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TOM TAT

Than trdu, mét loai than sinh hoc giau carbon, ¢ thé dugc bién tinh véi cac thanh phéan hoat hoa
khac dé nang cao hiéu qud x ly cac hgp chat hitu ca 6 nhiém trong méi trudng. Trong nghién
cliu nay, trdu dugc nung trong 10 kin & nhiét dé 600 °C dé tao ra than trau (BC600). Than trdu tiép
tuc dugc tir tinh héa dé thu dugc san pham trung gian la than trau tir tinh (BC600-mag). Sau cling,
nano sat hoa tri zero (nZV1) dugc téng hop trén nén BC600-mag bang phuong phap khir véi chat
khtr manh NaBH,4 dé thu dugc san phdm cudi cing la than tréu tir tinh két hap nZVI ( BC600-mag-
nZVl). Cac thi nghiém dang mé duac thiét ké dé danh gia hiéu qua khir mau ctia BC600-mag-nZVi
doi véi nudce thai dét nhudm (cé d6 mau ban dau ~400 Pt-Co) ctia mot s6 loai thudc nhudm hoat
tinh phé bién 1a vang RY145, 36 RR195, va xanh RB19. Két qua cho thay d&i véi mau vang RY145
va do RR195 thi hiéu qué khir mau t6i uu (n,,;) dat 95 va 93 % & liéu lugng 0,50 va 1,50 kg BC600-
mag-nZVI/m?3 nudc thai dét nhuém, tuong ting véi do mau sau xUr ly giam con 21 va 30 Pt-Co, dép
Ung dugc tiéu chudn xa thai theo cot A (< 50 Pt-Co) ctia QCVN 40:2011/BTNMT, trong khi vai mau
xanh RB19 thi n,,, dat dén 63 % & liéu lugng 8,00 kg BC600-mag-nZVI /m? nudc thai dét nhudm,
tuong Ung véi dd mau sau x{ ly giam con 147 Pt-Co, dap Uing dugc tiéu chudn xa thai theo cot B (<
150 Pt-Co) ctia QCVN 40:2011/BTNMT. Hon nifa, khi gia tang liéu lugng BC600-mag-nZVI thi hiéu
quad khir mau cling tdng tuong Uing, dat gan 100 % déi vai mau RY145 va RR195, va han 70 % doi
v6i mau RB19. Biéu nay cho thdy than tréu bién tinh véi nZVI da khir dugc déng ké dd mau trong
nudc thai dét nhudm. Mat khac, v iéc két hap nZVI [én nén than trau cé thé da tao ra su phan b6
cac hat nZVI trén bé mat hat than, do vay da han ché dugc kha ndng két khéi ctia nZVI va dong
thai lam tang khd nang phan tng clia vét liéu than trdu bién tinh vaéi nZVI. Nghién ctu nay da ma
ra huéng Ung dung ctia than trdu bién tinh véi nZVI dé xtt ly dé mau trong nudc théi dét nhudm.

Tu khoa: than trau, tir tinh, sét héa tri zero, thudc nhudm hoat tinh, nudc thai dét nhudém

GIGI THIEU

Than sinh hoc, hay con goi 1a biochar (BC), la sin
phém ctia qud trinh nhiét phan cic nguén sinh khéi
hiiu co trong diéu kién thiéu oxy & nhiét d 250-1000
°Cl. La mot loai vat liéu hitu co gidu carbon, ciu
truc hinh thé ctia BC c6 céc dic tinh vat 1y nhu dién
tich bé mit cao, d6 x8p cao hon so véi vét liéu sinh
khdi ban d4u do qué trinh khit nu6c & nhiét d 100~
250 °C va su maét cellulose, lignin, va hemicellulose &
nhiét d6 cao hon 250-700 °C2. Chinh c4u tric x6p
nay cta BC d4 tao ra cdc viing hip phu vat ly dé git
nhiing chit 6 nhiém>*. BC ciing c6 thé dugc bién
tinh bang cach két hop vé6i cac nhém chiic khac nhau
nhu oxit st tii (Fe304), maghemite (Fe; O3, y-Fep O3)
hay hat nano-sat héa tri zero (nZVI) d€ cai thién cac
dit tinh nguyén thay cta né nhu tinh ti tinh va kha
ning phan ting>>~7. Ung dung ctia vét liéu than ti
tinh d€ lam chat hip phu trong xti ly nude théi dang
14 m6i quan tdm 16n vi kha ning dé dang tach vat liéu
than nhiém ti nay ra khoi dong nudc da xt ly bang

nam cham®’. Di cé nhiéu nghién ctiu vé ting dung
ctia nZVI dé€ khti céc chit 6 nhiém khac nhau nhu
chlorinated, halogenated aliphatic, nitrates, nitro aro-
matic carbons, kim loai ning, cdc hgp chit vo co...
dugc cong b6 %11, Tuy nhién, viéc két hgp nZVI 1én
nén vét liéu than ti tinh, ma né dugc mong doi sé cai
thién cac tinh chét clia cac vat liéu riéng 1é, con rat
md&i mé va do vy van cin ¢ thém nhiéu nghién ciiu
hon ntia.

Mit khéc, trdu la mot trong nhiing ngudn sinh khoéi
doi dao & Viét Nam c6 thé dugce tin dung d€ san xuit
BC. Tréu c6 chita khoang 75-90 % vat chit hitu co nhu
la lignin, cellulose va hemicelluloses, va phan con lai
la nudc, silica, chit khodng, va cac nguyén t6 vét!12,
Niam 2017, Viét Nam da san xuat 43 triéu tdn lta va tro
thanh nudc san xuit lta 16n thi nim trén thé gisi 1.
Theo s6 liéu da dugc cong bé thi ty 1é khéi lugng gitia
tréu va lda 12 20% 4. Vi ty 1 nay thi lugng triu sinh
ra hang ndm & Viét Nam dugc udc tinh 1a 9 triéu tin
(trong 43 triéu tin lua). Do vay trdu dugc stt dung dé
ché tao BC trong nghién ctu nay.

Trich dan bai bao nay: Bio Son T, Kiéu Chinh P T, H D T. Hiéu qua khit mau cda than trau tur tinh két
hop nano sat héa tri zero déi véi thuéc nhuém hoat tinh trong nuéc thai dét nhuém. Sci. Tech. Dev.

J. - Sci. Earth Environ.; 3(2):105-114.
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Cong nghiép dét nhuom da va dang phat trién nhanh
chéng ¢ Viét Nam. Bén canh nhiing déng gép to 16n
cho nén kinh t€, nganh nay cling gay ra cac tac dong
dang k& dén moéi trudng, dac biét la moi trudng nudc
béi vi lugng nudc thai 16n va 6 nhiém ning ctia né '°.
i c6 nhiéu gidi phap dugc cdng b6 nhim han ché
6 nhiém mau trong nudc thai nhuém nhu tGng dung
BC tii tre '° va céc loai chét thai nong nghiép khac!”
d&hép phu cac loai thudc nhuom; hay ting dung nhya
két hgp v6inZ VI dékhii mau acid blue 113 '8 v.v. Viéc
khti céc loai thuéc nhudém béng cich gdn nZVI trén
nén céic loai vat liéu nhu 1a nhuya, niken, kém, ben-
tonite, biopolymer, kaolin, hay graphene... cing da
¢6 nhiéu nhiéu nghién ctu dugc cong bé. Tuy nhién,
van chua c6 nhiéu nghién cttu vé Ging dung ctia than
trdu tu tinh két hgp v6i nZVI dé khit mau trong nudc
thai dét nhudém dugc cong bé.

Nghién cttu ndy nham muc dich ché tao ra BC béing
qud trinh nhiét phan thiéu khi vat liéu trdu 6 600 °C
trong diéu kién phong thi nghiém. BC sau d6 dugc
bién tinh v&i oxit sat tit d€ tao ra san phdm trung gian
1a BC tii tinh. Vét liéu nZVI dugc tdng hop trén nén
BC tii tinh d€ tao ra sin phdm sau cung la BC tu tinh
két hop nZVI. Hiéu qua khtt mau ctia vat liéu BC tu
tinh két hgp nZVI nay dugc danh gid bang cach cho
tiép xtc véi cac dung dich thuéc nhu¢m khac nhau
thong qua cac thi nghiém dang mé.

VAT LIEU VA PHUONG PHAP

Héa chat va vat liéu

Hoéa chdt

Cac loai thu6c nhudém hoat tinh mau dé C.I. Reac-
tive Red 195 (RR195, CAS 93050-79-4, d6 tinh khiét
> 95,0 %), vang C.I. Reactive Yellow 145 (RY145,
CAS 93050-80-7, do tinh khiét > 95,0 %), va xanh
C.I. Reactive Bule 19 (RB19, CAS 2580-78-1, d0 tinh
khiét > 95,0 %) c6 ngudn goc tii nha cung cdp Al-
ibaba.com (Trung Qudc) va dugc nhap khiu va phan
phdi bsi Cong ty TNHH Tan Duy Phéat (TpHCM,
Viét Nam). Cong thtic ciu tao va cong thtic phan
tt ctia cac loai mau nay dugc trinh bay trong Bang
1. Sodium borohydride (NaBH4, CAS 16940-66-2,
do tinh khiét phén tich > 98.00 %), iron (II) sunfate
heptahydrate (FeSO4.7H, O, CAS 7782-63-0, d¢ tinh
khiét phan tich > 99,55 %), iron (III) chloride hexahy-
drate (FeCl3.6H,O, CAS 10025-77-1, d6 tinh khiét
phan tich 99.9 %), acetone (C3HgO, CAS 76-74-1, do
tinh khiét phan tich > 99,5 %), va ethanol (C;H5OH,
CAS 64-17-5, A0 tinh khiét phén tich > 99,9 %) dugc
mua tif Scharlau chemical. Gidy loc thé Advantec
filter sheet-type 1 (cellulose, 6 um) va syringe filter
(polyethersulfone (PES) membrance, 0,45 pm) dugc
mua tii Toyo Roshi Kaisha, Ltd., Japan.
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Dung dich mau chudn

Céc dung dich chufn mau d6 RR195, vang RY145, va
xanh RB19 dugc pha ché d€ danh gid hiéu qua khu
mau ctia BC600-mag-nZVI. Cac khéi lugng RR195
(0.02784 g), RY145 (0.01138 g), va RB19 (0.10410 g)
dugc hoa tan riéng biét véi nude khii ion trong binh
dinh miic (1000 mL). Hon hgp dugce siéu 4m trong
vong 1 h 6 30 °C (Elmasonic S 100 H, 37 kHz) va lic
manh liét trong 2 h, 150 vong/phit (Yamato SA300).
Céc dung dich mau chudn sau cung RR195, RY145,
va RB19 dugc kiém tra ndng d6 mau (Pt-Co) va dat
nodéng d6 mau lan lugt 1a 409, 405, va 411 Pt-Co béng
mady so mau quang phd UV-VIS (Shimadzu UV1800)
& cac budce séng khac nhau sao cho c6 do hap thu cao
nh4t1a419 nm %, 517 nm 2%, va 592 nm?!, tuong ting.
Trau: dugc lay ti Cong ty TNHH Ecofarm, Long An.
Tréu dugc phoi khé & nhiét 46 phong trong vong 2
ngay trudc khi stt dung.

Than trdu tu tinh két hgp nZVI (BC600-mag-nZVI):
Viéc ché tao ra BC600-mag-nZVI trai qua 3 giai doan:
(i) Ché tao than trdu & nhiét do nhiét phan 600 °C
(BC600): Co sg d€ lya chon nhiét do nhiét phan 600
°C la vi qud trinh nhiét phan xay ra trong khodng
nhiét d6 tit 250 dén 1000 °C'. Tuy nhién néu chon
nhiét d6 nhiét phan qud thap (250 °C) thi qud trinh
than hoéa c6 thé khong xay ra hoan toan, nhung néu
chon nhiét d6 nhiét phan qua cao (1000 °C) thi chi phi
gia nhiét cho vatliéu sé ting cao va do vy sé lam giam
y nghia cia BC nhu la nguén vat liéu c6 gia thanh
thap. Mit khac Claoton va cong sy ' cling d4 cong bé
két qua nghién ctiu ché tao BC tii trdu ¢ nhiét do nhiét
phan 650 °C. Do vay viéc Iua chon nhiét d¢ nhiét phan
& 600 °C ctia nghién ctiu nay dugc ky vong la sé c6 thé
so sanh véi két qua nghién ctiu ctia Claoton va cong
su. Trdu (40 g) dugc dua vao 6ng thép hinh tru (¢ =
2,5 cm, L = 10 cm) va nén chit bang co cdu tryc vit
nhdm ddy t6i da khong khi chia trong 6ng ra va han
ché qud trinh chdy sinh khéi. Ong thép dugc dit trong
10 nung va gia nhiét dén 600 °C va giti & nhiét d¢ nay
trong vong 1 h (t6¢c d¢ gia nhiét khoang 40 °C/phut
& khoang 10 phut ddu va giam din dén khoang 30
?C/phut ¢ nhiing phut tiép theo). Lam ngui tu nhién
trong vong 4 h. San phim than tru dugc ky hiéu 1a
BC600;

(i) Tu tinh hoéa than trau (BC600-mag): BC600 dugc
tit tinh héa bing phuang phap két tia ugt>22~24, Pau
tién FeSO4.7H,0 (3,66 g) va FeCl3.6H,O (6,66 g)
dugc hoa tan trong nudc khii ion (200 mL). BC600 (5
g) dugc tron véi dung dich Fe(II)/Fe(I1I), khudy bing
ca tli va gia nhiét dén 65 °C. Sau d6 lam ngudi dén
40 °C va nang pH 1én 10 - 11 bing NaOH 5M d¢é két
tta cac thanh phan tu tinh. Hof hgp sau phan ting
dugc tiép tuc khudy trong 1 h va ling qua dém. Phan
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Bang 1: Céng thuc phan ti ctia cac loai thuéc nhuém hoat tinh. KLPT - khéi lugng phéan ti

Hoéa chat CAS Cong thiic phén ti KLPT
(g/mol)
Mau do hoat tinh C.I. Reactive  93050-79-4 C31H9CIN7Na5019Sg 1136.3

Red 195 (RR195)

Mau vang hoat tinh C.I. Reactive ~ 93050-80-7 Cy8Hp0CINgNagO16Ss 1026.25
Yellow 145 (RY145)

Mau xanh hoat tinh C.I. Reactive ~ 2580-78-1 CoH¢N3NayOq1S3 626.55
Blue 19 (RB19)
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Hinh 1: Céng thiic cau tao ctia cac loai thuécnhuém hoat tinh.
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chét ran dugc rita v6i nudc khit ion va ethanol (3 14n)
va sy & 80 °C qua dém. San phdm than trdu tu tinh
dugc ky hiéu 1a BC600-mag;

(iii) Téng hgp nZVI trén nén BC600-mag: nZVI
dugc téng hgp trén nén BC600-mag bing phuong
phap khii truyén théng 72> véi chit khit manh NaBH,
dugc st dung dé€ khit sit sulphate (Fe?t) thanh sét
hoéa tri zero (Fe®) theo phuong trinh Pt 1. P4u tién
FeSO4.7H,0 (20 g) dugc hoa tan trong nudc khi ion
(100 mL). Sau d6 BC600-mag (5 g) dugc thém vao
dd FeSO4.7H, 0. Hon hgp nay dugce siéu 4m trong 2
h va khudy trong vong 48 h & t6c do cta mdy lic or-
bital 13 150 vong/phit (Yamato SA300). Déng thoi,
dd NaBHy (2 g/100 mL nudc khtt ion) dua vao bur-
rette. Hof hop than trong dd FeSO4 dugc phan ting
v6i dd NaBHy (30 giot/phut), khudy tron trong 1 h &
28 °C. Chit ran két tha dugc loc, ria bing nudce khu
ion va aceton (3 ldn) va sdy qua dém & 105 °C. San
phém than trdu tit tinh két hgp nZVI dugc ky hiéu la
BC600-mag-nZVI.

Fe*™ + 2BHy- + 6H,0 —

Fe® | +2B(OH)3 + 7TH, 1 (Pr.1)

Tinh chét hoa ly cua vat liéu dugc xac dinh theo cac
phuong phap sau:
Sén lugng ctia than trdu (BC600) dugc tinh nhu sau :

San luong than trau (%) =
Khoil th
oi luong than (g) (Pt2)

Khoi luong trau (g)

Ham lugng tro ctia than trdu dugc xdc dinh béng
phuong phap d6t2°. Phuong phap nay dugc mo ta
ngdn goén nhu sau: khoang 5,0 g than dugc cho vao
c6cnung va nung 6 500 °C trong 8 h. Cdc nung sao d6
dugc lam ngudi dén nhiét d6 phong va can lai. Him
luong tro dugc tinh nhu sau:

Ham luong tro (%) =
Khoi luong tro (g)
Khoi luong than kho (g)

Pt.
x 100 (Pt3)

Gia tri pH cta than trdu dugc xdc dinh dua theo
Savova va cong su?’. Khoing 4,0 g than dugc tron véi
100 mL nudc trong tam gidc. Binh nay sau d6 dugc
nung s6i trong 5 phut va d€ nguéi dén nhiét d6 phong.
Phan chatlong dugc tich ra va pH ctia dung dich dugc
do bang pH ké (ProDSS, Xylem, USA).

Gid tri pH 6 diém dién tich zero (pHzpc) clia than
trdu dugc xac dinh dya theo cac phuong phéap da dugc
cong b628. Mot bd 05 binh tam gidc (100 mL) dugc
thém 40 mL dd NaNO3 (0.1 M) va pH trong cac binh
dugc diéu chinh d€ dat dugc gia tri 2, 4, 6, 8, va 10
(diéu chinh bing dd HNO3; va NaOH vdéi ndng do
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thay d6i tii 0,1 - 1,0 M). Mdi binh tam gidc dugc thém
vao 0,1 g than va khudy véi toc d6 250 vong/phit qua
dém & nhiét d6 phong. Vao ngay sau, gid tri pH sau
cung (pHy) ctia dung dich dugc do lai va su chénh
léch gitia gia tri pH ban ddu va pH sau cung (ApH)
dugc biéu dién trén do thi tuong ung véi cdc gia tri
pH ban dau (pH;). Gid tri ma & d6 dién tich bé mit
béng zero duoc xem la gid tri pH & diém dién tich zero
pHzpc ctia vét liéu.

Céu trac hinh thé ctia BC dugc xem xét bang kinh
hién vi dién ti truyén qua JEM-1400 Transmission
Electron Microscope (JOEL USA Inc., MA, USA).
Dién tich bé mit ctia ctia vat liéu duoc xac dinh theo
ky thuit Brunauer-Emmett-Teller bing mdy phan
tich dién tich bé mét Autosorb-1 (Quantachrome In-
struments, Florida, USA).

Phuong phap thi nghiém

Hiéu qua khtt mau (n, %) ctia BC600-mag-nZVI déi
v6i thudc nhudém hoat tinh dugc tinh todn theo cong
thic sau:

Co—C

o (Pt. 4)

n (%) =

Vi

Cp — d6 mau ban dau trong dung dich, (Pt-Co);

Cj - d0 mau sau 1 gio tiép xdc véi vat liéu, (Pt-Co).
Thi nghiém dang mé ddanh gid hiéu qud khit mau ctia
BC600-mag-nZVI: Dau tién, dung dich chuén RR195,
RY145 va RB19 (25 mL) dugc dua vao cac 6ng ly tim
(PE, 50 mL). Cac liéu lugng BC600-mag-nZVI khac
nhau dugc can va dua va cac 6ng nay theo ty 1¢ (kg vat
liéu / m3 dd chuén) nhu sau: 0,00 (mat kiém chiing);
0,50; 1,00; 1,50 va 2,00 kg/m® cho céc 6ng mau do;
0,00; 0,25; 0,50; 0,75 va 1,00 kg/m3 cho cic 6ng mau
vang; va 0,00; 4,00; 8,00; 12,00 va 16,00 kg/m3 cho céc
6ng mau xanh. Tat ca cac ty 1é déu dugc lap lai 3 14n
(n = 3). Céc 6ng ly tam sau d6 dugc dong chit nép,
dat ndm ngang trong hop nhya va lic méanh liét trong
vong 1 h, 150 vong/phut (Yamato SA300). Hon hop
dugc tiép tuc ly tm trong 30 phut, 4000 vong/phut
(Rotofix 32A). Phin dung dich trong dugc loc bang
syrinse filter (PES, 0,45 um) va do mau (Pt-Co) bing
mdy so mau quang phé UV-VIS (Shimadzu UV1800).

KET QUA VA THAO LUAN

Tinh chat héa ly co ban ctia vat liéu

Mot s6 tinh chédt hoa ly co ban cia BC600 va BC600-
mag-nZVI, bao gém san lugng than, pH, pHzpc, ham
lugng tro, va dién tich bé mat riéng (SSA) theo B.E.T,,
dugc trinh bay trong Bang 3. Két qua cho thdy SSA

ctia than trau ban dau (BC600) cao hon so vGi SSA cuia
than trdu da bién tinh (BC600-mag-nZVTI), dat gia tri
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14 172,15 so v6i 142,72 m?/g, tuong tng. Diéu nay
c6 thé do sy ling két cta hat nano sit 1én bé mat hay
khuéch tan vao bén trong ciu tric 16 x6p ctia hat than
va két qua 1a 1am che lap cac khe hd/16 x0p caa hat
than. Béang chiing cho thiy sy ling két cta céc hat
nano sit hda tri zero 1én ciu truc hat than dugc trinh
bay trong Hinh 2. Cac két qua SSA clia nghién ciiu
nay tuong doi thap hon so véi gia tri SSA cua than
triu da dugc cong bé bai Claoston va cong su'? la
261,72 mz/g. Diéu nay c6 thé do nhiét do nhiét phan
ctia Claoton va cong su cao hon (650 °C). Gia tri pH
ctia BC600 do dugc & mic 10,09 cho thdy vét liéu nay
¢ tinh kiém. Gid tri nay cling c6 thé so sanh dugc véi
gid tri pH cta than trdu & 650 °C dugc cong b boi
Claoston va cong su '2 12 8,88. Theo gidi thich clia cac
tac gid nay!? thi pH clia than sé gia ting theo sy gia
tang nhiét d6 nhiét phan. Diéu nay la do chit khoang
bét dau tach ra khoi mang ludi huil co cta sinh khéi
khi tro dugc hinh thanh & nhiét d6 cao hon 350 °C2%°
. Gié tri pH & diém dién tich zero (hay con goi la
diém ding dién), pHpzc clia BC600 dugc xac dinh la
7,8. Gid tri nay tuong duong véi gid tri 7,75 clia than
hoat tinh dugc cong b6 bai Claoston va cong sy '? .
Thong s6 pHzpc phén dnh gid tri pH ma ¢ d6 dién
tich & bé mit cta chit rdn dugc xem la trung hoa vé
dién tich (hay khong tich dién). Gid tri nay git vai tro
quan trong trong qua trinh hép phu cdc thanh phin
ion trong dung dich 1én bé mit chit rin nay?®. Sin
lugng ctia BC600 dugc xac dinh 1a 36,1 %. Gid tri nay
pht hgp véi san lugng tao than trdu & 650 °C da dugc
cong b bdi Claoston va cong su'? 1a 29,02 %. San
lugng tao than sé gidm khi nhiét d6 nhiét phan gia
tang. Ham lugng tro ciia BC600 dugc xac dinh 1a 35,1
%. Gid tri nay cting ndm trong khoang gid tri ham
lugng tro tit 30,3 dén 38,1 % cua than trdu da dugc
céng b6 12, Nhin chung, khi nhiét d6 nhiét phan gia
tang sé lam bay hoi cac thanh phén lignocellulose ctia
sinh khéi (trdu) va diéu nay c6 thé lam ham lugng tro
gia ting %%,

Hinh déng ctia BC600, nZVI va BC600-mag-nZVI
dugc xem xét qua kinh hién vi dién tt truyén qua
(TEM) v6i d6 phong dai x 100.000 14n (Hinh 2). Hinh
la cho thdy hinh dédng bén ngoai cta hat than tréu.
Hinh 1b cho théy hinh ddng ctia hat nZVI véi c¢6 dang
hinh phién véi canh dai khoang 20 - 50 nm va bé rong
khoang 5 - 10 nm. Hinh ddng nay khac véi dang hinh
cdu ctia hat nZVI da dugc cong bs bdi Zhang va cong
sy2° . Va Hinh 2c¢ cho thdy c4u trtc cta hat than c6
su ldng két ctia hat nZVI11én bé mit hat than.

Hiéu qua khi mau ciia BC600-mag-nZVI déi
vGi mau vang RY145, d6 RR195, va xanh
RB19

Két qua cho thdy than trdu tu tinh két hgp nZVI
(BC600-m-nZVI) c6 kha nang khtt dang ké d mau
trong dung dich nhuém, dat hiéu qua dén gin 100%
(tuong tng v6i dd6 mau giam con 0 Pt-Co) doi véi
cac loai thuéc nhuom hoat tinh vang RY145 va do
RR195, va hon 71% (tuong ting véi do mau giam con
116 Pt-Co) d6i v6i thudc nhudém hoat tinh xanh RB19
(Hinh 3).

Xem xét kha nang khti mau vang RY 145, hiéu qua kht
mau c6 thé duge phan chia thanh 2 giai doan: liéu
lugng théap (< 0,50 kg/m3) va liéu lugng cao (> 0,50
kg/m>) (Hinh 4a). Trong giai doan liéu lugng thip,
hiéu qua khii mau da tang nhanh chéng tii 0 dén 94,59
+ 0,08 % v6i hé s6 goc ctia duong hoi qui tuyén tinh la
189,19 (R? = 0,93), tuong ting véi néng d6 mau trong
dung dich cing gidm di dang ké, tui 383,3 con 20,7 +
0,3 Pt-Co. Ngugc lai, trong giai doan liéu lugng cao,
hiéu qua nay da tang chim lai ddng ké hay néi cach
khéc la da dat dén mic 6n dinh, tit 94,59 4 0,08 dén
99,73 £ 0,15 % véi hé s6 goc ctia dudng hdi qui tuyén
tinh tuong tng 14 10,27 (R? = 0,90), tuong ting véi
ndéng do mau trong dung dich ciing giam ti 20,7 £+ 0,3
con 1,04 £ 0,58 Pt-Co. Két qué nay cho thdy BC600-
mag-nZVI c6 thé khit hoan toan mau vang hoat tinh
RY145 ra khoi dung dich nudc thai nhuom véi liéu
lugng 16n hon 0,50 kg/m?.

Hiéu qua khtt mau t6i uu ctia BC600-m-nZVI d6i véi
mau vang RY145 dugc xdc dinh tai diém cudbi ctia giai
doan liéu lugng thap véi gid tri 1én dén 94,59 + 0,08
% & liéu lugng 0,50 kg/m3 (Bang 4), tuong ting véi
nong d6 mau trong dung dich la 20,72 £ 0,31 Pt-Co.
Két qua nay hoan toan dép tng dugc yéu ciu xa thai
theo cot A (< 50 Pt-Co) QCVN 40:2011/BTNMT.
Xem xét kha nidng khli mau dé RR195, hiéu qua khi
mau cing dugc phan chia thanh 2 giai doan: liéu
lugng thdp (< 1,50 kg/m?) va liéu lugng cao (> 1,50
kg/m>) (Hinh 4b). Trong giai doan liéu lugng thap,
hiéu quéa khtt mau da tang 1én mot cich nhanh chéng,
tt 0 dén 92,58 + 1,08 % v6i hé s6 gbc ctia duong hoi
qui tuyén tinh 13 61,80 (R? = 0,97), tuong ting véi
ndéng d6 mau trong dung dich ciing gidm di dédng ké,
ti 398,0 con 29,5 £ 4,3 Pt-Co. Ngugc lai, trong giai
doan liéu lugng cao, hiéu qua nay da ting cham lai
déang ké hay ndi cich khéc 1a da dat dén mdc 6n dinh,
ti 92,58 + 1,08 dén 98,75 £ 0,70 % véi hé s6 goc clia
dudng héi qui tuyén tinh tuong tng 14 12,33 (R? =
1,00), tuong tng v6i ndéng d6 mau trong dung dich
ciing giam ti 29,5 & 4,3 con 5,0 + 2,8 Pt-Co. Két qua
nay ciing cho thdy BC600-mag-nZVI c6 thé khti hoan
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Bang 3: Dac tinh ly héa chia than trdu (BC600) va than trau tir tinh két hgp nano sat héa tri zero
(BC600-mag-nZVI)

Thong s San lugng (% k.l.) pH pH ZPC Luongt ro (% kl) B.ET.SSA (m?/ 2)
Vit liéu

BC600 36,1 10,09 7,8 35,1 172,15
BC600-mag- nZVI  kx.d. kxd  kxd kx.d. 142,72

k.x.d. — khong xdc dinh ; B.E.T. SSA - dién tich bé mat riéng Brunauer -Emmett-Teller.

Hat nano sit

hoa tri zero

- 3
— 0101, 00 — U0

(a) BC600

Thanh p
oxit sat tie
trén bé mit
hat than

nZVI ling két
trén bé mit
hat than

(c) BC600-mag (d) BC600-mag-nZVI

Hinh 2: Cau tric hinh dang cua (a) than trau (BC600), (b) ciu tric hat nano sat héa tri zero (nZV1), (c) than
trau tirtinh (BC-mag), va (d) cau tric than trau tu tinh két hop nano sat héa tri zero (BC600-mag-nZVI), ducc
xem tu kinh hién vi dién ti truyén qua JEM-1400 Transmission Electron Micrographs (JOEL USA Inc., MA,
USA ) véi d6 lphéng dai x 5 0.000 lan.
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Hiéu qua xur Iy (%)

e N
151 &
8 8

Néng d8 mau (Pt-Co)
e
8

|

I
100}‘5

P

(a)

5 10 11 12 13 148 15 16
Ligu lweng (kg vat ligu / m? dd mau) |

(b)

5 10 11 12 13 14 15 16
Ligu lwong (kg vat liéu / m? dd RB19)

Hinh 3: Hiéu qua khir mau cta than trau tirtinh két hgp nZVvl (BC600-mag-nZVI) d8i véi cac loai thuéc nhuém
hoat tinh vang RY145, d6 RR195, va xanh RB19: (a) theo ty 1é néng d6 mau da dugc xir Iy (%) va (b) theonéng

do mau trong dung dich (Pt-Co).

Bang 4: Hiéu qua khit mau téi uu (n,,;,%)cta than trdu tir tinh két hop nano sét héa tri zero (BC600-mag-nZVI)
déi véi cac thuéc nhudém hoat tinh vang RY 145, d6 RR195, va xanh RB19

Hié¢u qua khii mau t6i wu, n,; (%)

Vat liéu RY145

BC600-m-nZVI 94,59 + 0,08 (tai 0,50

kg/m3 )

RR195 RB19
92,58 + 1,08 (tai 1,50 63,29 =+ 0,81 (tai 8,00
kg/m? ) kg/m? )

toan mau do hoat tinh RR195 ra khoi dung dich nuéc
thai nhudém vdi liéu lugng 16n hon 1,50 kg/m3.

Hiéu qué khtt mau t6i uu ctia BC600-m-nZVI doi véi
mau do dugc xac dinh tai diém cudi ctia giai doan liéu
lugng thdp véi gia tri 1én dén 92,58 + 1,08 % & liéu
lugng 1,50 kg/m> (Bang 3), tuong ting v6i néng do
mau trong dung dich gidm con 29,5 + 4,3 Pt-Co. Két
qua nay ciing dap ting dugc yéu cdu xa thai theo cot
A (<50 Pt-Co) ctia qui chudn nudc thai cdng nghiép
QCVN 40:2011/BTNMT.

Xem xét kha niang khtt mau xanh RB19, hiéu qua khu
mau ciing dugc chia thanh 2 giai doan: liéu lugng
thép (< 8,00 kg/m3 ) va liéu lugng cao (> 8,00 kg/m3)
(Hinh 4c). Trong giai doan liéu lugng thap, hiéu qua
khtt mau ciing ting nhanh choéng tit 0 dén 63,29 +
0,81 % v&i hé s6 goc ctia dudng hoi qui tuyén tinh 1a
7,91 (R? = 0,86), tuong ting v6i ndng dd mau trong
dung dich cting giam di dang ké, tii 399,77 con 146,76
=+ 3,23 Pt-Co. Ngugc lai, trong giai doan liéu lugng

cao, hiéu qua nay da ting cham lai dang ké ti 63,29 +
0,81 dén 71,06 £ 0,77 % v6i hé s6 goc ctia dudng hoi
qui tuyén tinh tiong tng 14 0,97 (R? = 0,99), tuong
ung v6i ndéng d6 mau trong dung dich da giam tu
146,8 £ 3,2 con 115,7 £ 3,1 Pt-Co.

Két qua cho théy hiéu qua khi mau xanh RB19 ctia
BC600-mag-nZVI 1a dang ké, dat 71,06 £ 0,77 %,
tuong ting v6i nong d6 mau gidm dén gid tri 115,7
=+ 3,1 Pt-Co véi liéu lugng 16,00 kg/m3. Theo QCVN
40:2011/BTNMT, v6i muic ndng d6 mau sau xti ly nay
(115,7 Pt-Co), tuy van con cao hon yéu cau x4 thai
theo cot A (< 50 Pt-Co), n6 hoan toan dap ting dugc
yéu cdu xa thai theo ¢t B (< 150 Pt-Co).

KET LUAN

Trau 1a nguén sinh khéi déi dao & Viét Nam c6 thé
dugc tan dung d€ san xudt than sinh hoc. Than triu
bién tinh vdi oxit sét tif va nano sit hoa tri zero da cho
théy hiéu qua vugt trdi ctia vat liéu nay trong viéc khu
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1.89%+0.07
R*=0.01

Hiéu qua khir mau vang RY145 (%)

0.00 0.00
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y=0.08x + 0.07
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A
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©  BCB0D-MagnZVI vs RR19S - 1t stage
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Linear (BCG00-mag-nzvi vs RR195 - 1st stage)

Linear (BC600-mag-nZVI vs RR195 - 2nd stage)
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©
¥=001x+056

R?=0.01

©  BC600-mag-nzvivs RB19 -gd 1

©  BC600-mag-nzvivs RB19 -gd 2

Linear (BC600-mag-nzV1 vs RB19 - gd 1)

Linear (BC600-mag-nzVi vs RB19 - gd 2)
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Lidu lwong (kg vat liéu / m? dd RB19)

Hinh 4: Hiéu qua khirmau (%) cta than trau tirtinh két hop nZVI (BC600-mag-nZVI) déi véi cac thuéc nhuém
hoat tinh (a) vang RY145; (b) &6 RR9195; va (c) xanh RB19.

mau cla cac loai thuéc nhudém hoat tinh vang RY145,
do RR195, va xanh RB19 trong nudc thai dét nhudm.
Khi liéu lugng ctia than bién tinh (BC600-mag-nZVI)
tang thi hiéu qua khi mau cing ting tuong ting, dat
dén 100% d6i véi mau vang RY145 va dé6 RR195 va
hon 70% d6i v6i mau xanh RB19. Hon nita sy gan két
hat nZVI 1én nén BC da han ché dugc nhugc diém
két khéi cta vat liéu ZVI va tit d6 1am gia tang hiéu
qua khtt mau ctia vat liéu than bién tinh v6i nZVI nay.
Viéc ting dung ngudn triu doi dao dé tao ra BC-mot
loai vt liéu hitu co, than thién moi trudng, sé gop
phén gidm thiéu sy phat thai khi nha kinh vao méi
trudng.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Dai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 C2017-24-07.
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DANH MUC CAC TU VIET TAT

BC600: Than trau dugc nung & 600 C trong diéu kién
thiéu khong khi

BC600-mag: Than trau BC600 da dugc tu tinh hoa
nZVTI: Nano sit hoa tri zero

BC600-mag-nZVI: Than triu ti tinh két hgp nano sit
héa tri zero

RY145: Thudc nhuém hoat tinh mau vang

RR195: Thudc nhudém hoat tinh mau do

RB19: Thu6c nhuém hoat tinh mau xanh

QCVN 40:2011/BTNMT: Qui chuidn Viét Nam
40:2011/B¢ Tai nguyén Moi truong

TSH: Than sinh hoc

BC: Biochar

TNHH: Trach nhiém htiu han

SSA: Dién tich bé mat riéng

B.E.T.: Brunauer-Emmett-Teller

Dd: Dung dich

DPHQG-HCM: bai hoc Quéc gia Thanh phé Ho6 Chi
Minh
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TUYEN BO XUNG POT LOI iCH

Khong c6 xung dot loi ich.

TUYEN BO PONG GOP CUA CAC TAC
GIA

Tat ca céc tac gia déu c6 dong gop quan trong trong
cdng trinh nghién ctiu nay. N6i dung va phuong phap:
Trinh Bao Son; Tham gia thuc hién thi nghiém: Trinh
Bédo Son, Pham Thi Kiéu Chinh, Ha Doan Tram; Viét
ban thao: Trinh Bdo Son; Chinh stia ban thao theo y
kién phan bién: Trinh Béo Son; va Chti nhiém du én:
Trinh Bao Son.
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A

ABSTRACT

Rice husk biochar, a rich-carbon material, can be modified with other reactive elements to im-
prove its original properties for organic-contaminant removal efficiency. In this study, rice husk
was heated to 600 °C without air in a closed-furnace for producing the rice husk biochar (BC600).
BC600 was then magnetized for making an intermediate magnetized rice husk biochar (BC600-
mag). Finally, nano zero valent iron (nZVI) was synthesized on BC600-mag for producing magne-
tized biochar impregnated nZVI (BC600-mag-nZVl). Batch experiments were conducted to investi-
gate color removal efficiency of BC600-mag-nZVI for the reactive dyes yellow (RY145), red (RR195)
and blue (RB19) from dyeing solutions with the initial color concentrations of approximately 400
Pt-Co. Results showed that, for RY145 and RR195, the optimum color removal efficiency (ng)
achieved the values of 95 and 93% at doses of 0.50 and 1.50 kg BC600-mag-nZVI/m? dyeing so-
lution, according to the treated color decreased to 21 and 30 Pt-Co, respectively, which are lower
than the allowable discharged standard of column A (< 50 Pt-Co) of QCVN 40:2011/BTNMT, while
for RB19, the n,, achieved the values of 63 % at dose of 8.00 kg BC600-mag-nZVI/m? dyeing so-
lution, according to the treated color decreased to 147 Pt-Co which is lower than the allowable
discharged standard of column B (< 150 Pt-Co) of QCVN 40:2011/BTNMT. In addition, with increas-
ing dose of the modified biochars, the color removal efficiency increased accordingly, achieving
almost 100% for RY145 and RR195 and over 70% for RB19. It is concluded that the magnetic-nZVI
rice husk biochars effectively removed the reactive dyes. In the other hand, the impregnation of
nZVI particles on the biochar backbone spatially separates the particles, prevents their aggrega-
tion and therefore enhances their reactivity This study therefore proposes a new application of rice
husk biochar modified with magnetized iron oxides and zero valent iron decolorization of dyeing
wastewater.

Key words: biochar, magnetic, nano zero valent iron, reactive dyes, dyeing wastewater
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