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TOM TAT

Nghién ctu to hop vat liéu than sinh hoc tr ba mia (BC) vdi nano tr MgFe,O4 1am vét li¢u
héap phu va khao sat cac diéu kién hap phu t6i vu nham xir Iy 6 nhiém phdt phat ¢6 trong nudc thai.
Phuong phap sol-gel dugc sir dung dé san xudt vat liéu nano tir MgFe;04, sau do to hop vat liéu than
sinh hoc bang thiét bi siéu am. Nhiét d6 nung khao sat vat liéu chua bién tinh va ty 1 t6 hop giita biochar
va nano tr dugc khao sat. Vat liéu tao ra cung vai vat liu sau hép phu dugc do chup SEM,
EDS-mapping, XRD, va pH,.. Két qua cho thay than sinh hoc bién tinh MgFe,0s@BC cho hiéu qua
va dung luong hip phu vuot tréi hon than sinh hoc nguyén so BC tir 10-20%. Nghién ctru da khao sat
duoc cac yéu td anh hudng dén hiéu qua va dung lugng héip phu PO4* cta vat liéu ché tao duoc bao
gdém anh hudng cua ti 16 MgFe,04@BC, anh huéng cia pH dung dich, anh huong cua lidu luong vat
liéu hap phy, anh hudng cua nong d6 PO,> ban dau va anh huong cua thoi gian tiép xuc. Két qua nghién
clru chi ra rang tai ti 1¢ blen tinh than v6i MgFe,0.@BC 1a 5% (khdi lugng/khdi lwong), pH t6i u, liéu
lwong hap phu t6i uru, ndng dd PO4> ban dau va thoi gian tiép xuc cho hiéu qua tbi wu.

Tir khéa: Ba mia, than sinh hoc, nano MgFe,O4, phdt phat, nudc thai.
1. PAT VAN PE

Mia (Saccharum officinarum L.) 1a mot loai cay trdng dwoc trong rong rai, khong chi ¢ Viét Nam
ma con ¢ nhiéu qubc gia khac trén the gioi. Day la nguyén liéu thé chinh dé san xuat duong, chiém
khoang 80% san luong dudng toan cau. Ngoai vai tro lam ngot d6 ubng, ndu an va lam banh keo, dudng
con duge 1én men dé san xuat rugu va ché blen thanh xi-r6. Trong qua trinh chiét xuat duong, mot luong
16n ba mia - mot san pham phy dang xo - van con lai chiém khoang 28% trong luong kho [1]. biéu nay
lam ndi bat mdi twong quan tryc tiép giita khdi lwong hang tram tridu tan ‘mia dé san xuét cac san pham
thi lugng chat thai cong nghiép phat sinh ciia nganh nay khoang 1/3 s6 4y 1én dén hang chuc triéu tan
ba mia [2]. Tuy nhién, bd mia da duoc tai s dung hiéu qua cho nhiéu tmg dung khéac nhau, bao gém
san xuat phan bén, chiét xuét soi xenlulo, thirc dn chin nudi, vat liéu xay dung, thu hdi niang luong va
san xut nhién ligu sinh hoc do ham lugng xenlulo cao (45-55%). Dang cht y, ba mia dac biét c6 gia
tri nhu mot ngudn nhién lidu, vi mot tdn ba mia kho cung cp nang luong twong dwong voi khoang
1,6 tAn nhién liéu thong thuong [3]. Ba mia da qua xur Iy nhiét co thé duoc st dung lam vat liéu hép phu
c4c chit 6 nhim ngudn nudce, ning cao hon nira vai trd ciia n6 trong quan 1y chét thai bén viing va bao
vé moi truong.

O nhiém phdt phat trong nudc thai da tré thanh mdi quan tam cép bach vé& méi truong do vai tro
clia nd trong viéc ddy nhanh qué trinh pht dudng, dan dén tao nd hoa qua muc, can kiét OXy va suy
thodi hé sinh thai dudi nuée [4]. Phdt pho, chu yéu & dang phét phat, di vao nude thai tir nhiéu ngudn
nhan tao khac nhau, bao gdm dong chay nong nghiép, chat thai cong nghiép va nudc thai sinh hoat [5].
Mic di cac nha may xt ly nuée thai (WWTP) sir dung cac phuong phap héa hoc va sinh hoc dé loai bo
phét phat, nhung cac cong nghé hién c6 thuong phai d6i mat voi nhitng thach thic lién quan dén hiéu
qua, chi phi va tinh bén viing [6]. Mic du dd c6 nhimng tién bo dang ké, van con nhitng khoang cach
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trong viéc td1 wu hoa cac k¥ thuat loai bo phét phat, déc biét 1a trong viéc phat trién cac chién lugc tiét
kiém chi phi va bén vitng véi méi trudng.

Phuong phap hip phu ndi bat nhu mot lya chon ddy tiém ning nhd van hanh don gian, chi phi
thap va kha nang tai sir dung vt liéu. Nghién ctru trong thap ky qua da ching minh hiéu qua cua hép
phu trong viée xur Iy phdt phat, kim loai ning va chét hiru co, ddc biét voi cac vat liéu nhu dat sét co
hiéu suét cao, gia thanh hop ly va kha nang tai sinh [7]. Tuy nhién, hiéu qua cua phuong phéap nay phu
thudc vao cac yéu t6 nhu pH va nong do chat 6 nhiém, dong thoi vige ap dung tir phong thi nghiém ra
thue té van d6i mat voi thach thire vé tudi tho vat liu va chi phi san xuét [8]. Nhitng tién bd nay khang
dinh hép phu 13 huéng di trién vong, nhung cin nghién ctru thém dé khic phuc han ché va nang cao tinh
kinh té.

Vi nhf;ng 1y do trén, nhém tac gia qa trién khai’thuc hién: “Nghién curu ché tao vit liéu hdp phu
tir ba mia t6 hop voi nano tir MgFe>Oy dé logi bo phot phat trong nuroc thai”.
2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Hoa chit va vt liéu

Céc hoa chat duge sir dung trong nghién ciru: axit citric, MgCl,, FeCls, NaOH, ethylene glycol,
H,S04, KOH va KH,PO4 dugc mua tir hang Vietchem (Viét Nam).

Dung dich gbc PO4* néng d6 1000 mg/L dugc chuan bi tir viéc pha KH,PO4 (séy kho & nhiét do
105 °C trong 2 gio) trong nude cat. Dung dich thi nghiém co6 ndng d6 khac dwoc chuan bi bang viéc pha
lodng dung dich gbc téi ndng d6 mong mudn.

2.2. Chuén bi vit li¢u hip phu
2.2.1. Ché tao vt liéu hdp phu tir ba mia (VLHPI)

Hinh 1. So @b mé ta quy trinh ché tao VLHP 1

Bi mia duoc thu gom tir nha may san xuét mia dudng mang vé phong thi nghiém, sau d6 duoc
lam sach v6i nudc cét, lam kho bang cach sdy & nhiét do 80 °C. Bd mia di dwoc sdy kho, dugc nghién
nho t6i kich ¢& 60 pm st dung ray 60 (Mesh 60). Can 10g ba mia da nghién ngdm trong 100 mL dung
dich KOH 0.1M trong binh erlen trong 1 gio. Dung dich nay sau d6 duogc lgc, rua va chét bo nuéde lién
tiép 3 1an. Phan ba mia sau khi duoc hoat hoa béng KOH & tiép tuc dugc cho vao cdc st va dua vao
trong ti nung, nung & cac nhiét d6 khac nhau, tir 300-500 °C trong 2 gid. Cac cdc sir chira mau sau
nung, dugc lay ra dé ngudi vé nhiét do phong (25+2 °C). Hon hop ran trong cac cdc sir duoc thu hdi,
rira nhidu 1an bang nudc cit dé loai bo cac thanh phan khong mong mudn dé thu duge than nhiét luyén
sach (pristine biochar). Than biochar thu dugc tiép tuc dugc say kho & 105 °C trong 2 gid. San pham
thu dugc chinh 1a vat liéu hap phu 1 (VLHP 1) va duoc danh ky hi¢u mau la VLHP 1-300; VLHP-350;
VLHP 1-400; VLHP-450; VLHP 1-500. Vat liéu hap phu nay dugc dung dé khao sat anh huong ctia
nhiét 9 nung 1én dung lugng va hiéu qua hap phu Phét phat. Vat liéu ndo cho dung lugng va hiéu qua
loai bo PO4* cao nhét s& duoc chon lam tién chét cho viéc ché tao VLHP td hop v6i nano tir MgFe,04
theo phuong phap ngadm tdm uot (VLHP 2).
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2.2.2. Phirong phdp ché tao vit liéu nano MgFe;04

Thém 0,17g MgCl,;

93g _ 100ml 0,29g FeCl,
acidcitric >y~ nudecat vi 40ml Etbylene glycol
y Vv ’ ~
v
60°C trong 80°C
1 15 phat |
v, S iV, /
— T—
Hoa tan acid citric véi nudc cit bing miy Thém lin luot MgCl,, FeCl,, va C,H,0, Hdn hop gel duge siy tiép & nhiét 4o
khudly tir gia nhiét khudly gia nhiét dén khi hén hop hoa gel 150°C trong 12 tiéng
Vi e F e
K L3
\ L | Pt
f < “
Hdn hop chit rin thu
dugc sau qua trinh tong Vi tiép tuc diy 1én 1000°C Nung miu sau sdy &
hop 1a Nano MgFe,0, trong 2 gidr nira 300°C trong 3 gio

Hinh 2. So @6 mo ta quy trinh ché tao Nano MgFe>04

Vat liéu tr tinh MgFe,O4 duoc tong hop bang phuong phap sol-gel, nhu sau: Can 93 g acid citric
dugc hoa tan vao trong 100 mL nude cat, dé qua trinh din ra nhanh chéng, str dung may khudy tir gia
nhiét hon horp 6 60 °C trong vong 15 phut dé hdn hop tan hét. B sung 0,17 g MgCly, 0,29 g FeCls, va
40 mL EG gitr nguyén toc do khudy va gia nhiét 1én 80 °C dén khi hdn hop sét lai & dang gel. Hon hop
d6 vao cbc st va say ¢ nhiét do 150 °C trong 12 gio. Hon hop tlep tuc duoc nung ¢ nhiét d6 nhiét dén
300 °C trong 3 gid roi nung tiép & nhiét d6 1000 °C thém 2 gid. Coc sir duoc lay ra va dé ngudi vé nhiét
d6 phong, vat liéu thu dugc la nano MgFe,04 va dugc st dung dé ché tao than sinh hoc bién tinh dung
cho céc thi nghiém hip phu tiép theo.

2.2.3. Phirong phép ché tao than nhiét luyén bién tinh véi nano MgFe ;04 (VLHP 2)

Than phiét luyén thu duogc taiﬂnhiét d6 nung phu hop nhét tiép tuc dugp bién tinh véi nano tu
MgFe,04 bang phuong phap ngam tdm w6t tai cc ty 1€ phoi tron khac nhau nham tim ra ty 1€ phoi tron
cho hiéu qué loai bo PO4*" tot nhat. Cac budc tien hanh nhu sau:

Than sinh hoc tir
MgFe,0, ethanol y
X 80°C
vy trong -
- % = 2 tieng -\ =
‘ =) “ ALl
— : T =)\ =
4 s B
— <X / =
x 3 " 5 e San pham thu dugc 12 vit
Hon hop gom nano MgFe,0, Sau siéu dm, mau duge T . liu thanh sinh hoc t6 hop
véi 40 ml ethanol duge dem di thém vao VLHP! tuong Loc rira nhicu lf?\n bang nudc cat

vi nano MgFe,0,

siéu m cot trong 30 phut img khuay tir v sy khd (BB@MgFe,0,)

Hinh 3. So &6 mb ta qué trinh t6 hop VLHP 2 MgFe:O4@BC

Can luong nano MgFe,O4 theo ty 1€ dinh trude cho vao binh tam giac chiu nhiét 250 mL véi 40 mL
dung dich etanol va dua vao siéu 4m trong thoi gian 30 phut thi can khéi lwong than theo ty 16 vé khéi
luong (nano MgFe,O4/than sinh hoc ba mia) 1%, 3%, 5%, 7%, 9%, va 11%. Tiép theo day kin binh tam
gidc va lic hdn hop trong vong 2 gior tai nhiét do 80 °C. Sau d6, hdn hop huyén phu dugce loc, rira bang
nudce ct 3 1an va tiép tuc cho vao sdy kho tai nhiét d6 100 °C trong 2 gi¢ thi thu dwoc than sinh hoc gin
két nano, ky hi¢u la: BB@MgFe:04-1%, BB@ MgFe;04-3%, BB@MgFe,04-5%, BB@MgFe;04-7%,
BB@MgFe,04-9%, va BB@MgFe,04-11%. Than BB@MgFe,Os tai ty 1¢ bién tinh t6i wu (VLHP 2) s&
duoc st dung cho céc thi nghiém hép phu PO4* tiép theo.
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2.2.4. Phuong phap sir dung trong phong thi nghiém

Thuyc nghiém xir Iy nude thai nhan tao chira PO4> bang qua trinh hap phu theo mé véi VLHP 1 va
VLPH 2 dugc thuc hién nhu sau: Cac thi nghiém hang 10@'{ duogc thyc hién dé danh gia éml} hudng cua
cac thong s6 khac nhau dén dung luong va hiéu qua hap phu cia VLHP 1 va VLHP 2 d6i voi PO~
Trong thi nghiém nay, vat liéu hap phu ché tao duge duoc dat vao binh tam gidc dung tich 200mL chira
100 mL dung dich nuéc thai nhén tao chira PO4,3'. Cac thi nghiém nham danh gia anh huong cua cac
yéu t6 hap phu nhu pH dung dich, liéu luong chat hap phy, thoi gian tiép xic va néng d6 chat 6 nhiem
1én hiéu qua va dung luong hap phu PO*.

2.2.5. Phuong phap phdn tich

Dé danh gia dic trung tinh chit cua vat liéu trude va sau hap phu, nhém théng qua cac phép do:
SEM, XRD, EDX mapping, va pHpc.

Phan tich cac thong sd dé danh gia hidu qua hap phu PO,* bang phuong phap do pho sir dung
amoni molipdat tai bu6c song A= 880 nm theo 4500 P-B&E. pH duoc do bang may do pH (HANNA,
pH HI 2211-02, Romani); May quang pho str dung UV-Vis la My quang pho so mau ciia haing WTW,
model photoLab 7600 VIS, btc.

2.2.6. Phuong phdp xit Iy 56 liéu

Céc sb liéu thi nghiém s& duoc xur ly bang phuong phép xac suét thong ké sir dung cac phan mém
nhu EXCEL, so satnh ANOVA trong phan mém chuyén dung SPSS va xir Iy d6 thi bang phin mém Origin.

3. KET QUA VA BAN LUAN

3.1. Anh huéng ciia nhiét d nung 1én kha ning hip phu phét phat (PO4*) ciia vat ligu

Thi nghiém nghién ciru anh hudng ctia nhiét d6 nung dé ché tao than sinh hoc thé dén kha nang
hép phu PO4*, nhiét 6 ché tao than phu hop nhat xir Iy hap phu PO4* cho hiéu qua xir 1y tot nhat, va
chon than sinh hoc thd duoc san xuat & nhiét do tdi wu dé san xuat tiép than bién tinh. Thi nghiém
duoc thuc hién béng cach thay ddi nhiét do nung lan luot tir 300 dén 500 °C. Két qua dat duogc thé
hién & Hinh 4.
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Hinh 4. Anh huéng cta nhiét d6 nung 1én kha nang hip phu phdt phat (PO4>)

Du liéu Hinh 4 cho thﬁy, khi nhiét d nung tang tir 300 °C 1én 500 °C, ca hi¢u qua xur ly va dung
luong hép phu déu giam dan. O nhiét d6 nung 300 °C, hiéu qua xur 1y dat khoang 72%, va dung lugng
hip phu cao nhat (~9 mg/g). Khi tang nhiét d¢ 1én 500 °C, hiéu qua xu Iy giam xuéng dudi 60%, va
dung luong hap phu ciing giam xuo6ng khoang 6 mg/g. O nhiét d6 cao hon, cau trac vat liéu c6 thé bi
bién déi, 1am giam dién tich bé mat va s lugng 16 x6p, dan dén giam kha nang hép phy.

Nhu vy, trong nghién clru nay, nhiét d vat liéu dat hiéu qua loai bé POs> trong nudc thai tdt
nhat tai VLHP-300 va vat liéu nung tai nhiét d¢ nay dugc chon cho céac thi nghiém tiép theo.

3.2. Anh huéng ciia ty 18 t6 hgp dén kha ning hiap phu Phét Phat (PO4>) ciia vit ligu

~ Thi nghiém ty 1¢ bién tinh anh huong dén kha nang xir ly’PO43’ duge trién khai so sanh céac ty 1é
bién tinh than sinh hoc (VLHP 2) gitra nano MgFe;O4 tir 1% dén 11% t6 hop v6i than sinh hoc th6 dé
tim ra ty 1€ t0 hop tot nhat. Két qua thi nghiém duoc the hi¢n qua hinh sau:
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Hinh 5. Anh huong cua ti 1¢ t6 hop BC va MgFe204 1én higu qua va dung lugng hap phu phét phat

Két qua thé hién & hinh trén cho thiy, giita than thudng va than t6 hop ¢6 su chénh léch v& hiéu
qua xir 1y kha dang ké tir 10-20%. Hiéu qua xtr Iy tang nhe khi ty 1& nano tir 1% dén 11%, dao dong
quanh 80-90%. Ddi véi dung lwgng hap phu, & ty 18 nano 1% - 5%, dung lugng hap phu tang manh, dat
gié tri cao nhét tai 5% (~4.75 mg/g). Khi tang ty 1& nano tir 5% lén 7%, dung lugng hap phu gidm nhe
va tir 7% dén 11%, dung lugng hap phuy tang tro lai, dat gia tri cao nhat 4.8 mg/g ¢ 11%.

Két qua cho thay than sinh hoc tir b mia chua bién tinh VLHP 1 c6 hiéu suat xir Iy PO* thap
hon nhiéu so véi than hoat tinh da bién tinh VLHP 2. Viéc dua hat nano ferrite spinel vao than sinh hoc
chi ra cai thién 13 rét vé dung lugng va hiéu qua hap phu ctia cac anion tir nudc thai PO4> do c6 su giam
trong kha nang ty két tu ctia cac hat nano tir tinh va dién tich bé mat riéng cua than sinh hoc to hop duoc
tang 1én. Bén canh d6 thi luong Fe va Mg hién dién trong thanh phan ctia nano t6 hop (MgFe,04) cb
thé tao két tiia voi PO4> va trao d6i phdi tir voi cac nhom —OH (trong MOH, M= Mg, Fe) trén bé mat
ctia biochar t6 hop 1am ting hiéu qua hap phu.

Ty 1& t6 hop tir 5-11% dem lai kha nang hdp phu khong khac biét nhiéu, xét vé hiéu qua kinh
té, nghién ctru lya chon ty 1€ td hop 5% dé dai dién cho vat liéu (VLHP 2) va st dung cho cac thi
nghiém sau.

3.3. Dic tinh ho4 Iy ciia vat liéu thd va vat liéu t§ hep

L e

4 - o R vt e - (d)

. Hinh 6. Két qua chup SEM:’(a) BC truée hép phuy, (b) BC sau hép phu, )
(c) Than t6 hop v6i nano MgFe204 trudce hap phu, va (d) Than t6 hgp véi nano MgFe204 sau hap phu

Hinh 6 cho thay than thé trudc hap phu phdt phat c¢6 cau triic bé miat c6 dang tdm va 16p, véi cac
canh sic nét va bé mit tuong ddi sach. it co dau hiéu ciia sy bam dinh hodc 1ap day cac 16 xdp, cho thay
vat liéu chwa trai qua qua trinh hap phy. Than tho sau hdp phu phdt phat ¢ su thay doi vé cau triic bé
mit v6i mot s6 phan bi che phi hodc xuat hién 16p ling dong. Piéu nay c¢6 thé do sy hap phu ciia phdt
phat 1én bé mit than, tao ra mot 16p phit méng hodc két tiia. Mot sb khu vue co thé thiy su két ty hodc
hat nho bam trén bé mit. Than sinh hoc t6 hop véi nano MgFe:Os trudc hap phu phdt phat bé mit than
sinh hoc dugc phu boi cac hat nano MgFe>0s, ¢o thé théy su hién dién cua cac hat nho phén tan trén bé
mat. Cau trac bé mit co vé xp hon so véi than thd, diéu nay c6 thé giup tang dién tich tiép xtc va kha
nang hép phu. Than sinh hoc t& hop vé6i nano MgFe:0. sau hép phu phét phat xuét hién nhiéu hat nho
bam trén bé mit, ¢ thé 1a phét phat da dugc hép phu 1€n céc hat nano MgFe2Oa. CAu trac bé mat co su
thay d6i do sy két tiia hodc lap ddy cac 15 xOp boi phdt phat.
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Hinh 7. EDS-Mapping: (a) BC trudc hip phy; (b) BC sau h?ip phu; (¢) BC@ MgFe204 trudce hip phy;
(d) BC@ MgFe204sau hap phu

Két qua EDS-mapping cho thay su ton tai ciia phdt pho (P) trude va sau hdp phu. Ngoai ra, gitra vat
liu chua bién tinh va bién tinh d¢ dang nhan biét dugc sy ton tai cia nguyén tu sat (Fe) va Magie (Mg).
1 4/ﬁ\-“"' Wt C@MgFe.(
25004/ s i‘.}i O

2000 4

Intensity (u.s.)

1500

4 BC
500 W,

0 2 2 4 s e 1w 8
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Hinh 8. Két qua do XRD ctia 2 vat liéu VLHP 1 (BC) va VLHP 2 (BC@MgFe>04)

Phan tich nhidu xa tia X (XRD) duoc sir dung dé kiém tra thanh phan pha ctia vt liéu t6 hop voi
MgFe;O4. Hinh 8 thé hién két qua phén tich XRD cua than sinh hoc tir bi mia va than sinh hoc bién
tinh. XRD ctia ca 2 vt lidu tir khoang 20-30° (2-Theta) thé hién cau tric vo dinh hinh (amorphous) ciia
vat li¢u carbon. Trong khi d6, cac dinh dac trung dugc thé hién déy du & ciu trac tinh thé dic trung cluia
MgFe,04. Cac gia tri 28 & 30,2°, 35,6°, 43,3°, 53,7°, 57,2°, 62,8° va 75,3° tuong quan v4i mat phéng
tinh (220), (311), (400), (422), (511), (440) va (531) ctia cdu triic spinel 1ap phuong cia MgFe,04. Dit
liéu Hinh 8 cho théy than sinh hoc tho tir bd mia da duoc gén nano MgFe>O,4 thanh cong.

3.4. Anh huéng cia pH 1én dung lwgng hip phu phét phat (PO4>)

Do pH dung dich 1a mot trong cac thong s6 dong vai tro quan trong d6i voi qua trinh hép phu. Thi
nghiém nghién ctru anh huong cua pH Ién hi¢u qua va dung luong hap phu PO4* duoc trién khai bang
cach thay ddi cac gia tri pH tir 3 dén 11 ciia méi truong, két qua dugc trinh bay trén Hinh 9.
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Hinh 9. Anh huéng ctia pH dung dich Ién hiéu qud va Hinh 10. Gia tri pHpzc cia VLHP 1 va VLHP 2
dung lugng hap phu phot phat
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Hinh 9 cho thy vat liéu hép phuy than sinh hoc bién tinh (VLHP 2) luén c6 hiéu qua loai bé cao
hon than sinh hoc thé (VLHP 1) trén tat ca cac gié tri pH, cho thdy viéc b sung cac hat nano MgFe:Os4
lam ting hiéu suit hip phu. Hiéu suat loai bo cao nhat xay ra & pH 5. Hiéu suat loai bo ¢6 xu huéng
giam ¢ céc gia tri pH cuc dai (axit va kiém), c6 thé 14 do su thay d6i dién tich bé mat anh huong dén
qua trinh hip phu. Kha ning hap phu tuan theo xu huéng tuong tu nhu hiéu suat loai bo, dat dinh &
pH 6 d6i than bién tinh va 5 d6i v6i than tho. VLHP 2 ludn cho thiy kha ning hap phu cao hon so véi
VLHP 1, x4c nhan tac dung c6 loi cia cac hat nano MgFe:O4 trong vi¢c cai thi¢n hiéu sudt hép phu. Co
su giam dang ké kha nang hap phu & pH 9 va 10, c6 thé 1a do su canh tranh giita cdc ion phosphate va
ion hydroxyl (OH") trong diéu kién kiém.

Giai thich cho co ché hap phu nay 1a d6 pH cia dung dich ciing anh hudong dén hoa hoc bé mat
ctia vat lidu hip phy, thé hién qua gia tri pH tai diém dién tich khong tirc 12 pHpzc, gia tri pHpzc clia
VLHP 1 va VLHP 2 dugc tim thdy 1an luot 12 6,4 va 6,6 (Hinh 10) cao hon so v&i pH ciia tim duge &
trén VLHP 1 1a pH = 6 va VLHP 2 pH = 5, diéu d6 c6 nghia Ia bé mit cta chat hip thu mang dién tich
am do sy khtr oxy cta cac nhom bé mat chira oxy va do d6 thuan loi cho viéc hép phu céc ion cation tir
dung dich 6 pH< pHpzc.

Nhu vdy, pH VLHP 2 = 5 cho két qua loai bo phosphate tot nhat va duoc lya chon cho cac thi
nghiém tiep theo.

3.5. Anh huéng cia liéu hrgng vat lidu hip phu 1én hiéu qua hip phdt phat (PO4>)

Thi nghiém anh huéng cia liéu luong vat liéu hap phu 1én hiéu qua va dung lwong hip phu PO>
dugc thuc hién ¢ méi trudng pH = 5, v6i viée ¢d dinh ndng do PO,> ban dau 1a 50 mg/L, thoi gian tiép
xuc 1a 24 gio, toe do lac 150 vong/phut va luong vat lidu hip phu thay d6i lan lugt 1a 1 g/L; 2 g/L;
3¢g/L;4¢g/L;5g/L; 6 g/L; 7 g/L; 8 g/L. Thi nghiém dugc thuc hién song song trén ca hai loai VLHP 1
va VLHP 2. Két qua thi nghiém duoc thé hién ¢ Hinh 10.

Két qua thi nghiém trén Hinh 11, anh hudng cua liéu lugng chét hap phu dén hiéu qua loai bo 1a
khac nhau. VLHP 2 Iu6n cho théy hiéu qua loai bo cao hon VLHP 1 & moi lidu luong, cho théy viéc bd
sung cac hat nano MgFe204 1am tang hiéu suit hdp phu. Hiéu qua loai bo ting khi lidu luong chat hip
phu ting tir 0,1 mg/L 1én khoang 0,4 mg/L, sau d6 6n dinh hodc dao dong nhe. Két qua nay co thé duogc
giai thich boi hai nguyén nhan chinh. Tht nhét, khi lugng vat liéu hap phu biochar du thira, sy xép
chéng ctia cac hat vat liéu co thé lam giam dién tich bé mat tiép xuc, che lép cac vi tri hép phu va dan
dén hiéu suét hap phu giam. Thir hai, mac du lidu Iwgng chat hip phuy ting, nhung nong do phosphate
trong dung dich van khong ddi, dan dén viéc dung lwong hap phu khong tang twong Gmg khi gia tang
lwong vat liéu. Két qua ndy phu hop véi cac nghién ctru trude day, cho thdy rang viéc toi wu héa liéu
lwong vt liéu hip phu 1a can thiét dé dat hiéu sut hip phu cao nhét [9].

- Do do, lidu luong vét 1i§u hép phu 4 g/L duoc chon la lidu luong vét ligu hép phu phu hop nhét
de tién hanh cac thi nghiém ti€p theo.
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Hinh 11. Anh huong cta licu lugng vat liéu hap phu  Hinh 12. Anh huong cua ndng do phét phat ban diu
den hiéu qua loai bo phot phat dén hiéu qua xtr ly phét phat
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3.6. Anh huéng ciia nong do PO+ 1én hiéu qua va dung lwgng hip phu Phot Phat (PO4>)

Thi nghiém anh huong ciia ndng d6 PO,> ban du 1én hiéu qua va dung lugng hap phu amoni
dugc thyc hién ¢ ndng do PO4* khac nhau lan luot 1a 30 mg/L; 50 mg/L; 70 mg/L; 90 mg/L; 110 mg/L;
130 mg/L, 150 mg/L, 170 mg/L, 190 mg/L va 210 mg/L mdi truong pH = 5, lugng vt liéu hap phu ban
dau 1a 4 g/L, thoi gian tiép xuc 1a 24 gio, tdc do lic 150 vong/phat. Thi nghiém dugc thuc hién song
song trén ca hai loai VLHP 1 va VLHP 2. Két qua thi nghiém duoc minh hoa & Hinh 12.

Tur dit liéu Hinh 12, ¢6 thé thfiy r?mg, VLHP 2 ¢6 hi€u qua xt Iy cao hon VLHP 1 & moi néng do
phosphate. Khi ndng d phosphate ting tir 30 1én 210 mg/L thi hiéu qua xir Iy cia VLHP 1 giam dan
75% dén khoang 60% va hiéu qua xir Iy cia VLHP 2 6n dinh hon, dao dong quanh 85 % dén 90%. Diéu
nay cho thiy vat liéu VLHP 2 c6 kha nang duy tri hi¢u suat xtr 1y t6t hon trong diéu kién ndng d6 chat
6 nhiém cao. Dbi voi dung luong hép phu, ca hai vat lieu VLHP 1 va VLHP 2 déu c6 xu hudng tang
dung luong hép phu khi néng d6 phosphate tang. VLHP 2 hép phu nhiéu hon VLHP 1 tai moi diém, dat
dén gan 35 mg/g & ndng d6 POs* =210 mg/L, trong khi VLHP 1 chi giit khoang 27 mg/g.

Két qua nghién ciru nay 1a boi vi khi sy hién dién cta cac ion PO4* trong dung dich cang it thi cac
vi tri hoat hoa trén bé mat chét hip phu con tréng nhiéu va lvong PO4* khong du dé tuong tac vai cac
vi trf hoat hoa trén bé mit chit héip phuy, do d6, méc du hiéu qua hép phu dat dugc cao nhung dung lwong
hap phu lai thip do ham lugng ion PO4* bi gidi han. Trong khi d6, khi ndng d6 PO, ting thi sy ¢6 mat
clia cac ion PO,> tang, mirc d¢ va kha ning tiép xuc giita vat liéu hip phy va ion PO,* ting 1én nhung
kha nang hip phu cta than giam do cac vi tri hip phu trén bé mat than phai trai qua su canh tranh cao
clia cac ion PO> 1am cho hiéu suit hip phu giam xudng trong khi dung lugng hip phu tiép tuc ting.
Dung lugng hip phu tiép tuc ting dén mot gia tri nao d6 va sé tién t6i gia tri khong d6i do VLHP tién
gan dén trang thai bao hoa. Trong nghién ctru nay, dya trén hidu qua va dung luong hap phu PO.* trén
hai vat liéu duoc khao sat cho thay khi nong d6 PO,> ban dau 14 50 mg/L thi hiéu qua va dung luong
hép phu PO.* 1a cao nhat [9], [10].

Tir d6, ndng d6 PO4* ban dau 50 mg/L s& duoc sir dung cho cac thi nghiém tiép theo.
3.7. Anh huéng cia thoi gian tiép xic 1én hi¢u qua hip phu va dong hoc hip phu

Thi nghiém khao sat anh huong cia thoi gian tiép xtic dén hiéu qua va dung lwong hip phu PO4*
trén hai VLHP 1 va VLHP 2 dugc tién hanh voi cac méc thoi gian thay ddi tir 0 phut dén 720 phut &
nhiét d6 phong, ndng do PO4*> ban dau 1a 50 mg/L, va pH méi trudng duge diéu chinh bang 5; lwong
vt liéu hdp phu dugc cho vao 4 g/L va lic véi toe do 150 vong/phut, két qua thi nghiém trinh bay trong
Hinh 13.
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Hinh 13. Anh huéng ciia thoi gian tiép xuc dén hiéu qua xir Iy phét phat

Hinh 13 cho thiy ca VLHP 1 va VLHP 2 déu c¢6 xu huéng ting dan hiéu qua xur 1y theo thoi
gian, sau d6 dan tiém can dén trang thai bio hoa. Hiéu qua xir Iy ting theo thoi gian va dat trang théi
gan bio hoa sau khoang 360 phut. Sau khoang 360 phut, hiéu qua xir Iy khong ting déng ké, cho thay
hé hép phu di tién gan dén trang thai can bang. Dung lugng hap phu ting nhanh trong giai doan dau
(0 - 120 phut), sau d6 tiép tuc ting nhung voi téc do cham hon. Sau khoang 360 - 720 phut, dung
luong hip phu tién dén gia tri bdo hoa, cho thdy vat liéu khong thé hip phu thém phosphate.
BB@MgFe:0s c6 hi¢u suat xir Iy va dung lugng hap phu cao hon so véi BB, cho thiy sy bién tinh
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v6i MgFe204 giup cai thién kha nang hép phu phosphate. Diéu nay co thé dugc giai thich 1a khi qua
trinh hap phu bét dau dién ra, cac vi tri c6 kha ning hap phu phot phat trén vét liéu con nhiéu, do do,
su tiép xtic gitra vat liéu hap phu va chit bi hap phu dién ra d& dang va lién tuc, Sau mot khoang thoi
gian, qué trinh hip phu dat trang thai bao hoa; cac vi tri c6 kha nang hap phu phosphate da 1ap day
va qué trinh hap phu bi can tro [9], [10].

4. KET LUAN

Nghién ctru nay da phat trién thanh cong mot loai vat lidu hap phu tir phe pham néng nghiép la ba
mia, bang phuwong phéap nhiét phan ¢ nhiét ¢ 300 °C. Vat liéu hap phu ché tao dugc tiép tuc duoc tong
hop thanh c6ng véi nano MgFe,O4 tng dung dé loai bo PO4* trong nudc thai. Két qua cho thay than
sinh hoc bién tinh MgFe,04@BC cho hi¢u qua vugt trgi hon than sinh hoc nguyén so BC. Nghién ciru
da khao sat dwoc cac yéu té anh hudng dén hiéu qua va dung luong hip phu PO, cta vt lidu ché tao
dugc bao gdm anh hudng cua ti 1& nano MgFe>O4 va biochar phi hop 1a 5% (khdi lwong/khdi lugng)
cho hiéu qua t6t nht, anh hudng cua pH phu hop dén qua trinh xr 1y 1a méi truong nude thai trung tinh
hodc ¢6 hudng acid nhe cu thé 1a 5, liéu lwong hép phu t6i wu co vé 1a khoang 0,3-0,4 mg/L, tai d6 hi¢u
qua loai bo dugc t6i da hoa trude khi dat dén diém bao hoa. Sir dung liéu lugng hap phu cao hon khong
cai thién dang ké hiéu qua loai bo va lam giam kha ning hip phuy, cho thiy nén xac dinh pham vi téi uu
dé t6i da hoa hiéu qua vé mat chi phi, ndng do PO4* 6 nhiém trong nudc thai 1a 50 mg/L va thoi gian
tiép xtic 480 phut dé c6 hiéu.

Tuyén b vé déng gép ciia cic tac gia

Lé& Minh Thanh: Lén y tudng va thiét ké phuong phap nghién ctru, phéan tich dit lidu; Nguyén Lan Huong: Xt 1y s6 lidu va thiét
ké phuong phap nghién ctru; Nguyén Quéc Thai: San xuét vét liéu, do mAu. Vi Ta Quyén: San xuat vét liu, do mau, thu thap
két qua; Lé Nguyén Thanh Hang: San xuét vit liéu, do mAu, thu thap két qua.

Tuyén b6 vé xung dét lgi ich

Céc tac gia tuyén bd khong c6 xung dot loi ich lién quan dén viéc thyc hién nghién ciru va cong bé bai béo nay.

Tuyén bé v& sir dung tri tué nhén tao (AI)

Trong qua trinh thyc hién nghién ctru va chuin bi ban théo, cac tic gia khong sir dung cong cu tri tué nhan tao (AI) tao sinh. Cac
tac gia hoan toan chiu trach nhi¢ém v& tinh chinh x4c, tinh toan ven va ndi dung khoa hoc ctia bai bao.

Loi cam on: Céc tac gia xin trén trong cam on Trudng Pai hoc Cong Thuong Thanh phé HS Chi Minh da hd trg kinh phi trong
qua trinh thyc hién nghién ctru.

Théng tin tai trg: Nghién ciru nay do Truong Pai hoc Cong Thuong Thanh phd HS Chi Minh béo trg va cp kinh phi theo Hop
ddng s6 95/HP-DCT ngay 15 thang 08 nam 2023.
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ABSTRACT

STUDY ON SYNTHESIS AND OPTIMIZATION OF PERFORMANCE OF
ADSORBENT MATERIAL FROM NANO-MODIFIED SUGARCANE BAGASSE MgFe;04
FOR REMOVING PHOSPHATE IN WASTEWATER

Le Minh Thanh*, Nguyen Lan Huong, Nguyen Quoc Thai,
Vu Tu Uyen, Le Nguyen Thanh Hang
Ho Chi Minh City University of Industry and Trade
*Email: thanhle@huit.edu.vn

This study investigates the synthesis of a composite material combining biochar derived from
sugarcane bagasse with MgFe.O magnetic nanoparticles as an adsorbent, aiming to optimize adsorption
conditions for treating phosphate pollution in wastewater. The sol-gel method was employed to produce
MgFe204 nanoparticles, followed by the integration with biochar using an ultrasonic device. The effects
of calcination temperature and the biochar-to-nanoparticle ratio were examined. The resulting materials,
both before and after adsorption, were characterized using SEM and EDS-mapping techniques. Results
revealed that the MgFe.O. modified biochar (MgFe.O4@BC) exhibited superior performance compared
to pristine biochar (BC). The study evaluated factors influencing the adsorption efficiency and capacity
for PO+*, including the MgFe:04@BC ratio, solution pH, adsorbent dosage, initial PO+*~ concentration,
and contact time. Findings indicate that optimal performance was achieved at a 5% (w/w)
MgFe:04@BC modification ratio, alongside optimized pH, adsorbent dosage, initial PO+~
concentration, and contact time.

Keywords: Bagasse, biochar, MgFe,O4 nano, phosphate, wastewater.
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