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SUMMARY:
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FABRICATION OF MAGNETIC IRON OXIDE NANOPATICLE / EANUT SHELL

FOR REMOVAL OF COLORED ORGANIC COMPOUNDS

This paper presents a study on producing adsorbent materials from nano Fe O, impregnated onto
peanut shell and factors affecting on adsorption efficiency some colored organic compounds. The
results revealed that Fe O,/ peanut shell exhibited as efficient adsorbent in removing methylene blue
and methy! orange from aqueous solution. in addition, the factors affecting the adsorption process,
such as adsorption equilibrium time; pH environment; concentration of organic compounds, were
addressed. Both Langmuir and Freundlich isotherm models were fitted well equilibrium dara. The
kinetics of the adsorption follows a pseudo-second order model. Maximum Langmuir adsorption
capacities of Fe, O,/ peanut shell are q__(MB) = 153,85 mg/g and q__ (MO} = 176,74 mg/g.

Key words: Modified peanut shell; nano Fe O, adsorbent; methviene blue,; methvi orange.

I. PAT VAN DE

Trong nhiing nam gan day cung vdi sy phat trién cia
8n ¢Ong nghiép, cac nha méay khu ché xuat ngay cang
tang. MOi nam nhing nha may, khu ché xuat ndy thai ra
Tt lgng nude thai (@n gay 6 nhiém modi tiding. Nudc
& 12 nudc ¢6 nganh cong nghigp dét nhudm phat trién vi
vdy hang nam nudc thai cha nganh céng nhiép nay chiém
1t [dgng dang ke. Lugng nudc thai ndy chiia nhidu chat
Wu ¢ mang mau doc hai, néu khong duge xu Iy trigt dé,
5& gdy & nhiém ngudn nudc va anh hudng dén sdc khoe
>on agudi[1).

Hign nay, ¢6 nhiéu phudng phap khac nhau dé loai bd
>ac chat hifu co mang mau ra khoi méi trédng aude nhr:
him thiu ngugci2], keo ty[3). quang phan hiyf4] hoac

hap phy... Trong dé hdp phy 1a mdt trong nhitng phudng
phap c6 nhiéu uu diém nhy vat lisy sU dung iam chét hip
phu tyong ddi phong phi, dé diu ché, chi phi thdp, than
thign vdi mdi trudng. Chinh vi vay day 13 van dé da va dang
dugc nhiéu nha khoa hoc quan tdm, nghién ciiu. Trong finh
vifc xUf ly mdi truong, ta c6 thé su dung vét liéu ty nhién
(d4 ong{5]. quang sit, d4t bazan. .) hay vét liéu ché tao
t phy pham ndng nghiép nhy vo lac[6, 7, 8], vo trau[9),
than sen[10]...nhUng loai vat lidu nay déu dé kiém, ¢6 gid
thanh ré va than thién vdi méi trudng.

Trong bai bao nay, ching t6i trinh bay két qua nghién
cifu phan tan nano Fe 0, trén v lac d€ lam vat liéu hip
phy xanh methylen (MB) va metyl da cam (MO).

11. THYC NGHIEM

2.1. Ché tao vit ligu hip phu

Bién linh vo lac: Vo lac sau khi rifa sach, phi kho,
1ghién min, dudc ngam trong dung dich NaOH 0,1M trong
48h, sau 00 rifa lai bang nudc ¢4t nhiéu ian va ngam trong
jung dich axit citric 55% trong 48h (vat liéu hdp phy MO
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khéng qua budc nay). Tiép theo, loc vat lieu va sdy kho d
80°C trong 12h réi ndng nhiét do [én 120°C trong 3h dé
thige hién phan Ling este hda xenlulozo bing axit citric. Vo
lac sau bién tinh dé ngudi, ngam trong nudc cat trong 4
h @8 loai bé axit citric, 1o¢ rifa nhiéu lin bAng nude cit va

sy 6 60°C trong 6 h.



Tong hyp nano Fe,0, bang phuong phap dong két
tua(11) tif dung dich FeCl, 0,05 M + FeCl, 0,1M bang
cach thém t t dung dich NH, dam d4c 25%. Két tia duge
loc ifa nhiéy 14n biing nuoc cdt sau 46 sdy khd & nhiét dd
40°C trong 12h.

Tang hop vat ligu v6 lac phd nano Fe,0,: Khudy déu
160m! dung dich FeCl, 0,05M + FeCl, 0,1M bing méy
khudy ti¥ gia nhiét d 80°C trong 15 phtt. Nhé tuf to 25mi
dung dich NH, 25% @ 80°C trong 30 phit. Thém 59 vo
lac bién tinh v4 tiép tyc khudy trong 30 phit & 80°C. Lam
ngudi hon hgp dén nhiét b phong rdi loc ra nhiéu tan
bang nudc cat. Sdy chat rdn thu dudc d 40°C trong 20h
dugc vat ligu vo lac phd nang fe,0,.

Vat liéu sau khi tong hgp dugc xéc dinh cac dic Wung
hoa ly bng phudng phap nhiéu xa tia X, phd IR, chyp anh
TEM, SEM.

Diém ddng dign cua vat libu (pH) dude x4c dinh bang
cach cho 0,29 vat liéu vao 100m! dung dich NaCl 0,1M c6
pH = 2 - 12. Xac dinh i pH cua dung dich sau 48 h. Tu
40 thj phy thu(c cda ApH vao pH xac dinh duge pH,.

2. Hap phy MB va MO

Cho 0,03 g vat lifu vao 25ml dung dich MB va MO c6
ndng 46 G mg/L, khudy blng may khdy tif trong t phit, t6c
@ 200 vong/phit. Sau khi h3p phy, loc iy dung dich va xac
dinh ndng d9 hgp chdt mau bing phuong phap do quang.

Hiéu suft qua trinh hip phy va dung lugng hdp phy
dudc tinh theo cong thikc:
¢, -C (c,-c, W

H= 100% VA g =

trong d6: C,; C, J4n lugt 12 ndng 4§ dung dich tnidc va sau
khi hap phy {mgA); H Ia hiéu sudt hdp phy (%); q la dung
lugng hdp phu (mg/g); V: thé tich dung dich (I); m: khdi
Iigng vat Jiéu hap phy {g).

C4c yéu 16 anh hudng dén qua trinh hdp phy duge khao
sat bao gbm pH dung dich (pH = 2-8), thdi gian hdp
phu (t = 30 + 180 phut) va ndng 90 ddu cac chdt mau
(C = 50-300 ppm).

HIL KET QUA VA THAO LUAN

1. Bic trung ly héa cua vit lig¢u

Phan tich gian d6 nhiéu xa tia X clia nano oxit st tif cho
thdy, ¢6 xuat hién cac pic dac tning tai goc 20 1a 30.4°;
35.8% 43,5° 54,1°; 57 4° va 62,7° tyong ing vdi cac mang
{220), (311), (400), (422), (511) va (440} thudc cdu tnic
spinel dao cua tinh thé Fe,0, (di liéu JCPDS 01-076-
7165) (Hinh 1).
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Hint 1. Gian d6 XRD cia nano Fe,0,

Két qua chyp anh TEM cho thay, vat liu Fe,0, c6 dang
hinh cdu, kich thuéc ¢d 10-20 nm, nhiing dinh vdi nhau
thanh ting dam (Hinh 2}.
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Hinh 2. Anh TEM cia nano Fe,0,

Anh chyp SEM cho thdy, bé mat v6 lac ¢6 hinh dang
x0p, nhidu hdc, ranh, trong khi Fe,0, gdm nhiéu tinh thé
ahd, t0i x6p. Sau khi phan tan Fe,0, Ién vo lac, bé mat vo
13c trd nén pham hon vdi c4c tinh the nhd bam 18n trén bé
mat (Hinh 3).

Hinh 3. Anh SEM ciia vd lac (a); Fe,0, (b)
vd vo lac phu nano Fe 0, {c)

Két qua xac dinh diém dAng dién cua vat ligu cho \hay,
pH, (¥d lac phi Fe,0,} = 45 < pH, (Fe,0,) = 5,5 < pH
(vo lac) = 5,8.

Nhu vay sy phan tan Fe,0, trén bé mat vé lac lam giam
dang ké pH, cia ca 2 vat lieu ban d3u. Diéu nay ggi y ring
c4c hat nano Fe,0, c¢ thé khong ddn thuin pha (én trén bé
mat vo lac ma c6 kha ning 44 tao lién két vi cAc nhom
chuc cua vé lac.

Hoéa hoc & Ung dung
NN icoB)/ 5-2092




2. Tham do kha nang hap phy cia vit li¢u

Vit liéu hdp phy sau khi ¢hé tao duge dem this kha nang
hdp phy chat mau hdu cd. Hiéu suat hap phy MB va MO
{150 ppm) sau 120 phit duge trinh bay @ Hinh 4.
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Hinh 4. Hidu sust hip phy MB va MO

K&t qua tham do cho thdy ¢4 3 loai vat liéu: vo lac bién
tinh, nano Fe.0, va ¥4 lac phi Fe,0, déu ¢t kha nang hip
phuy tdt c& MB Ian MO. Trong d6 v lac cho hiéu suat hip
phy thap nhét va vo lac phy Fe,0, cho higu sudt hdp phy
cao nhat, dat hon 75% doi vdi MB va 85% ddi vdi MO. Diéu
ndy ¢ thé dugc giai thich [a do cac tinh thé Fe.0, khi phan
tan vao trong cac hang hdc cia vo Jac, khéng nhing lam
ting dién tich bé mat cOa vat liéu ma ban than ¢ac tinh thé
sé dong vai trd 1a c4c tam h&p phy nén [am tang kha nang
hdp phu cua vé lac.

3. Khao sét qua trinh hip phy MB va MO

3.1, Anh hudng ciia pH

Két qua thyc nghiém cho thdy, pH mdi trudng &nh
hudng khac nhau dén khd nang hdp phu MB va MO cua
vét ligu v lac mang Fe.0, (Hinh 5). D6i v6i MB ting pH tif
1 dén 7 dung Iugng hap phy tang manh, satt d6 gin nhu
khong adi, trong khi 46 v6i MO dung lugng hip phy dat
cyfc dai tai pH = 2.
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Hinh 5: Anh hudng cua pH dén dung fgng hap phu MB va MO

Nhu da biét, trong moi trudng nudc MB tdn tai @ dang
cation, con MO tn tai chl yéu ¢ dang anion khi pH > 4,4,
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khi pH < 3,1 MO bi proton hoa va ton tai chu yéu & dang
trung hoa. Trong mdi trudng pH > pH = 4.5 vt liéu bi
deproton hoa va mang dién tich 4m nén qua trinh hip phy
cation MB dién ra thuan Igi hon so vdi qua tinh hap phy
anion MO. Do vy dung igng hdp phy MB cua vat iy cao
han dung lugng hap phy MO. Ngudc lai trong méi trudng
pH < pH, vat liéu bi proton hoa va mang dién tich ducng,
tuong tac ddy can trd qua trinh hdp phy cation MB nén
dung lugng hdp phy MB trong mai tridng axit nho. MO
trong khoang chuyén mau pH 3+ 4 tn tai d ¢4 dang anion
va dang trung hoa, do vay qué trinh hdp phy tuong ddi
thuan Igi. Tuy nhién khi pH < 2 qua trinh proton hda dién
ra manh mé ¢an trd qua trinh hap phy nén dung lugng hip
phy MO ¢6 xu hudng giam dén.

Vi vy pH mdi trudng phu hgp cho qud trieh hip phy MB
va MO cuia vb lac mang Fe,0, lin gt A pH = 7 vapH = 2.

3.2. Bong hoc cua qua trinh hap phy
Bdng hoc cla qua trinh hp phy MB va MO bdi vo lac
mang Fe,0, dudc danh gia thong qua hai md hinh ddng
hoc biéu kién bac nhét va bac hai [12]:
In(g,-q) = Ing, - k1

! 1 t

— T — . —

Q1 qu: ql

Trong d6. g, va g,1a dung ugng hip phy & thoi diém
can bang va & thai digm t (mg/g); k, k, (4 hang s6 téc 66
cUa qué trinh hdp phy biéu kién bac 1 (phut*) va bac 2 (g
mg’ phat’).

Dé danh gia mifc d6 phu hgp cda cac md hinh ddng
hoc d6i vdi 58 tidu thyc nghiém, xéc dinh sai s trung binh
tudng 4di:

Mow Ve
ARE(%)= ——— . 100%

-

Trong d6, q, . 4, ,,, ' dung lugng hdp phy cin bing
theo tinh toan va theo thifc nghiém,

Tif 56 liéu vé anh hudng cla thyi gian dén dung lugng
hép phy cua vat liéu xay dung d6 thi mé ta ddng hoc hép
phy biéu kién bac 1 va bac 2 (Hinh 6).

Hoi quy tuyén tinh thu dugc c4c phuang trinh:

Bac 1 (MB): y = -0,0132x + 3,0615. R? = 0,840

Béc 2 (MB): y = 0,00998x + 0,08264, R* = 0,999

Bac 1 (MO): y = -0,0149x + 3,5609, Rz = 0,615

Béc 2 (MO): y = 0,0087x + 0.1148, R = 0,994

Ti c4c gid trj 49 d6c va doan cAt vdi tryc tung cla c4c
dudng tuyén tinh, xac dinh cac gid tri k. k,, q, , va ARE

{Bang 1}).
O
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Hinh 6. ©6 Ihi md 14 dong hoc hap phu biéu kién bac 1 (- - -
va bac 2 (....) cba qua trinb hdp phu MB va MO

Bang 1: Cac tham si cla phuung trinh déng hoc biéu kién

bac 1 va bac 2
Mb hinh k R? Q.. ARE {%)
M8 Bac 1 0,0132 | 08399 | 21,36 78,00
Bac 2 0,012 | 0,9985 | 100,20 319
MO Béc 1 00149 | 06151 | 35,19 67,71
Bac2 | 0,0075 | 0,9935 | 114,94 545

CAc phudng trinh hdi quy tuyén tinh thu dugc:

+ Theo Langmuir;

MB: y = 0.0065x + 0,1419, R* = 0,996

MO: y = 0,0057x + 00675, Rz = 0,995

+ Theo Freundlich:

MB:y = 0,4119x + 1,2871, Rz = 0,945

MO:y = 0,3917x + 1.4665, R? = 0,946

Nhu ¥ay qua trinh hdp phy MB va MO bdi vo lac mang
F8304 phi hdp v6i ca hai mé hinh dang nhiét. Tuy nhién
muc dé phi hgp vd mo hinh Freunlich (R? = 0,95) kem
hon so vdi md hinh Langmuir {R? = 0,99). Biéu nay chimg
td cac tdm hap phy trén bé mat vat liu nay tudng déi dong
nhat va hién tudng hdp phu don 16p chiém uu thé han.

TUt cac phudng trinh ddng nhiét xdc dinb gid tri dung
lugng hép phu cuc dai q__; hang s6 Langmuir K ; K, hing
s6 Freundlich va hé s di thé n nhif Bang 2.

Bang 2: Cac tham s d4ng nhiél dang tuyén tinh

Thuc nghiém cho thay, ddi vdi c& MB va MO md hinh
dong hoc biéu kién bac hai cd céc hé sd tin ciy (R?) gin
bang 1 va sai G trung binh tuong ddi nho. Ti do 6 thé
cho rAng mé hinh diing hoc biéu kién bac hai md ta qua
trinh hap phy phis hgp hon so v6i mé hinh biéu kién bic
nhdt. Hang s6 t6c d¢ hdp phu bac hai cia MB 16n hdn cua
MO chung td qua trinh hép phy MB trén va lac mang Fe,0,
dién ra nhanh hon so véi MO.

3.3. Phuang trinh hap phu dang nhigt

Tu cac G ligu thile nghiém vé anh hudng cla ndng dd
dau MB va MO dén dung iugng hap phu cla vat lidu, khao
sat can béng hdp phu theo md hinh dang nhiét hdp phy
Langmuir va Freundlich (Hinh 7).
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Hinh 7. D6 thi hap phu dang nhigt Langmuir (a)
va Frendlich (b) cua vé lac mang Fe,0, ddi vdi MB va MO

O, MB/g K K, 1/n
MB 153,85 0,0046 19,37 0.4
MO 176,74 {,0084 29,28 0,39

Két qua tinh toan theo mé hinh Langmuir cho théy,
dung lugng hdp phy cdc dai cla vat lieu doi voi MO
bang 176,74mg/g Idn han dang ke so voi q__, d6i vdi MB
{153,85mg/g). So sdnh vdi cac loai vat liéu dugc ché tao
W cac phy phdm ndng nghigp khac va vo lac dudc bién
tinh bing phucng phap khac, kha nang hap phy cua vo lac
phu nano Fe,0, d6i voi MB va MO nhin chung tét han déng
ké (Bang 3).

Bang 3: Dung lugng hap phu cic dai MB
va MO theo mé hinh Langmuir cla cac loai vat ligu

Vit ligu —ﬁgv-—-'-"—‘—g"go— Tai liéu
D4 ong 5556 | 66,67 (5]
Tro tréy 33,5 (9]
Thén cdy sen 109,89 | 3155 [10]
Vo lac 4081 (6]
PANi-V4 lac 250,00 (7]
PN-Fe.0, 325 (8]

Vo Igc phi nano Fe.0, | 153,85 | 176,74 | Trong bai b4o nay

IV. KET LUAN

Bing phugdng phap ddng két tia cd thé thu dudc nano
fe,0, vdi kich thudc 1if 10-20nm. Sy phan tan Fe,0, [én vo
lac khién cho bé mat vét liéu trd nén nham han, ddng thdi
I&m giam dang ké diém ding dién cua vat lidu.

V0 lac bién tinh, nano Fe,0,, vo lac mang nano Fe,0,
déu co6 kha nang hap phu tdt MB va MQ, trong d6 vo lac
mang Fe,0, cd kha ning hip phu tdt phit.
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pH moi tnfdng giup vat liéu hap phy MB va MO tot nhdt
ldn gt 1a 7 va 2. Sy hdp pby cac MB va MO bdi vd lac
phu nano Fe,0, tuan theo md hinh dong hoc biéu kién bac
2 va duge md ta bng ca hai mé hinh hap phy déng nhigt
Langmuir va Freundlich. Dung liugng hap phu cuc dai cba
v0 lac phu nano Fe,0, theo mo hinh Langmuir: g, (MB)
= 153.85my/g; q,,, (MO) = 176,74mg/g, I6n hon dang
k€ so vdi cac loai vat lisu hdp phy dugc ché tao tif cac phu
pham ndng nghiép khic.
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