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SUMMARY

RESEARCH FOR Cr(VI) AND Ni(l1) TREATMENT ON COLUMNAR ADSORPTION
MODELS USING MnFe;04/BIOCHAR COMPOSITES FROM COFFEE HUSK

In this study, the composite materials were synthesized by mixed ferromagnetic particles MnFe,O4 and
biochar from coffee husk with the ratio 1:2.5 (g:g). The obtained products were studied to find down the
best technology in columnar adsorption progress by studying the flow (2 + 4 ml/min), adsorbent material
mass (1 + 3 g) and the initial concentration of Cr(VI) and Ni(ll). The columnar adsorption model results
shows that the adsorption capacity of Cr(VI) on the adsorption column is higher than that of Ni(Il). Thus,
when simultaneously adsorbed both Cr(VI) and Ni(ll) on the columnar adsorption model, there was a
competition between Cr(VI) in the form of anion and Ni?* cation. Besides, the adsorption capacity of
Cr(VI) and Ni(ll) of composite materials under columnar adsorption condition was lower than that of
static adsorption. This loss is due to the influence of the flow rate, the influence of the adsorbent column
height.

Keywords: composite, biochar, adsorption, coffee husk, columnar adsorption.

1. PAT VAN BE day [1]. Pac biét Cr(VI) va Ni(ll) 1a nhitng kim
Hién nay, cling véi su phét trién caa cac nganh loai cé tinh ddc cao, dic trung cua nudc thai
cdng nghiép nhu san xuit son va chit nhuom, cdng nghé ma dién. Ham lugng kim loai nang
céc hoat dong khai thac khoang san, ma kim loai, Cr(VI) va Ni(ll) thai ra tir cac phan xuéng ma
luyén kim ... vin d& 6 nhidm ngudn nudc do kim dién ciia mot s6 nha may déu cao hon tiéu chuén
loai nang trén thé gici n6i chung va ¢ Viét Nam cho phép va d6 truc tiép ra mdi truong xung
noi riéng dang ngay cang gia tang. Nudc thai tir quanh hoac da qua xir li so bd nhung chua dat
cac nganh cong nghiép ndi trén c6 chaa nhiéu tiéu chuan qui dinh [2]. Vi vay loai bo cac ion
chat 6 nhidm, dién hinh 12 kim loai ning nhu Pb, kim loai ning trong nudc thai 1a rat can thiét.

Cd, Cr, Ni, Zn, Cu va Fe. Cac kim loai nay C6 rat nhiéu phuong phap dugc ung dung dé xur
khong phan hay sinh hoc va ton tai & song, hd, ly cac ngudn nuée bi & nhidm do kim loai nang
sudi gay tich liiy sinh hoc trong co thé song, dan nhu: két tua, déng tu, trao d6i ion, hap phy, dong
dén nhiéu van dé sic khoe & dong vat, thuc vat két tua va phuong phap sinh hoc... Trong do,
va con nguoi nhu ung thu, nhiém axit chuyén phuong phap hép phu 1a phuong phap dugc

hoa, loét miéng, suy than va ton thuong trong da
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danh gia cho hiéu qua xir ly tbt vé6i hiéu suit hap
phu cao, chi phi thap va quy trinh don gian [3].
C6 2 ky thuat hap phu thuong duoc sir dung la
hap phu dang meé (hap phu tinh) va hap phu dang
cot (hap phu dong). Tinh wu viét cia ky thuat
hap phu dang cot d6 1a c6 thé xac dinh dwoc thoi
gian hoat dong ciia mot cot hap phu tir cac sb
liu thuc nghiém, danh gia sy hao hut dung
luong hap phu khi str dung phuong phap dong
chay so vé&i dung lugng hap phu tai thi nghiém
tinh [4]. Chinh vi vay, k¥ thuat hap phu dang cot
duoc tng dung rong réi nhat trong nghién ciru
vé hap phu dé xir ly cac chat 6 nhidm trong nudc
thai.

Vat ligu MnFe;0; Véi cac dic tinh ndi troi nhu
dd tir hoa bdo hoa cao, do bén tdt va hoat tinh
xUc tac cao dugc st dung lam chat hap phu hiéu
qué loai bo cac chat gay 6 nhiém khoi dung dich
nuéc [5]. Do do, vat liéu nay va céc vat liéu dan
XUt cua chung di duoc st dung lam chét hip
phu hiéu qua dé loai bo céc ion kim loai ning,
thuéc nhudm, thudc trir shu va céc chat gay 6
nhiém khac [5-7]. Két qua nghién ctu hip phu
& diéu kién tinh cho thdy vat liéu to hop
MnFe,Ou/biochar tir vo qua ca phé (MFO/BC)
c6 kha ning hap phu ddng thoi ca hai kim loai

nang Cr(VI) va Ni(Il) trong moi trudng nudc [8].

Chinh vi vay trong nghién ctu nay vat liéu to
hop MFO/BC duoc sir dung dé hap phu Cr(VI)
va Ni(Il) trong nuéc thai ma dién trén md hinh
hip phu dang cot.

2. PHUONG PHAP NGHIEN CUU

2.1. Hoa chit va thiét bi thuc nghiém

Hoéa chét: Cac hda chét chinh dé ché tao vat liéu
t6 hop MnFe,04/BC bao gom: Mangan clorua
(MnCly), sit 111 clorua ngam 4 phan tir nudc
(FeCls.4H,0), natri hidroxit (NaOH) 96% va
biochar tir vo qua ca phé. Dé danh gia kha ning
hap phu Cr(VI) trong nuéc thai ma dién cua vat
ligu can thém nudc cit, HsPO, 95%, thude thir
dimetylglyoxim 1,2%.

Nudc thai ma dién dwoc lay tai bé thu gom nudéc
thai trudc hé thong xur ly cua Cong ty TNHH
MTV Thién Mi Vinh Phac (Phuong Khai
Quang, TP Vinh Yén, tinh Vinh Phuc) vai mot
s6 chi tidu co ban sau: pH = 4,12+5,35; TSS =
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10+15 (mg/l); Ni** = 7,56+12,86 (mg/l); Cré* =
6,36+15,52 (mg/l).

Thiét bi: May khudy tir IKA, ta siy Memmert,
may quay li tdm, may do pH cam tay Hach-
HQ40d, may quang ph6 UV-Vis JASCO V770
(Nhat Ban), may do phd hap thy nguyén tir AAS
~ novAA 400P (Puc), may do phé IR IMPAC
410-Nicolet (butc); may FESEM Hitachi S -
4800 (Nhat), thiét bi do dién tich bé mat BET -
Micromeritics TriStar 3030 (MyY).

2.2. Quy trinh ché tao vat liéu té hop

Ché tao vat liéu t6 hgp MFO/BC bang phuong
phap hai budc (dong két tua va thuy nhiét) véi
céc tién chat ban dau la MnCl.4H,0;
FeCls.6H20; NaOH va biochar tir vo qua ca phé
(BC).

Budge 1: Cac dung dich mudi MnCl2.4H,0 va
FeCls.6H,0 duoc tron 13n theo ti 1& mol
Mn2*:Fe3* = 1:2 va khuay tron véi dung dich
NaOH 2M bang may khudy tir gia nhiét vai toc
dd 6n dinh ¢ 80°C trong 90 pht [9], thu dwgc
chit ran két tia mau den 1a MnFe,04 (MFO).
Loc, rira két tia bang nudc cat dén pH = 7 rdi
say & nhiét 6 80°C trong 24 gio.

Budc 2: Tron cac hat MFO voi BC theo ti 1€
1:2,5 (g:g). Sau d6 thém 70 ml nuéc cét va
khuay hdn hop trong 3 gio & nhiét d6 phong roi
cho vao binh thuy nhiét. Phan tng & diéu kién
200°C trong 12 gio [9]. Dé ngudi va ria két taa
bang nudc cat dén pH = 7. Cudi cing say san
pham & nhiét d6 80°C trong 24 gid, ta thu dugc
vt liéu t6 hop MnFe,04/BC.

2.3. M6 ta thi nghiém hap phu trén thiét bi
dang cot

Cot hap phu la mot dng hinh try bang nhya PVC
trong sudt, c6 dudng kinh d = 1,1 cm, chiéu cao
H =30 cm. Trong cot hap phu bao gom vit liéu
t6 hop MFO/BC va bong thuy tinh dwoc nhdi
phia trén va phia dudi dé tranh vat liéu bi troi
khoi cot (hé hap phu dang cot dwoc bd tri nhu
trong hinh 1). Vit liéu t6 hop dugc lam w6t
trudce khi tién hanh nhdi vao cot. Nudéc thai chaa
ion kim loai nghién ciru c6 nong d¢ ban dau Co
dugc cho chay qua cot hip phu theo chiéu tur
dudi lén trén thong qua bom dinh lugng (luu
lwong max 7 L/h) dé cb dinh téc d6 dong vao.
Ctr sau thoi gian 120 phat thi mau nudc thai dau



ra duoc Iéy di xac dinh néng do ion kim loai
nghién cuu.

Bom nuéc thai

Thimg
chira mzée
sau xir Iy

Hinh 1. Hé cét hap phu theo phwong phdp hdp
phu dong
Tién hanh danh gia kha niang hip phu Cr(VI) va
Ni(Il) cua vat lisu MFO/BC trén cot hiap phu
théng qua nghién ciru anh huong cua cac yéu to:
luu lugng dong chay, khdi lugng chat hip phu
va nong do6 ban dau caa Cr(VI) va Ni(ll).
Nghién cau ¢ diéu kién nao thi gia tri cua diéu
kién d6 dugc diéu chinh theo mot thang, cu thé:
luu lugng dong chay 1a 2; 3 va 4 ml/phat; khéi
lwong chat hap phu 1a 1; 2 va 3 gam; nong do
dung dich ban dau (d6i véi Cr(VI), Co = 5,12
mg/l va 9,95 mg/1, d6i vai Ni(Il), Co = 5,25 mg/l
va 8,82 mg/l); cac gié tri khac cb dinh, pH cua
dung dich nudc thai khong diéu chinh (pH =
4,12+5,35). Sau khi hap phy, xac dinh Ni(ll) &
bude séng 550 nm, dwdng chuan y = 0,1194x +
0,002 véi R? = 0,9999; xac dinh Cr(VI) & buéc
song 540nm, dudng chuan y = 1,6984x —0,0009
v6i R? = 0,9994. Mdi thi nghiém lap lai 3 lan,
liy két qua trung binh dé danh gia.
3. KET QUA VA THAO LUAN
3.1. Pic diém, cdu tric bé mat vat ligu té
hop MFO/BC
3.1.1. Pic diém phé hong ngogi IR
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Hinh 2. Phé IR cua biochar (a), vdt liéu nano
MnFe;04 (b) va vt liéu té hop MFO/BC (c)
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Két qua trén Hinh 2 cho thiy vat liéu MnFe,04
ton tai trong compozite qua cac dao dong cua
nhdm O-H tai vi tri 942 va 3439 cm; dao dong
cua nhom C=0 tai vi tri 1639 cm; dao dong
cua nhém C-H tai vi tri 1536 cm™; dao dong cua
nhém O=C=0 (CO; trong khdng khi) tai vi tri
2361 cmt [6, 10, 11]. Ngoai ra con quan sét thiy
cac dao dong xung quanh sb séng 449-597 cm'?
trong mau MFO va miu té hop, ngudn gbc cua
cac dao dong nay dic trung cho lién két Fe-Mn—
O trong vat liéu [10, 11]. Trén phé hong ngoai
ctia vat ligu té hop MFO/BC ngoai cac dao dong
dic trung cua vat lieu MFO con xuat hién thém
cac dao dong dac trung cta biochar tir vo qua ca
phé nhd dao dong cia nhdm C=C tai vi tri 1334
cm't; dao dong cua nhém C-O tai vi tri 1069 cmr
1712]. Két qua nay cho thiy, vat liéu tong hop
ton tai & dang té hop/lai h6a (MFO/BC).
3.1.2. Hinh d@nh SEM ciia vt ligu t6 hep
Két qua anh SEM trén Hinh 3 cho thiy hinh théi
hoc bé mit cua vat liu MnFe 04 thay doi dang
ké khi to hop vé6i biochar tir vo qua ca phé. T
Hinh 3b cho thy cac hat MFO ¢4 hinh dang gan
nhu hinh cau véi d6 dong nhét cao, kich thudc
hat c6 thé dat khoang 10-30 nm va c6 sy tich
tu/co cum lai véi nhau. Sau khi duoc té hop véi
biochar (BC), c6 thé quan sét thdy cac hat MFO
dugc bao phi bai cac 16p mau den va cac hat sit
tir phan tan déu hon, hinh dang khong dong nhat
(Hinh 3c, 3d).
(a)

9
LS

Hinh 3. Anh SEM cua vé qud ca phé (a),
MnFe,O, (b) va compozit MFO/BC (c, d)
3.1.3. Két qud xdc dinh dign tich bé mgt riéng

ciia vt ligu té hop
Két qua do dién tich bé mat riéng bang phwong
phép BET cua cac vat liéu trong Bang 1 c6 thé



thy dién tich bé mat riéng cua vat liéu t6 hop
MFO/BC tang cao so Vi vat liéu nano MFO va
BC, két qua nay ciing cho thiy sy twong dong
Véi quan sat trén anh SEM cua céc vat liéu. Cu
thé, dién tich bé mat riéng cua vat lieu BC, MFO
va vat liéu t6 hop MFO/BC lan luot 12 4,85 m%/g;
63,77 m?/g va 98,46 m?/g. Piéu nay co thé giai
thich rang, & day biochar ¢ vai trd ngin chin
sy tich tu/co cum cua cac hat nano ferit tor MFO
va ddng thoi tao ra 16p bao vé bé mat cac hat
nano trong moi truong axit tranh bi oxy hoéa, do
d6 dién tich bé mat riéng cua vat liéu t hop ting
cao so vai vat liéu nano MFO. Két qua nay ciing
gidng véi xu huéng ma cac nghién ctru trude do
duara[l3, 14].
Bang 1. Két qua xdc dinh dién tich bé mat
riéng cua vdt liéu

Al 1eA Dién tich bé mat rién
Vatlicu BET (m%g) ¢
BC 4,85
MFO 63,77
MFO/BC 98,46

Nhu vay, qué trinh tron biochar véi cac hat sit
tir MnFe,O, di 1am ting dién tich bé mat riéng
cua c4c hat sit tir va lam ting cac nhém chic
chtra oxi nhu carboxyl (COOH) va hydroxyl
(OH) trén bé mat vat liéu, do d6 vat liéu t6 hop
MFO/BC c6 kha ning hap phu cac ion kim loai
dé dang hon.
3.2. Két qua nghién citu md hinh hap phu
dang nhiét Langmuir ciia quéa trinh hap phu
Cr(VI) va Ni(ll) trén vit li¢u té hop
Két qua thyc nghiém khao sat kha nang hap phu
Cr(VI) va Ni(ll) theo ndng d¢ trén vat liéu to
hop MFO/BC trong hap phu tinh cho thiy md
hinh hdp phu déng nhiét Langmuir 12 md hinh
thuan lgi mo ta qué trinh hap phuy ion kim loai
nang Cr(VI1) va Ni(ll) trén vat liéu to hop, voi
gia dinh rang bé mat hip phu chi cd thé xay ra ¢
I6p don 16p bé mat va sy hap phu xay ra dong
nhat. Céc théng sb trong md hinh hap phu dang
nhiét Langmuir dugc thé hién trong bang 2.
Bdng 2. Cac thdng so trong md hinh hdp phu
ddang nhiét Langmuir

|
9n Phuong trinh 2 | O max KL
kim L, R
loai dang tuyen tinh (mg/g) | (L/mg)
Cr(VI1)|y = 0,048x +0,019| 0,984 | 20,83 | 2,53
Ni (1) |y = 0,042x + 0,051/ 0,998 | 23,81 | 0,82
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Két qua trong bang 2 cho thiy dung lugng hap
phu Cr(VI) va Ni(ll) cuc dai cua vat liéu t6 hop
MFO/BC lan luot 12 20,83 mg/g va 23,81 mg/g.
Khi so séanh vai cac vat liéu cé quy trinh ché tao
tuong tu cho thiy: dung lwong hap phu Cr(VI)
cia MFO/BC cao hon vat liéu Nanocompozit
Fe304/CS (Qmax = 13,4 mg/g) [15], nhung van
thip hon vat liéu nano t6 hop Magnetic chitosan
(Qmax = 55,8 mg/g) [16]. Véi dung luong hip
phu nay 13 chua cao nhung vat liéu t& hop
MnFe,O4/biochar tir vo qua ca phé c6 quy trinh
ché tao don gian va c6 kha nang hap phu dong
thoi ca hai kim loai nang Cr(V1) va Ni(ll) trong
mdi truong nudc. Nhu vy, vat lieu to hop
ching t6i ché tao dugc c6 thé duoc coi 1a vat
liéu c6 hiéu qua xir Iy mdi truong kha tot.

3.3. Cac yéu té anh hwong dén kha ning hip
phu ion kim loai nang trén mé hinh hap phu
dong.

3.3.1. Anh hwéng ciia lvu lwong dong chay.
Két qua trén hinh 4 cho thay khi luu lugng dong
chay cang Ién thi thoi gian hdp phu bdo hoa
cang nho. Déi vai Cr(VI): thoi gian bdo hoa la
2160 phat véi Q = 2 ml/phat; 1680 phat véi Q
= 3 ml/phat; 1320 phat véi Q = 4 ml/pht,
tuong tng véi dung lwong hip phu cua cot giam
tir 66,99 mg/g xubng con 36,99 mg/g. Do Vi
Ni(11): thoi gian bdo hoa 1a 1920 pht véi Q = 2
ml/phat; 1440 phat véi Q = 3 ml/phat; 1200
phat véi Q = 4 ml/phat, twong ung vai dung
lvong hip phu cua cot giam tr 34,63 mg/g
xudng con 23,57 mg/g. Piéu nay cé thé duoc
giai thich nhu sau: khi Iuu lugng dong chay nho
(van téc dong chay nho) thoi gian tiép xuc gitra
vat liéu hap phu va chit bi hap phu 16n, lam ting
kha ning hap phu din dén hiéu suat hap phu cua
cot hap phu ting 1én. Vi vay Q = 2 ml/phit duoc
chon cho céc thi nghiém tiép theo.

3.3.2. Anh hwéng ciia khoi lweng vit liéu hap
phu.

Két qua thuc nghiém trén hinh 5 cho thy, khi
tang khdi lugng chat hap phu tir 1,0g; 2,09 va
3,0g (twong wng Véi chiéu cao cot 1a 4,2; 8,4;
12,63 cm) thi lwgng Cr (V1) va Ni(II) twong ttng
sau khi ra khoi cot hap phu & cling mot thoi diém
giam. Chiéu cao cot cang ting thi dung lugng
hip phu cuia cot tang, twong (ng véi dung luong
hdp phu Cr(VI) ting tir 16,5 mg/g dén 109,4



mg/g va dung luong hip phu Ni(Il) ting tir
20,36 mg/g dén 50,48 mg/g. Biéu nay ching to
chiéu cao cot da anh huong rat 16n dén qua trinh
hap phu va lam thay ddi thoi gian hap phy béo
hoa. D& dam bao hiéu suat hap phu caa cot 12 toi
wru va chi phi cho vat liéu khdng cao, khdi luong
vt liéu hap phu m = 2,0 g duoc chon dé sir dung
cho cac thi nghiém tiép theo.

3.3.3. Anh hwéng ciia nong dp dung dich ban
dau.

Thi nghiém duoc tién hanh véi téc d6 dong chay
Q = 2 ml/pht, khdi lugng chat hap phu trong
cot 1a 2,0g. Két qua trén hinh 6 cho thay: khi
ndng d6 dung dich ban dau cao thi lwgng Cr (VI)
va Ni(II) twong trng sau khi ra khoi cot hip phu
& cung mot thoi diém tang va thoi gian hoat
dong cua cot hap phu thap hon. Cu thé, ddi véi
Cr(VI) thi thoi gian hip phu bdo hoa la 2760
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phit & ndng d6 dung dich Co = 5,12 mg/L, con
& ndng dé dung dich Co = 9,95 mg/L la 2160
phit; con dbi véi Ni(Il) thi thoi gian hap phu
b&o hoa 1a 2640 phit & nong d6 dung dich Co =
5,25 mg/L, con & nong 6 dung dich Co = 8,82
mg/L 13 1920 phut. Nhu vdy, ndng dé dung dich
ban dau thap s& phd hop hon véi qua trinh hap
phu trén cot bai vi higu suit hap phu cao hon va
thoi gian thay vat liéu lau hon. Diéu nay c6 y
nghia vé mit kinh té ciing nhu y nghia bao vé
mdi truong cao. Két qua nay ciing phu hop véi
két qua nghién ctru dong hoc hap phu cua qué
trinh hap phu Ni(ll) trén vat lisu MFO/BC &
diéu kién tinh [8]. Nghia 13, ndng dé dung dich
ban dau thip hon thi tbc d6 hip phu ban dau dién
ra cham hon va thoi gian hip phu bao hoa ciing
lau hon.
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Hinh 4. Puong cong thoat ciia Cr (V1) (a) va Ni(ll) (b) tai cdc luu hrong dong chdy khac nhau, nong dg
ban dau cua Cr (V1) 129,95 mg/L; nong dg cua Ni(ll) 1a 8,82 mg/L; khéi lwong chat hap phu 2,0 g
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Hinh 5. Buong cong thodt cua Cr (VI) (a) va Ni(Il) (b) tai cdc khoi luong chat hdp phy khdc nhau; heu
lwwong dong chay la 2,0 ml/phiit, nong dg ban dau ciia Cr (VI) la 9,95 mg/L; nong dé ciia Ni(ll) la 8,82 mg/L
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Hinh 6. Puong cong thoat ciza Cr (V1) (a) va Ni(ll) (b) tai cac nong dé dung dich khdc nhau; leu heong
dong chay 1a 2,0 ml/phut; khoi lirong chat hap phu 2,0 g

4. KET LUAN

Tur ngudn nguyén liéu phé thai néng nghiép ré
tién, sdn c6 chdng toi di ché tao thanh cong vat
liéu t6 hop gitra MnFe,04 va biochar tir vo qua
ca phé, c6 kha nang hap phu ddng thoi ca hai
ion Cr(VI) va Ni(ll) trong nuwdc thai ma dién.
Két qua nghién ciru trén md hinh hap phu dong
cho thay kha niang hap phu Cr(VI) trén cot cao
hon so véi hap phu Ni(II). Nhu vy, khi hap phu
ddng thoi ca Cr(VI) va Ni(11) trén md hinh hap
phu dang cot da xay ra su canh tranh gitra Cr(V1)
& dang anion va cation Ni?*, Bén canh do, kha
nang hap phu Cr(V1) va Ni(ll) cua vat ligu
MFO/BC & diéu kién hap phu dong kém hon so
véi hap phu tinh. C6 su hao hut nay 1a do anh
huong caa Iuu lugng dong chay, anh huong cua
chiéu cao cot hap phu. Két qua nay ciing mo ra
trién vong ung dung vat liéu t6 hop gita
MnFe,04 va biochar tir vo qua ca phé trong linh
vuc Xt Iy méi truong nude noi chung va nudgc
thai ma dién noi riéng.
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