ion Pb(IT) va Cu(II) 1an luot c6 gia tri 62,11 mg-g™ va 20,49 mg-g™.
3.2.6.Anh huéng cua khéi hrong than

Két qua khao sat anh huong cua khéi lugng BC-MC d6i véi qua trinh hap phu ion
Pb(11) va Cu(ll) thé hién trong Hinh 12 va Hinh 13. Két qua khao sat cho thiy khi ting khdi
lugng BC-MC thi hiéu suét hip phu ting do ting sé luong cac tam hap phu. Bi vai nong
d6 dau caa ion Pb(11) 100 mg-L™, hiéu suat hap phu bat dau dat cuc dai (trén 97%) khi khdi
lwong BC-MC str dung 13 0,08 g. Trong khi d6, néu st dung 0,08 g BC-MC thi hiéu suét hap
phu dung dich Cu(ll) 50 mg-L™* chi khoang gan 80%. Diéu nay cho thiy BC-MC c6 kha
nang hap phu ion Pb(ll) tét hon ion Cu(Il). Bén canh d¢, khi ting khéi lwgng BC-MC thi
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dung lwong hap phu ion Pb(11) va Cu(ll) trén BC-MC c6 xu huéng giam di. Biéu nay 1 do
& cuing ndng do ion kim loai, khi lugng BC-MC nho thi céc ion kim loai dé tiép can véi cac
tam hoat dong va gia tri dung lwong hap phu cao (Bui & Tran, 2017). Khi ting lwong than
thi s6 ion kim loai trén mot don vi chat hap phu giam, sé lwong tdm hap phu tréng ting va
dan dén dung lwong hap phu giam.
100
90 +

80 + —
70 +

A
60 +
50 + / —o— Cu(Il) Pb(I)

40 + _
30 + _
20 +

10 + -
0 t } + + +
0,00 0,02 0,04 0,06 0,08 0,10 0,12

Khéi luwgng than (g)

Phén trim hip phu (%)

Hinh 12. Pé th; biéu dién hiéu sudt hap phu ion Pb(I1) va Cu(ll)
trén ¢ cac khéi lirong BC-MC khéc nhau

+—Pb(II) o—Cu(IT)

301 T
1 ——

20 1 —e
1 ——

0,00 (},:)2 0,:2)4 0,1)6 0,2)8 0,=10 0,12
Khdi lugng than (g)
Hinh 13. D6 thi biéu dién dung leong hap phy ion Pb(I1) va Cu(ll)
o cac khoi luong BC-MC khac nhau
3.3. Unhg dung BC-MC trong xz Ii ion Pb(11) va Cu(ll)

Mau nudc thai trong Phong Thi nghiém Hda Vo6 co dugc thu vao cac binh chia trong
khoang thoi gian tir thang 02/2021 dén thang 4/2021. Mau thu vé dugc loc bo két tia va diéu
chinh dén gia tri pH = 4,0. Mau nudc nay duoc tién hanh xtr 1i theo cac diéu kién duoc liét
ké trong Bang 5.

Dung lugng hép phu (mg-g')

Bdng 5. Bé tri thi nghiém xi If mdu nuede thai

£ Thé tich Thoi gian Téc dp lic
‘ Khaéi lwgng than (g) pH (mL) (phuit) (vong-phait)
Lan1 0,05; 0,20 va 0,50 4,0 50 120 500
Lan 2 0,05; 0,20 va 0,50 4,0 50 120 500
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Két qua xir i nude thai dugc thé hién trong Bang 6. Nong do ion Pb(ll) trong mau
nudéc thai 1a 55,77 mg-L™, gan bang véi néng do ion Pb(Il) khao sat. Tuy nhién, ndng do
Cu(ll) trong mau nudc thai cao gap 8,5 1an nong d6 ion Cu(ll) trong dung dich khao sat. Két
qua xt Ii cho thiy, khi tang khdi lugng BC-MC, hiéu suat xtr If ca hai ion kim loai déu ting.
Tuy nhién, hiéu suat xu Ii hai ion kim loai con khé thap, dat gié tri khoang 30-42% khi khoi
lwong BC-MC sir dung 14 0,50 g. Didu nay c6 thé duoc giai thich 1a do nén mau that cé thanh
phan phtic tap véi su ton tai cia nhiéu ion kim loai khac. Pay 1a nguyén nhan din dén sy
hap phu canh tranh gitra hai ion véi nhau, va sy canh tranh hap phu ion Pb(11) va Cu(ll) véi
cac ion kim loai khac. DU hiéu qua xtr 1i chua cao nhung tir két qua ndy co thé thay tiém
nang cua viéc st dung than sinh hoc trong xr Ii cac ion kim loai trong cac nén mau thuc té.
Dic biét, trong bdi canh Viét Nam 1a mot nudc ndng nghiép phét trién véi trix lwong phé,
phu pham ndng, 1am nghiép I6n thi viéc san xuét than sinh hoc va ang dung trong xt Ii ion
kim loai nang trong nuéc s& mang lai loi ich kinh té va méi truong cao.

Bdng 6. Két qua xi |f mdu nuéc thdi phong thi nghiém Hod Vé co bang BC-MC

Khéi ngg do Néng d Hiéu Nong o Nong do Hiéu
(1 % Cu(ll) Cu(ln %
lwgng dAu Pb(lT) Siiu suat dAu sau suat
than (g) (mg-L'l) (mg'l— ) (%) (mg-L'l) (mg-L'l) (%)
0,05 54,66 5,38 206,69 3,70
Lan 1 0,20 57,77 46,14 20,14 214,62 180,76 15,78
0,50 33,75 41,58 144,55 32,65
0,05 55,14 4,55 207,26 3,43
Lan 2 0,20 57,77 46,83 18,94 214,62 169,83 20,87
0.,50 33,51 42,00 147,38 31,33
4.  Kétluan

Nghién ctru da chi ra kha nang xtr |i khac nhau caa than sinh hoc dugc diéu ché tir mun
cua vai hai ion 1a Pb(Il) va Cu(Il). Biéu kién t6i wu cho qué trinh hip phu ion Pb(ll) va
Cu(ll) cua BC-MC Ia pH = 4,0 va thoi gian can bang hap phu 1a 120 phat. Qué trinh hap phu
ion Pb(I1) va Cu(ll) trén BC-MC xay ra theo dong hoc bac hai. Qua trinh dang nhiét hip phu
ion Pb(I1) va Cu(ll) trén BC-MC phtl hop hon v6i mé hinh Langmuir. Dung lwong hap phu
cuc dai (gqm) cua BC-MC ddi véi ion Pb(Il) va Cu(ll) c6 gia tri lan luot 12 62,11 mg-g™* va
20,49 mg-g™. V&i mau nuéc thai thu duoc tir phong thi nghiém (ndng do ion Pb(ll) 57,77
mg-L™ va ion Cu(ll) 214,62 mg-L™), BC-MC da xu Ii cac ion kim loai véi hiéu suat 30-42%
(khdi lwgng BC-MC 12 0,05 g). Két qua nay cho thady BC-MC ¢4 tiém ning xt li nuéc thai
v6i ru diém chi phi khé thap va xir Ii nhanh. Sau nghién ciu nay, nhiéu huéng nghién cau
khéc c6 thé thuc hién: xay dung quy trinh xi Ii hiéu qua ion Pb(II) va Cu(II) trong nudc thai
cdng nghiép, bién tinh vat liéu nham nang cao dung lugng hip phu ion Cu(ll) va Pb(11), hay
khao sat ma rong hiéu qua xu li vai cac ion kim loai Khéc.
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ABSTRACT

This study aims to investigate four factors affecting the adsorption process of Pb(11) and Cu(ll)
ions on biochar prepared from sawdust. These factors include: pH (2.0-6.0), metal ion concentration
(5-200 mg.L?), adsorption time (5-1440 minutes), and biochar weight (0.05-0.10 g). The results show
that the maximum amount of metal ion adsorbed per adsorbent mass unit reached 62.11 mg.g™* for
Pb(I1) and 20.49 mg.g™* for Cu(Il) at pH = 4.0 and adsorption time of 120 minutes. The adsorption
of Pb(I) and Cu(ll) ions on biochar is well represented by the second-order kinetics and Langmuir
adsorption isotherm model. This study presents the ability to remove Pb(ll) and Cu(ll) ions in
wastewater of the Inorganic Chemistry laboratory at Ho Chi Minh City University of Education.
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