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TOM TAT

Than sinh hoc ¢6 ngudn gdc tir chat thai chian nudi hién dang thu hat nhiéu su cha y vé
tiém nang hap phu dé xir Iy méi trudng. Muc tiéu ctia nghién ciru nay 1a khao sat co ché loai
bd Cu?* khoi dung dich nuéc cua than sinh hoc c6 nguon gdc tir phan bo nhu mot chat hap
phu. Than sinh hoc duoc diéu ché & cac nhiét do 300, 450 va 600 °C, cac tinh chat hoa 1y ciia
than nhu ham luong hiru co TOC, pH, pHpzc, s6 nhom chire H* va OH™ d3 dugc xac dinh.
Than sau thu duoc cho can bang véi dung dich Cu** & nhiéu ndng d6 khac nhau, dao dong
0-360 mg/L trong khoang 12 gio. Cac duong dang nhiét hap phu Cu®* cia than duoc didu ché
6 300 va 450 °C phu hop véi mo hinh Langmuir hon, trong khi mé hinh Freundlich phu hop
hon cho than dugc diéu ché & 600 °C. Kha ning hip phu téi da cia Cu?* cho than diéu ché &
300, 450 va 600 °C Ian luot 1a 12,2; 21,8 va 21,6 mg/g. Khao sat dong hoc cho thiy qué trinh
hip phu dat trang thai can bang sau 5 gio va mo hinh dong hoc gia bac 2 1a phu hop dé giai
thich dong hoc qua trinh hip phu Cu®* 1én than sinh hoc. Két qua chi ra rang phan bo 1a chat
thai c6 thé dugc chuyén ddi thanh than sinh hoc c¢6 gia tri nhu mét chat hap phu dé loai bo
doc tinh Cu®* khoi méi truong nudc.

Tir khéa: Can bang va dong hoc, hip phu Cu?*, phan bo, than sinh hoc.

1. GIOI THIEU

Kim loai ning va cac hop chét cua chung tac dung doc hai dén hé sinh thai thily sinh va
con nguoi dang 1a mot mbi quan tam dbi v6i cac nha nghién ctru méi truong trén thé gidi
trong nhirng nam gan day [1]. M6t s6 kim loai nang nhu Cu, Zn la nhirng kim loai can thiét
cho sy trao d6i chat binh thuong cua sinh vat, nhung van c6 thé gay doc hai cho sinh vt véi
nong d¢ thap [2]. Do d6, diéu quan trong va cép bach l1a tim kiém nhiing giai phap vira hiéu
qua va c6 loi V& chi phi & xir 1y kim loai ning, bao vé chit lvong méi truong nude. Nhidu
ky thuat da duoc phat trién dé loai bo kim loai ning ra khoi nuée va nuée thai, bao gom két
tia hoa hoc, mang, trao doi ion va hap phu [3].

Than sinh hoc 1a san pham dugc san XUét tir cac phu phim néng nghi¢p bang phuong
phap nhiét phén trong diéu kien yem khi ¢ nhiét 4 > 300 °C. Céc tinh chat va hiéu suat thu
hoi cta than sinh hoc ¢6 lién quan dén cac théng sb diéu ché nhu: nhiét do, thoi gian luu va
tbc do gia nhiét trong qua trinh nhiét phan, nguon gbc nguyén liéu, kich c& vat liéu [4]. Cac
co ché hip phu cua than sinh hoc dbi vai kim loai niang da cho thiy cac tinh chat hoa 1y bé
mit 1a yéu t6 chinh anh hudng dén higu suat hap phy, bi chi phdi rat nhiéu boi cac diéu kign
nhiét phan dic biét 1a nhiét do va thoi gian nung [5]. Do d6, nghién ciru vé co ché hip phu
ctia cac ion kim loai ning va than sinh hoc trong cac diéu kién nhiét phan khac nhau 1a cn
thiét.
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Phan bo tir cdc trai chan nuéi ¢ Viét Nam dugc su dung phd bién theo truyén théng
dugc lam kho va bén cho céy trong. Cac hoat dong nay thuong gy 6 nhiém do phat tan mui,
tham chi 1a nguén lay lan dich bénh. Nghién ctu chuyén phan bo thanh than sinh hoc Vi
nhiéu (g dung phong pht nhu cai tao dat, xir Iy kim loai, giam phat thai khi nha kinh 14 xu
thé hién nay [6]. Tuy nhién, cac nghién ciu vé anh huong than sinh hoc co ngudn goc tir
phan bo, nganh chan nudi phd bién ¢ huyén Cu Chi, TP. HCM lén co ché hip phu kim loai
nang, cu thé 1a ion dong hién con rat thiéu thong tin. Muyc tiéu cua nghién ctru 1a khao anh
huong ciia nhiét do diéu ché than sinh hoc c¢6 ngudn goc tir phan bod 1én mot sé thanh phan
hoa 1y, hiéu suat thu hdi cua than va kha nang hap phu Cu®* cua than sinh hoc, qua d6 dénh
gia kha nang tng dung than sinh hoc vao xir Iy doc tinh Cu®* trong nude va nudc thai.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1.Phwong phap thu miu

Mau phan bo duoc lay trong thang 12/2018 & mdt ho chan nudi bo thuong pham &
huyén Cii Chi, TP. HCM (10°58'17,8"N; 106°34 29,8 E), duoc lam khé so bg, cat nho < 5 mm
va say kho trong ti say ¢ 60 °C trong 24 gio [7].

2.2.B6 tri thuc nghiém

2.2.1. Dung cu va héa chdt thi nghiém

Céc hoa chit sir dung thudc loai tinh khiét phan tich cua Merck bao géom: CuCl,2H,0,
NaNOs;, HNO;, NaOH, H,0,. Nong dé dung dich luu trit 1a Cu®* 1000 mg/L. Nudc sir dung
1a nudc cat qua loc bang may loc nudc siéu sach Model: EASYpure Il RF cia Thermo
Scientific — USA. Dung cu thi nghiém phai duoc lam sach trude khi sir dung bang cach d6
day axit nitric 1M trong it nhat 24 gio va sau d6 xa sach bang nudc khir khoang [8].

2.2.2. B tri thuc nghiém

Diéu ché than sinh hoc mé phong theo nghién ctru cua Yoo et al., khi d6 phan bo sau
xir Iy dugc didu ché trong 10 nung Nabertherm P330 lan luot vai nhiét d6 1a 300, 450, 600 °C
V6i téc d6 nung dugc lap trinh 10 °C/phut cho dén khi dat duoc nhiét d6 mong mubn va luu
giir trong 2 gid trong diéu kién yém khi. Mau phan bo sau khi diéu ché dugc nghién nho qua
rdy 1 mm va luu tri trong tii PE kin, bao quan & 4 °C [9]. Cac mau than sinh hoc sau d6
dugc sir dung dé xac dinh pH, pHpzc [10], TOC theo phuong phap Walkley Black [11], sb
nhoém H'/OH' theo phuong phéap chuan d6 [12] va dé sir dung cho cac thi nghiém tiép theo.

Khao sat can bang hap phu Cu®* Ién than sinh hoc mé phong theo nghién ctu cia
Xu et al [13]. Thi nghiém duoc thyc hién trong cac dng polypropylen 60 mL bang cach tron
0,125 g than sinh hoc vaéi 25 mL dung dich NaNO; 0,01 M chua 0, 60, 120, 180, 240 va
360 mgCu?*/L. H3n hop nay sau d6 duoc khudy tron trén may lic GFL 3015 cua Buc & tbc
d6 100 vong/phit trong 12 gio (Thoi gian da la du dé sy hap phu cua Cu?* dat dén trang thai
can bang, di duoc xac dinh bang cac thi nghiém so bg), ¢ nhiét do phong va pH dao dong
6,0-6,5 (khong diéu chinh trong subt qua trinh thi nghiém). Sau khi cin bang, cic pha ran va
long duge tach ra bang cach ly tim & 4000 vong/phut trong 15 phut bang may ly tim DLAB
DM 0636 va dung dich dugc loc qua bo loc 0,22 um. Dich loc ngay lap tic dugce axit hoa
dén pH < 2 bang HNO; dam dic dé phan tich Cu** bang ICP-OES.

Khao sat dong hoc hap phu dugc thuc hién trong cac 6ng polypropylen 60 mL béng
cach tron 0,125 g than sinh hoc véi 25 mL dung dich NaNO; 0,01 M chira 120 mgCu?*/L.
Han hop nay sau dé dwoc khudy tron trén may lic & tbe d6 100 vong/phat. T4t ca cac mau
duoc lic & nhiét do phong trong 24 gio, dinh ky thai gian rat miu ra ly tim (4000 vong/phiit)
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trong 15 phut, duoc loc va axit hoa dén pH < 2 bing HNO; ddm dic dé phan tich Cu® bang
ICP-OES [13].

2.3. Xir ly dir li¢u thi nghiém

2.3.1. Tinh todn két qua

Tinh toan hi¢u suét thu hdi than

khéi lwong sau diéu ché

% hiéu suat thu hoi = Cong thirc 1

Khéi lwgng mau khd
Tinh toan pHpzc caa than
ApH = (pH¢ — pH;) Cong thuc 2
Trong d6, pH; va pHs 1a gi4 trj do pH ban du va sau khi cho than vao dung dich mudi
KC10,1 M vaKCI 0,01 M.

pHpzc duoc xac dinh sau khi do pH cudi cung va dugc vé ApH theo do pH ban dau.
pHpzc 1a diém ma duong cong ApH theo do pH vuot qua duong ApH = 0 [10]

Tinh toan cin bang hip phu
Dung lwong hap phu (mg/g):
(Cy—C).V

q=—— Cong thuc 3
m
Phuong trinh dang nhiét Langmuir [14,15]:

1 1 1 1
I — 4 —
9 KiqoCi  qo

V& 1/q theo 1/C, phuong trinh c6 dang y = ax+b, qua d6 c6 thé xac dinh go va xem xét
su phu hop ctua duong dang nhiét hap phu.

Cong thuc 4

q; =q; +q5 Cong thuc 5

Trong do:

Qo. Gi 12 dung lugng hap phu Cu cuc dai, tai thoi diém can bang mau i, g/, lugng Cu co
trong mau i tai thoi diém cén bang, g3 lugng Cu c6 san trong mau i tai thoi diem 0 (mg/g);
K| 1a hang s6 hap phu Langmuir (L/mg).

Phuong trinh dang nhiét Freundlich [16]:

q=y/m=KgC""

Hay:

1
Logq; = n—logCi + logKr Cong thuc 6
F

V€ logq theo logC, phuong trinh c6 dangy =ax +b

Trong d6 qo, G; 1a dung luong hap phu Cu cuc dai, tai thoi diém can bang mau i, g/,
luong Cu co trong mAu i tai thoi diém can bang, ¢ luong Cu c6 san trong mau i tai thoi
diem 0 (mg/g);

q:=q; + 495 Céng thic 7
Ci 1a ndng d6 ion Cu bj hip phu tai thoi diém can bang (mg/L);
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Ke ((mg/gid)/(mg/L)") va 1/ne 1a cac hing sé cua phuong trinh ding nhiét hap phu
Freundlich.

V& logq theo logC dé xem xét sy phu hop cia duong dang nhiét hap phu theo
Freundlich.

Tinh toan déng hoc hap phu

pé nghién ctu co ché hép phu, m6 hinh dong hoc bac 1, md hinh déng hoc bac 2
thuong duoc sir dung d€ phan tich va mo hinh hoa cac dir liéu hap phu dong hoc [14].

Phuong trinh gia bac 1:

Ln(q. — q;) — Lnq, = —k;t Céng thirc 8
Hay Ln(q, — q;) = —k,t + Lng, Cong thuc 9
Vé Ln(q, —q,) theo t
Phuong trinh gia bac 2:
1 11 1 o
—= +— Cong thuc 10

q tk,q? ' q.
Vé 1/q, theo 1/t
0. dung lwong hip phu Cu®* tai thoi diém can bang (mg/gam)
q: dung lwong hip phu Cu®* tai thoi diém t (mg/gam)
ki, (1/gi®) va k, (g/mg.gio) 1a hang sé van téc gia bac 1, bac 2.
2.3.2. Xut Iy 56 liéu

Céc sb lidu thu thap duoc tap hop va xir 1y thong ké bang phan mém co trong Exel. Dé
giam thiéu cac ngudn dan dén sai s6, mau lip da duoc sir dung trong cac phén tich dé danh
gi4 do chinh xac va sai 1éch. Céc thi nghiém va phén tich déu dwoc lap lai 3 lan. SPSS 20.0
dugc str dung dé xac dinh tinh ddng nhat cua phwong sai, sau d6 xac dinh sy sai khac cac gia
trj trung binh giita cac thi nghiém véi gia tri p < 0,05 bang Tukey’s test post hoc khi Sig >0,05
hogc Tamhane khi Sig < 0,05 [17].

3. KET QUA VA THAO LUAN

3.1. Khao sat anh hwéng cia nhiét d9 diéu ché 1én hiéu suat thu hdi, TOC, pH, pHzpc,
nhom chirc axit (H*), bazo (OH") caa than sinh hoc

Két qua nghién cttu anh huéng nhiét do didu ché than sinh hoc 1én hiéu suit thu hoi
than (Hinh 1) cho thay khi nhiét do tang tir 300, 450, 600 °C, hi¢u suat thu hoi lan luot 63,0;
51,1 va 49,4%, déu nay duogc 1y giai khi tang nhiét d6 nung cac chat dé bay hoi trong than
giam [14]. Két qua ciing tuong dong v6i nghién ctu cua Yavari et al. 1a hiéu suat giam khi
tang nhiét do nhiét phan tir 300 dén 700 °C da dugc bao cdo, cu thé ¢ 300 °C 1a 59,5% va
37,9% & 700 °C, dugc 1y giai do sy phan hity nhiét cia cac hop chét lignocellulose va mat
chat bay hoi 1a qua trinh chiu trach nhiém cho viéc giam hiéu suat thu hoi [21, 22]. Hon nira,
két qua ciing twong tu nhu trong bao cdo cua Yang et al., su gia ting nhiét do diéu ché than
sinh hoc 1am hiéu suat than sinh hoc giam [18].
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Hinh 1. Hi¢u suat thu hi than theo nhiét do diéu ché  Hink 2. Ham lugng TOC theo nhiét d¢ diéu ché than
4P: thé hién sy sai khac ¢6 ¥ nghia thong ké abC: thé hién sy sai khac ¢6 ¥ nghia théng ké

Két qua nghién ciru anh huong nhiét do diéu ché than tir phan bo dén ham lugng tong
carbon TOC (Hinh 2), cho thay khi nhiét d6 diéu ché tang tir 300 1én 450 °C ham lugng TOC
tang tir 36,7 1én 61,2%, diéu nay co lién quan dén Viéc tao ra cac axit hitu co va cac hop chat
phenolic do su phan huy nhiét cua cac hop chat cellulose va hemiaelluloses & trong khoang
nhiét 6 diéu ché cua nghién ctu [19]. Sau d6 giam manh vé 16,6% & 600 °C, diéu nay duoc
cho bai cellulose va lignin d bi phan hity nhiét hét trong khoang 240-350 °C va 280-500 °C [19].

Két qua nghién ctru khao sat anh huong nhiét do didu ché than sinh hoc 1én pH than thu
dugc (Hinh 3) cho thay pH tang 7,9 ; 9,3; 9,4 twong (ng véi nhiét d6 nung 1a 300; 450; 600 °C.
Két qua phan tich méi twong quan céac gia tri trung binh pH cua 3 mau than diéu ché ¢ cac
nhiét do khac nhau (p < 0,05) trén SPSS 20 cho thiy cac gia trj pH caa mau than & 300 va
450 °C 1a khac biét co y nghia thdng ké, két qua nghién ciru twong ty nhu trong nghién ctu
cua Zhang et al. khi thuc hién diéu ché phan bo ¢ Tay Tang cho thay tit ca cac mau than
sinh hoc thu duoc c6 tinh kiém, ching to rang hau hét cac nhom axit da bi mat trong quéa
trinh nhiét phan va su hién dién cua cac ion kim loai kiém, Ca, Mg va K 6n dinh va khong bi
bay hoi trong qua trinh san xuit than sinh hoc [20]. M3t khéc, khi nhiét d6 diéu ché & 450 va
600 °C, pH maiu than thu duoc c6 pH khong thay ddi nhiéu, didu nay co thé dugc 1y giai la
do céac anion hitu co d& bay di bi phan hity hét ¢ nhiét do 450 °C nén khong gop phan ting
pH méu than [20]. Két qua nghién ciru ciing tuong déng véi nghién ctru cua Cantrell et al.,
khi nhiét do diéu ché than sinh hoc c6 nguon gc phan bo tir 350 dén 700 °C ciing cho pH
dao dong tir 9,2 dén 9,9 [21].

0.10 ~ 0.10 -
b ab
0.10 ~ © @ 0.10 ~
0.09 - o 0.09 -
)
L 0.09 I 0.09 -
a
0.08 ~ ® 008 4 4
0.08 - 0.08 ~
007 T T T T 1 007 . .
200 300 400 500 600 700 300 450 600
Nhiét d nung (°C) Nhiét d¢ nung (°C)
Hinh 3. Biéu dién pH than theo nhiét d6 diéu ché Hinh 4. pHpzc theo nhiét do diéu ché than

2P: thé hién sy sai khac co ¥ nghia théng ké abC: thé hién sy sai khac ¢6 y nghia thong ké
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Két qua nghién ctru (Hinh 4) cho thay, khi nhiét do diéu ché than sinh hoc ting pHpzc
cua than san pham cling tang, cu thé pHpzc tang va déu thé hién tinh kiém, diéu nay cho thay
cac nhom bazo chiém uu thé trén bé mat than sinh hoc. Do pHpzc dong mét vai tro quan
trong trong viéc lya chon gia tri pH t6i wu cho cac nghién ctiru hap phu va 1am sang to cac co
ché hap phu. Khi gia tri pH cua dung dich <pHpzc, dién tich bé mat caa than sinh hoc 1a
duong do su proton hoa ciia cac nhém axit [3] va sy hip phu kim loai trén bé mat thuan loi,
nguoc lai, qua trinh két tua khi pH ting.

Nghién ciru thanh phan H* va OH’ cua than sinh hoc (Hinh 5 va 6), cho thiy khi ting
nhiét &6 diéu ché, s6 mmol H* giam va giam c6 y nghia ¢ nhiét d6 300 va 600 °C, trong khi,
s6 mmolOH™ tang c6 ¥y nghia & ca 3 nhiét do. Piéu nay duoc 1y giai theo Yang et al. thi sy
gia tang nhiét do diéu ché than sinh hoc, s nhom chirc axit giam, trong khi cic nhom chirc
kiém va pH tang [18].

06 - b = 13 - c
=

3 i o> 12 $
g 057 a,b 5 12
[a+]
> S
i 05 i E 12 1
é a %’ 12 - b

04 - i
- £ 12 a o)
T S 11 d
£ 04 - g )
S = 11 4
= Z
:g 03 T T 1 11 T 1
Z 200 400 600 800 0 500 1000

Nhiét d nung (°C) Nhiét d6 nung (°C)
Hinh 5. Biéu dién mmol H'/g than theo nhigt o Hink 6. Bieu dién mmol OH/g than theo nhiét do
diéu ché than diéu ché than,
ab,c.

2b: thé hién s sai khac c6 ¥ nghia théng ké : thé hién sy sai khac c6 ¥ nghia thong ké

Bdng 2. Phan tich méi trong quan cac thong sé vat Iy cua than sinh hoc

I;I;Letcgg mmolOH/g | pHpzc | % thu hoi pH mmolH/g | TOC

Nhiét d6 diéu ché 1 0,942 | 0,921 | -0,908" | 0,860™ | -0,954" | -0,445
mmolOH/g 0,942 1 0,744" | -0,724 0,665 0,866~ | -0,689"
pHpzc 0,921 0,744 1 -0,993™ | 0,9797 | -0,903” | -0,067
% thu hoi -0,908" | -0,724" | -0,993" 1 -0,973” | 0,883 0,067
pH 0,860 0,665 0,979 | -0,973" 1 -0,814" | 0,057
mmolH/g -0,954” | -0,866° | -0,903” | 0,883 | -0,814" 1 0,387
TOC -0,445 -0,689° | -0,067 0,067 0,057 0,387 1

** Tuong quan c¢6 y nghia ¢ p < 0,01

*Tuong quan c6 y nghia ¢ p < 0,05

Phan tich mdi twong quan (Bang 2) cho thdy, nhiét d6 diéu ché than twong quan chit
ché va ty I¢ thuan voi cac thong so mmolOH’, pHpzc, pH va twong quan ty I¢ nghich véi
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mmolH®, véi hi¢u suét thu hdi (chat), yéu véi TOC. TOC gan nhu khong ¢6 twong quan véi
cac thong so khac ngoai trir vai OH™ (am, & muic trung binh).

3.2. Khio sat can bing hap phu Cu? caa than sinh hoc theo cac nhiét dd diéu ché

Két qua khao sat can bang hap phu Cu®" 1én than & cac nhiét do didu ché khac nhau
(Hinh 7) cho thiy dung lwong hap phu cua than sinh hoc dugc diéu ché ting theo nong do
ban dau C, ciia Cu®* & ca 3 dang than, duong biéu din cua than 450 va 600 °C co vé gan
nhu nhau. Két qua tinh toan céc thong so cua cac m6 hinh déng nhiét hap phu cua Cu®
(Bang 3) cho thay, mo6 hinh Langmuir phu hop cho ca 3 dang than (R*>0,9), tuy nhién muc
d6 phu hop giam dan theo nhiét do dicu ché. Két qua tinh toan dung luong hap phu téi da
cua than ¢ 300, 450 va 600 °C lan luot 1a 12,2; 21,9 va 21,6 mg/gam Két qua tuong dong
V6i nghién ctru ciia Zhou et al. di cho biét kha ning loai bo Cu®* ting nhanh khi ting nhiét
d6 diéu ché than [5]. Véi mo hinh Freundlich, két qua nghién cttu cho thiy khi ting nhiét do
diéu ché than sinh hoc (Bang 3) thi mirc do phu hop ting dan, nguoc lai véi mo hinh
Langmuir. Két qua tuong dong voi nghién ctu caa Xu et al. cho rang dudng diang nhiét hip phu
caa Cu** ¢ nhiét do thap phi hop voi mé hinh Langmuir hon so v6i mé hinh Freundlich [13].
Khi ting nhiét d6 didu ché than qua trinh hap phu don 16p ting budc dugc thay thé bang hap
phu da 16p va hap phu hoa hoc, diéu nay duoc 1y giai do sy hap phu ion kim loai tir dung
dich nuéc thuong bi chi phdi boi hoa hoc bé mit va bai cac phan tng két tua [13].

3.5 -
®Than 300 ®Than450 1 Than 600

Dung luong hdp phu q (mg/g)
_ - ) ) w
5 th & it &

o
vl
1

o
o

0 60 120 180 240 360
Nong d6 ban dau Co (mg/L)

Hinh 7. Dung luong hap phu Cu (mg/g) cua than theo C, (mg/L)
®: thé hién su sai khac c6 y nghia théng ké.

Két qua tinh toan dung luwgng hap phu Cu® tbi da 1én cac dang than sinh hoc c6 qo dao
dong 12-21,6 mg/g, thap hon rat nhidu so voi két qua nghién ciru cua Kotodynska et al. ¢6 qq
dao dong 76,1-88,2 mg/g, didu nay c6 thé do kich c¢& hat than diéu ché con rat thd (trong
nghién ctru qua sang 1 mm so voi 0,4 mm trong nghién cttu cua Kotodynska), cac nghién
ctru da phat hién ra rang luong ion Cu (Il) dugc hap phu ting theo kich thugc hat giam cua
chat hdp phu [22]. Két qua nghién cttu (Hinh 7) ciing cho thiy kha ning hip phu cua than
sinh hoc duoc diéu ché ¢ 300 °C da hap phu gan cuc dai & Co = 60 mgCu®/L, cac gia tri Co
cho thay khong co6 su khac biét 1a phii hop véi két qua thyuc nghiem.
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Két qua tinh toan (Bang 3) cho thay, dung luong hap phu tbi da qq tang dan tir 12,2 mg/gam
¢ 300 °C Ién 21,6 mg/gam & 600 °C, ket qua nghién clru cling tuong dong véi nghién ciu
ciia Kotodynska et al. cling nhan thay rang kha ning hap phu ciia cac mau than sinh hoc thu
duoc & nhiét do 600 °C cao so véi nhiét do 400 °C [22]. Khi than diéu ché & 450 °C c6 qq
cao hon mét it so voi than duge diéu ché & 600 °C, didu nay c6 thé do ham luong hitu co
trong than 450 °C cao hon (61,2%) c6 thé gdp phan ting kha niang hip phu Cu®, phu hop
véi dién giai cua Xu et al. cho rang c6 sy tao phirc bé mat dién tir thong qua cac nhom OH
hodc n dugc dinh vi, mac du khong 16n [13].

Bdng 3. Biéu dién dung lwong hap phu Cu®* 1én than sinh hoc dugc diéu ché & cac nhiét do

M5 hinh Vit liéu Céc thong sb R?
Than 300 °C go (Mg/g) = 12,2 K =3,0 L/mg 0,97
MO hinh Langmuir | 1155 450 oC % (Mg/g) =219 | K.=0,3 L/mg 0,95
Than 600 °C Jo (Mmg/g) = 21,6 K.=2,3 L/mg 0,91
Than 300 °C ne =478 Ke=11,0 0,93
M5 hinh Freundlich | Than 450 °C ne =5,6 Ke=9,2 0,95
Than 600 °C ne= 8,4 Ke=127 0,99

3.3. Khao sat dong hoc hap phu Cu®* ciia than sinh hoc theo cac nhiét d diéu ché

Két qua nghién ciru cho thiy qua trinh h?ip phu ting nhanh trong gi du tién cho ca 3
dang than 300, 450, QOO °C (Hinh 7), cu thé lan luot 1a 10,9; 12,4; 13,3 mg/gam. Sau d6 qua
trinh hap phu cham dan va sau 5 gio xem nhu durng lai.
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Hinh 8. Biéu dién dung lwong hap phu g (mg/gam) theo t (gio)

Két qua tinh toan cac thong s6 dong hoc trong nghién ctu (Bang 4) cho thiy, véi md
hinh dong hoc gia bac 1 c6 mi twong quan R? dao dong trong khoang 82-95, tuy nhién, gia
tri ge tinh toan hoan toan khong phu hop véi gia tri thuc nghiém, cu thé, ge tinh toan cho 3 dang
than dao dong 1,7-4,8 mg/gam, trong khi, gia tri thuc nghiém dao dong 12,8-18,2 mg/gam. Do
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d6, m6 hinh dong hoc gid bac 1 1a khong phu hop dé giai thich dong hoc qua trinh hép phu
Cu2 1én than sinh hoc trong nghién curu. Két qua nghién ciru twong déng v6i nghién ctru cia
Kotodynska et al. cho rang mé hinh gia bac 1 khong phu hop do cac gia tri tinh toan va gia
trj thuc nghiém 1a rat khac nhau [22].

Theo két qua tinh toan tir mo hinh dong hoc gia bac 2 ciia nghién ciu (Bang 4) cho
thdy, c6 mdi trong quan chat ché (R? = 0,93-0,96) va két qua tinh toan g ciing phu hop voi
két qua thuc nghiém. Do do, str dung mé hinh d6ng hoc gia bac 2 dé giai thich dong hoc qua
trinh hdp phu Cu®* 1én than sinh hoc ¢6 ngudn gdc tir phan bo 1a phu hop. Diéu nay ciing c6
nghia 12 viéc kiém soat qua trinh dong hoc c6 dong gop cua qué trinh hap phu hoa hoc [22].

Bdng 4. Thong s6 dong hoc hap phu Cu®* 1én than sinh hoc

Mo hinh Nhiét d6 nung Céc thong sb R
Than 300 °C k;=0,32 (1/gi0o) ge=1,7 mg/gam 0,95
Gia bac 1 Than 450 °C k;=0,17 (1/gi0o) ge= 4,8 mg/gam 0,82
Than 600 °C k;=0,17 (1/gi0o) ge=4,7 mg/gam 0,82
Than 300 °C k,=0,42 (g/(mg.gio) ge= 12,8 mg/gam 0,96
Gia bac 2 Than 450 °C k,=0,12 (g/(mg.gio) g = 18,2 mg/gam 0,95
Than 600 °C k, = 0,15 (g/(mg.gio) ge = 18,1 mg/gam 0,93

4. KET LUAN

Tir cac két qua nghién ciru trén, cho phép rat ra mot s6 két luan nhu sau:

Céc tinh chat hoa 1y nhu cua than sinh hoc (hiéu suat thu hoi, TOC, pH, pHpzc, sb
nhom H*, OH) ¢6 ngudn géc tir phan bo (Huyén Ca Chi, TP. H5 Chi Minh) nung & cac nhiét
d6 diéu ché khac nhau da duoc xac dinh. Két qua cho thay nhiét do diéu ché than trong quan
chat ché va ty 1é thuan voi cac thong s6 mmolOH', pHpzc, pH va tuong quan yéu véi TOC.
Céc thong sé hap phu Cu®* 18n than sinh hoc & cac murc nhiét do diéu ché nhu 300, 450 va
600 °C cho két qua dung luong hap phu téi da lan luot 12,2; 21,9 va 21,6 mg/gam. Ca hai
md hinh can bang ding nhiét Langmuir va Freundlich phu hop véi qua trinh hap phu Cu*.
M hinh dong hoc gia bac 2 phu hop dé giai thich qua trinh dong hoc hdp phu Cu* 1én than
sinh hoc ¢c6 ngudn goc tir phan bo. Nghién cttu cho thiy kha ning sir dung than sinh hoc c6
nguon gbc tir phu pham chin nudi, cu thé 1a phan bo, nhu vat liéu hap phu dé xu ly Cu**
trong nudc thai 1a ¢6 kha thi.
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ABSTRACT

EQUILIBRIUM AND KINETIC OF COPPER ADSORPTION
ON LIVESTOCK WASTE DERIVED BIOCHAR

Nguyen Van Phuong*, Nguyen Thi Cam Nhung, Lam Thi My Ngoc
Industrial University of Ho Chi Minh City
*Email: nvphccb@gmail.com

Biochar derived from livestock waste is currently attracting much attention on their
adsorption potential for environmental treatment. This study is to investigate the adsorption
mechanism of Cu?* from the solution by biochar derived from cow dung at different
pyrolysis temperatures. Biochar was prepared at temperatures of 300, 450 and 600 °C, their
physicochemical properties such as organic content of TOC, pH, pHpzc, number of
functional groups H* and OH’ has been determined. Biochar was equilibrium with Cu®"
solution at different concentrations, ranging from 0 to 360 mg/L for about 12 hours. The
Cu?* adsorption isotherms of biochar were prepared at 300 and 450 °C in accordance with
the Langmuir model, while the Freundlich model is more suitable for biochar prepared at
600 °C. The maximum adsorption capacity of Cu®* for biochar is prepared at 300, 450 and
600 °C respectively 12.2; 21.8 and 21.6 mg/g. Kinetic survey showed that the adsorption
process reached equilibrium after 5 hours and pseudo-second-order kinetic model was
suitable to explain the kinetics of Cu®* adsorption on biochar. The results indicate that cow
manure is waste that can be converted into biochar as an adsorbent to remove the toxicity of
Cu®* from the water environment.

Keywords: Biochar, cow dung, Cu®* adsorption, equilibrium and kinetics.

88


mailto:nvphccb@gmail.com

