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TOM TAT

Nghién cttu nay trinh bay quy trinh ché tao va danh gia vat liéu than hoat tinh tt
luc binh (Eichhornia crassipes) bang phuong phap hoat héa héa hoc véi potassium
hydroxide (KOH) nhdm xt ly nuwéc thai ao nudi cd tra (Pangasianodon
hypophthalmus) tai tinh An Giang. Luc binh dugc nung so b ¢ 300 °C va hoat hda
béng KOH ¢ 800 °C dé thu vat liéu than hoat tinh ky hiéu LB-800. Két qua déc trung
cho thay LB-800 c6 ciu trtc carbon v6 dinh hinh, véi dién tich bé mat riéng dat 798
m?/g va thé tich mao quan 0,52 cm3/g, phi1 hop cho cac qua trinh hap phu. Khi ting
dung xt ly nuwdc thai ao nudi ca tra thuc té, vat liéu LB-800 cho hiéu sudt loai bo
NHs", POs*, COD va BOD:s lan luot dat 93,04%, ~100%, 96,54% va 96,43%; pH nudc
sau xtt ly ndm trong gidi han cho phép theo QCVN 40:2025/BTNMT (cot A). Sau qué
trinh giai hdp va tai st dung, hiéu sudt xt Iy COD va BODs van duy tri trén 95%.
Cac két qua cho thdy than hoat tinh tit luc binh c6 tiém ndng tng dung hiéu qua
trong xt ly nudc thai nudi trong thuy san theo hwdéng tuan hoan va bén viing, gop

phan cai thién chat lwgng méi treong nudc ving Pong bang song Ctru Long.

Tw khéa: hdp phu, luc binh, nudc thai ao nudi ca tra, than hoat tinh.
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1. MO PAU

Dong bang song Ctru Long (DBSCL) 1a viing san xuét thuy san trong diém cua
Viét Nam, chiém hon 60 % san luong ca xuét khau ca nudc. Trong d6, nghé nudi ca tra
(Pangasianodon hypophthalmus) dong vai tro then chot trong phat trién kinh t€ va tao sinh
ké cho hang chuc nghin h¢ dan. Théng tin tir Meksea Connection, nam 2024 tong dién
tich nudi cd tra toan vung dat khoang 5.370 ha véi san luong 1,67 triéu tan [1].

Song song vdi su tang trudng, nganh ca tra DPBSCL d6i mat thach thirc 16n vé
moi treong, ddc biétla 6 nhiém hitu co va dinh dudng trong ao nudi. Du lugng thitc an,
chat thai hitu co, hop chat giau nitrogen va phosphate lam gia tang cac chi tiéu COD,
BODs, NHy*, PO4* vuot quy chudn nhiéu Ian [2]. Nghién cttu tai An Giang cho thdy cac
hé théng be thuc vat ban dia giup cai thién dang k€ chat lwgng nude thai nudi ca tra [2].

Trong boi canh do, cac giai phap xt ly nude thai c6 chi phi thap, hiéu qua cao va
than thién moi treong ngay cang duoc quan tam. Nhiéu nghién cttu trong nudce da khai
thac thanh cong cac phu pham nong nghiép nhu vo trdu, xo dira, ba mia, luc binh dé€ ché
tao vat liéu hap phu COD, BOD:s va ion dinh dudng [3], [4]. Cac nghién cttu trong nudc
cting cho thdy luc binh sau hoat hoa KOH ¢ 700-900°C tao hé mao quan vi, rung mao va
dién tich bé mat 16n, rat phtt hgp cho x ly nudce giau chét hiru co va dinh dudng [5], [6].

Dac biét, luc binh (Eichhornia crassipes), loai sinh khoi phd bién ¢ DPBSCL, chia
ham lugng carbon cao va khi hoat héa béng KOH c6 thé tao than hoat tinh c6 cau trtc
x0p phat trién manh [7], [8]. Mt s cong trinh trong nudc da danh gia ddc trung nudc
thai c4 tra va dé xuét giai phap két hop hap phu sinh hoc nham nang cao hiéu qua xt ly
[9], [10]. Tuy nhién, chua c6 nghién ctru nao danh gia kha nang hap phu dong thoi COD,
BODs, NH4*, PO+* ctia than hoat tinh ttr luc binh trong nudc thai ao nudi cé tra, dac biét
trén mau nuéc thuc t& tai Dong Thap va An Giang.

Do d6, nghién cttu nay dugc thuc hién nham ché tao than hoat tinh tir luc binh
bang phuong phap hoat héa KOH, dong thoi danh gia kha néng xtt ly COD, BODs, NH,
PO#* trong nudc thai ao nudi ca tra tai An Giang. Két qua gop phan xay dung giai phap
xt ly nudce thai theo hudng tuan hoan, bén vitng va phu hop véi diéu kién thuc tién ctia
DBSCL.

2. PHUONG PHAP NGHIEN CUU
2.1. Hba chat

Luc binh st dung duwoc thu thap tit ven bo song thuoc xa Hoa Thuan, tinh An
Giang. Cac héa chit: KOH (Trung Qudc)-phong thi nghiém Hod ly Ung dung Truong
Pai hoc Khoa hoc Ty nhién-Dai hoc Quéc gia Thanh phd H6 Chi Minh, nwdc ao nudi ca
tra (Xa Binh My, Tinh An Giang).
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2.2. Tong hgp vat liéu than hoat tinh tir luc binh (LB-800)

Luc binh duwoc phoi kho, xay nhuyén, ray, nung ¢ 16 nung Nitrogen GSL-1100X,
MTI, Hoa Ky, khoang 300 °C (ky hiéu la LB-300), sau d6 nghién min dem trdn véi KOH,
ti1é (1:2) theo khdi luong, sdy kho, ti€p tuc nung trong 1o khi tro 800 °C (ky hiéu LB-800),
thoi gian 180 phut. Rira lai bang nudc ndng dén khi pH=7, siéu am trong con, say kho va
hut chan khong, gitr trong binh hut am [7], [8].

2.3. Phuong phap xac dinh ddc trung cua vat liéu

CAu trtc tinh thé ctia vat liéu dugc phan tich bang nhiéu xa tia X (XRD) trén thiét
bi Bruker D8 Advance (Dttc) sit dung bttc xa Cu Kat (A =1,5406 A), goc quét 20 = 5-80°,
budc quét 0,02° va thoi gian dém 0,5 s/step.

Phuwong phap quang phd Raman khao sat cdu tric va thanh phan cta vat liéu ¢
budc song laser 638 nm, trén may LabSpec 6 HORIBA Scientific.

Hinh thai bé mat va thanh phan nguyén t8 duwoc quan sét bang hién vi dién i
quét c6 gan dau do tan sic ning lwong tia X (SEM-EDS, JEOL JSM-6490, Nhat Ban).

Do pH st dung thiét bi Hanna HI5222-02.

Dién tich bé mit riéng va dic trung mao quan duoc xac dinh bang phép hdp phu-
khtt hdp phu N2 (BET) trén thiét bj Micromeritics TriStar II Plus (Hoa Ky) ¢ 77 K; mau
duwoc khtt khi ¢ 100 °C trong 15 gio (chan khong) va 150 °C trong 4 gio (dwoi dong No)
triede khi do.

2.4. Danh gia kha nang hap phu ctia vat liéu diéu ché

Mau nudc thai ao nudi ca tra duoc 18y mot lan (20 1it) vao thang 8/2025 (ltc cé tra
dat 4 thang tu6i), vao thoi diém sau khi cho ca an 120 phut theo TCVN 6663-4:2020, van
chuyén va bao quan mau theo TCVN 6663-3:2020.

D€ danh gia kha nang hap phu dong thoi cac chat dinh dudng va hitu co trong
nudc thai ctia vat liéu, ching t6i tién hanh phan tich cac chi s6 BODs (TCVN 6001-1:2008),
COD (TCVN 6491:1999), ham luong ion NH:' (TCVN 6179-1:1996), ion PO:”™ (TCVN
6202:2008) véi thoi gian hap phu can bang 1a 120 phat, thé tich mau nudc ao mdi mé thi
nghiém la 500 mL, khdi lwgng vat liéu nghién ctru 14 0,5 gam, sau d6 dem phan tich két
qua hap phu (Phan tich tai Trung tam Nghién ctru ting dung va dich vu khoa hoc cong
nghé-S6 Khoa hoc va Cong nghé tinh Bong Thép).

Hiéu sudt hdp phu (H%) dugc tinh theo cong thitc sau:

H%=<2L4100
0
Trong d6: Cova Cilan luot 1a nong do ban dau va ndong do sau khi hdp phu

(mg/L).
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3. KET QUA VA THAO LUAN
3.1. Dic trung cau triic va hinh théi ctia than hoat tinh tir luc binh (LB-800)

Gian d6 XRD trong Hinh 1 cua vat liéu LB-800 cho thay hai dinh nhiéu xa rong
tai 20 = 24° va 43°, twong tng voi cdc mat phéng (002) va (100), dac trung cho carbon co
cau trac vo dinh hinh. D¢ rong dinh 16n va cuong d6 thap cho thay vat liéu c6 muic do
két tinh thap, phu hop voi ddc diém cta than hoat tinh dwoc hoat hda ¢ nhiét d cao.
Két qua nay phu hop v6i dac diém cau trtc ctia than hoat tinh sinh khéi duoc cong bo

trong cac nghién cttu trwedc [7], [8].
3%0 —m™——————————r—————————r
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Hinh 1. Gian d6 nhiéu xa tia X (XRD) ctia than hoat tinh tir luc binh (LB-800).

Hinh 2. Anh hién vi dién te quét (SEM) cta vat liéu (a) LB-300 va (b) LB-800.

Anh SEM (Hinh 2) cho thdy vat liéu LB-300 c6 bé mit twong ddi dic, s6 lwong 16
rong con han ché. Trong khi d6, vat liéu LB-800 sau khi hoat héa & 800°C cé cau tric x3p
phat trién rd rét véi nhiéu 16 rong va khe rong phan bs khong dong déu, kich thude tir
vai trdm nanomet dén vai micromet. Sy hinh thanh hé 16 rong nay la két qua cua qua
trinh hoat héa héa hoc bang KOH 6 nhiét d9 cao, gép phan lam ting dién tich bé mat va
thé tich mao quan cua vat liéu, tao diéu kién thuan 1¢i cho qua trinh hdp phu cac chat 6
nhiém trong nude [11].
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PhS Raman cua vat liéu than hoat tinh tir luc binh (LB-800) cho thdy hai dai pho
D (1350 cm™) va G (1580-1600 cm) xudt hién ro rang (Hinh 3). Dai D ¢6 cuwong do tuong
dai 16n, trong khi dai G c6 cuong do thdp hon, cho thdy vat liéu carbon c6 cdu triac kém
trat ty va mang tinh v6 dinh hinh cao. Pdc diém nay phu hgp véi than hoat tinh sinh
khoi duoc hoat hda ¢ nhiét d6 cao va thuan lgi cho cac qua trinh hdp phu va tng dung
lién quan dén moi truwong [12]. Gid tri ty 1€ In/Ic ~ 1,18 phan danh murc dd khuyét tat cau
triuc dang ké ctia vat liéu, tao diéu kién hinh thanh mat do 16n cac trung tam hoat dong
cho qua trinh hap phu trén bé mat vat liéu [12].
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Hinh 3. Ph6é Raman cua vat liéu than hoat tinh ttr luc binh (LB-800)
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Hinh 4. Dang nhiét hap phu-khtt hdp phu N ctia vat liéu than hoat tinh (LB-800)
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K&t qua hap phu-khtr hap phu N2 ¢ 77 K cho thay vat liéu LB-800 c6 dang dang
nhiét loai I kém vong tré H4, déc trung cho vat liéu ¢ hé vi mao quan chiém wu thé va
trung mao quan hd trg qud trinh khuéch tan. Dién tich bé mat riéng BET ctia vat liéu dat
798 m?/g, thé tich mao quan tong dat 0,52 cm?/g, véi duwong kinh mao quan trung binh
khoang 2,6-2,8 nm (Hinh 4).

Cau trac x0p vdi dién tich bé mét 16n va hé mao quan phat trién giup vat liéu
LB-800 c6 nhiéu tam hdp phu hoat tinh, gép phan nang cao kha nang xtt ly cac chat hitu
co (COD, BOD:s) va cac chat dinh dudng (NHa4", POs*) trong nudc thai ao nudi ca tra. Két
qua nay cho thdy than hoat tinh ttr luc binh (LB-800) c6 tiém nang ting dung trong xt ly
nudc thai theo hudng hiéu qua va bén viing [13].

3.2. Khao sat kha nang hip phu cic chat hitu co va dinh dudng trong nwéc thai ao nubi
catra bﬁng than hoat tinh tir luc binh (LB-800)

Dé so sanh véi cdc chi tiéu gay & nhiém ching t6i dung tiéu chudn QCVN
40:2025/BTNMT [14]. Do diéu kién chung t6i khong thé phan tich phosphor va nitrogen
tong, thay vao do6 ching t6i [an lwot phan tich phosphate va ammonium. Két qua phan
tich mau nuwdc thai ao nudi c4 tra triede xtr ly cho thay cac chi tiéu COD (414 mg/L), BODs
(281,0 mg/L), NH." (28,6 mg/L) déu & mutc cao so v6i gidi han cho phép theo QCVN
40:2025/BTNMT, chi tiéu PO (2,93 mg/L). Diéu nay cho thay nudc thai ao nuoi ca tra
tiém an nguy co gay 6 nhiém méi trudong néu khdng dugc xtt ly phit hop.

Kha ning hap phu dong thoi cac chat hitu co (COD, BODs) va dinh dudng (NH',
PO,*) trong nude thai ao nudi ca tra dwgc khao sat bang cach xt ly mau nudc véi than
hoat tinh tt luc binh (LB-800) trong diéu kién thi nghiém mé (lap lai 3 [an), véi thoi gian
ti€p xtc 120 phut, thé tich dung dich 500 mL va khéi luong vat liéu 0,5 g. Két qua phan
tich cac chi tiéu truedce va sau xi ly dwgc trinh bay trong Bang 1.

Bdng 1. Mot s6 chi tiéu chat lwong nude trude va sau xit ly bang vat liéu hdp phu ché
tao ttr than luc binh (LB-800)

A AV QCVN
STT Chi tidu Trudc xit 1y Sauxwly | Hiéusuat | ,;4.5005/BTNMT
(mg/L) (mg/L) (%)
(Cot A)
1 pH 6,70+ 0,15 7,49 +0,18 - 69
2 NH* 28,6 +0,37 1,99 +0,11 93,04 5
3 PO+ 2,93 +0,06 <LOQ ~100 -
4 COD 414+2,3 14,3+0,8 96,54 60
5 BOD:s 281+1,4 10,0 0,7 96,43 30
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Két qua 6 Bang 1 cho thdy vat liéu LB-800 c6 hiéu qua xtt ly r6 rét ddi vdi cac chat
6 nhiém dic trung trong nudc thai ao nudi ca tra. Cu thé, hiéu suat loai bo NHs" va PO
dat Ian luot 93,04% va gan nhu hoan toan (nong do sau x ly thap hon giéi han dinh
luong, LOQ = 0,07 mg PO4#-/L). Hiéu sudt xt ly COD va BOD:s dat lan luot 96,54% va
96,43%, cho thdy kha nang hap phu hiéu qua cac hop chat hiru co. Gia tri pH sau xu ly
téng nhe nhung van nam trong khoang cho phép ctia QCVN 40:2025/BTNMT.

Nhin chung, céc chi tiéu COD, BODs va NHst sau xtt ly déu dap tng yéu cau
theo QCVN 40:2025/BTNMT [14], hiéu sudt xt¢ ly POs-gan nhu hoan toan chitng té than
hoat tinh ttr luc binh (LB-800) c6 tiém ndng tng dung trong xt ly nwdc thai ao nudi ca
tra.

Sau chu ky hap phu th nhat, vat liéu LB-800 duoc thu hoi bf?mg cach loc va tién
hanh giai hap bang dung dich KOH 0,1 M, sau d6 rita d&n pH gan trung tinh va sy kho
trude khi sit dung cho chu ky hap phu tiép theo. Két qua xtt Iy nudc thai bang vat liéu
sau tai sinh dwoc trinh bay trong Bang 2.

Bdng 2. Mot s6 chi tiéu chat lwong nude trude va sau xit ly bang vat liéu giai hap ché
tao ttr than luc binh (LB-800)

) ! QCVN
STT Chi tidu Tredcxirly | Sauxtktly | Hiéu suat 40:2025/BTNMT
(mg/L) (mg/L) (%)
(CotA)

1 pH 6,70 +0,15 7,84 +0,21 - 69
2 NH4* 28,6 £ 0,37 7,03+0,16 75,35 5
3 PO4> 2,93 + 0,06 <LOQ =100 -
4 COD 414+23 17,6 +0,9 95,75 60
5 BOD:s 281+1,4 12,0+0,8 95,73 30

Két qua cho thdy hiéu suat xt Iy COD va BODs ctia vat liéu sau tai sinh van duy
tri & mtkc cao, [an lwot dat 95,75% va 95,73%, trong khi hiéu suat loai bd NHs" dat khoang
75,35%. Cac chi tiéu sau x1 Iy ngoai trtt nong d6 ammonium van con hoi cao (chi dat
mttc B), cac thong s6 khac van nam trong giéi han cho phép theo QCVN 40:2025/BTNMT,
dong thoi pH ctia mau nudc sau xtr Iy khong bién dong 16n. Nhin chung, than hoat tinh
tte luc binh (LB-800) c6 kha ndng tai stt dung va duy tri hiéu qua xtt ly tuwong d6i 6n dinh
sau giai hap voi phan 16n chi tiéu nghién ctru, phan anh d6 bén va tinh 6n dinh cta vat
liéu trong diéu kién thi nghiém.

Két qua ddc trung vatliéu cho thay than hoat tinh ttr luc binh (LB-800) ¢6 cau tric
carbon v6 dinh hinh, bé mat xdp phat trién va dién tich bé mat riéng 16n (798 m?/g) vdi vi
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mao quan trung binh chiém wu thé. Nhitng dédc diém nay tao diéu kién thuan loi cho qua
trinh hdp phu cac hop chat hitu co thdng qua twong tac bé mat, dong thoi hd tro qua trinh
bét gitt cacion dinh dudng nhuw NHs va POs*. Do d6, hiéu sudt xt ly COD, BODs, NH+'va
POs* dat gia tri cao la phu hop véi dac trung cau tric va hinh théi ctia vat liéu hap phu.
Co ché hdap phu NH* chu yéu théng qua trao ddi ion véi cac nhdm chike chiva oxy tai vi
tri khuyét tat [15]. Trong khi d6, viéc loai bé PO thuong dién ra qua twong tac tao phtic
va cau ndi kim loai trén bé méat carbon v6 dinh hinh [16]. Ty 1é In/Ic cao (~ 1,18) tit pho
Raman khéng dinh mat d6 cac vi tri hoat dong hap phu 16n, tao diéu kién thuan loi cho
cac qua trinh trén [12]

Hiéu qua xtt ly COD, BODs, NHas'va POs* ctia than hoat tinh ttr luc binh (LB-800)
trong nghién ctru nay tuong dwong hoac cao hon so véi mot sd vat liéu hdp phu sinh
khoi da duoc cong bd truede day, nhu than hoat tinh ti vo trau, xo dira... [2,4] . Déc biét,
kha nang xtt ly dong thoi ca chat hitu co va chat dinh dudng trong cing mot quy trinh
la wu diém noi bat cua vat liéu LB-800.

Bén canh d6, két qua khao sat tai stt dung cho thay vat liéu van duy tri hiéu suat
xt ly cao sau giai hap voi phan 16n cac chi tiéu nghién ctu, phan anh d bén va tinh 6n
dinh cua than hoat tinh tir luc binh trong diéu kién thi nghiém. Diéu nay cho thay vat
liéu c6 tiém nang ing dung thuc té trong xt ly nuwde thai ao nudi ca tra, gdp phéan giam
6 nhiém méi treong va tan dung hiéu qua nguon sinh khoi san c6 tai dia phuong, tuy
nhién dé€ xt ly triét d€ hon ddc biét nitrogen can duoc nghién ctru thém.

Vi ngudn nguyén liéu doi dao, chi phi thdp va quy trinh ché tao twong ddi don
gian, than hoat tinh tir luc binh ¢6 thé'1a giai phap xt ly nwdc thai phtt hgp cho cdc mod
hinh nudi trong thily san theo hudéng bén vitng va kinh t&€ tuan hoan tai viing Dong bang
song Ctru Long.

4. KET LUAN

Nghién ctru da ché tao thanh cong vat liéu than hoat tinh tir sinh khdi luc binh
bang phuong phap hoat héa héa hoc véi KOH & nhiét d6 cao. Vat liéu thu duoc (LB-
800) c6 cau truc carbon v6 dinh hinh, hé mao quan phat trién véi vi mao quan chiém uu
thé va trung mao quan hd tro khuéch tén, thé hién qua dang dang nhiét hap phu loai I
kém vong tré H4, dién tich bé mat riéng 16n va thé tich mao quan dang ké&. Nhiing déc
diém cau trac nay tao diéu kién thuan loi cho qua trinh hdp phu cac chat 6 nhiém trong
nudc. Khi tng dung xt ly nude thai ao nudi ca tra thuce t€, vat liéu LB-800 cho hiéu qua
cao trong viéc loai bo dong thoi cac chat hitu co (danh gia thong qua cac thong s6 COD,
BOD:s) va cac chat dinh dudng (NHs*, POs*). O chu ky hdp phu thit nhat, chat luong
nudc sau xtt ly dap ting yéu cau cta quy chuan moi truong hién hanh (cot A, QCVN
40:2025/BTNMT). O chu ky tai st dung, COD va BODs van dat tiéu chudn cot A nhung
NH,* chi dat cot B, cho thdy can cai thién thém quy trinh tai sinh dé€ xu ly triét dé
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ammonium. Trong nghién cttu nay, cac thi nghiém dwoc tién hanh ¢ diéu kién cd dinh,
vi vay O cac nghién ctu tiép theo can t6i wu hda cac yéu t6 anh huong dé tang hiéu qua
xtr ly nuwdc thai. Két qua nghién ctru khéng dinh tiém nang ctia than hoat tinh tit luc binh
nhw mot vat liéu hap phu hiéu qua, than thién mdi treong va c6 nguoén goc sinh khoi
s&n c6 tai dia phuong, gép phan dinh hudng cac giai phap xt ly nuwdc thai nudi trong
thiy san theo huéng tuan hoan, giam thiéu 6 nhiém va bao vé moi truong nudc vung
Dbng bang song Ctru Long.
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ABSTRACT

This study presents the synthesis and evaluation of activated carbon derived from
water hyacinth (Eichhornia crassipes) via chemical activation with potassium
hydroxide (KOH) for treating catfish pond wastewater (Pangasianodon
hypophthalmus) in An Giang province. The water hyacinth biomass was pre-
carbonized at 300 °C and then activated with KOH at 800 °C to obtain the activated
carbon material, denoted as LB-800. Material characterization revealed that LB-800
possesses an amorphous carbon structure, with a specific surface area of 798 m?/g
and a total pore volume of 0.52 cm?/g, indicating its suitability for adsorption
applications. When applied to real catfish pond wastewater, LB-800 achieved
removal efficiencies of 93.04% for NHs*, ~100% for PO43-, 96.54% for COD, and
96.43% for BODs. The pH of the treated water remained within the permissible limits
specified by QCVN 40:2025/BTNMT (Column A). After desorption and reuse, the
material maintained COD and BODs removal efficiencies above 95%. These results
revealed that water hyacinth-derived activated carbon has significant potential for
practical application in aquaculture wastewater treatment within a circular and
sustainable framework, thereby improving water environmental quality in the

Mekong Delta region.

Keywords: Adsorption, activated carbon, catfish pond wastewater, water hyacinth.
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