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NGHIEN CUU BIEN TiNH PIATOMIT PHU YEN LAM VAT LIEU
HAP PHU LOAI BO ION SAT TRONG MOI TRUONG NUOC

Tran Vinh Thién®
Bui Thi Bich Ngoc™

Tom tit

Piatomit dwoc bién tinh bang mangan dioxit tir nguén cung cap mangan la mangan
clorua két hop Véi natri hydroxit. Diatomit tir nhién va bién tinh dwoc dic trung bang
phuwong phdp nhiéu xa tia X (XRD), hién vi dién tir quét (SEM) va ki thudt phan tich bé mat
rieng (BET). Cd hai logi diatomit @éu ¢ dang hinh tru tron dwong kinh 2-3 um, dai 10-17
um. Thanh phdn héa hoc dige xde dinh bang phé hong ngogi (FT-IR) va phé nang heong
tia X (EDX). Dién tich bé mat riéng cuia diatomit bién tinh (157,667 m%g) cao hon diatomit
tw nhién (88,604 m%*/g). Dung lrong hdp phu ion sdt ciing dwoc khdo sat. M6 hinh dang
nhiét Langmuir diroc sir dung dé mo ta can bang hap phu. Dung lwong hdp phy ion sdt cuc
dai cua diatomit bién tinh va diatomit ti nhién lan leot 12 14,35 va 4,86 mg/g.

Tir khoa: Piatomit, bién tinh, bé mdt riéng, hap phu, dang nhiét.

I. MO PAU

Diatomit 1 loai khoang tw nhién c6 cau tric mao quan véi thanh phan cha
yéu 12 oxit silic va nhiéu tap chat khac. Diatomit dwgc sir dung rong réi lam chat tro
loc, chat mang xuc tac va chat hap phu. D3 co nhiéu cdng trinh nghién ciu vé kha
nang tng dung diatomit trén thé gidi. Cho dén nay trén thé gidi c6 nhiéu phuong
phép xir 1y 6 nhiém ngudn nudc nhu keo tu, dién hoa, dung xdc tac, hip phu v.v... da
va dang duoc sir dung riéng ré hozc két hop. Trong d6, hap phu 1a mét trong nhiing
phuong phap duoc sir dung phd bién nhat do don gian dé van hanh va hiéu suat cao.
Yéu cau 16n nhat dbi vai chat hap phu la gia thanh thap, dé sir dung, dung luong hap
phu cao va c6 kha ning tai tao. C4c chat vo co nhu bentonit, zeolit, khoang sét,
diatomit, than hoat tinh 12 nhiing chat hap phu ¢ kha nang dap ung cac yéu cau nay [1].

O nudc ta, tinh Phli Yén ¢6 trit lugng I6n khoang diatomit (wéc tinh khoang
69 tricu m®) véi ham luong SiO, cao [2]. Piatomit Phii Yén c6 thanh phan cha yéu
la oxit silic SiO, va mot sé oxit khac chu yéu la khoang sat, 1a mot hop chat gan nhu
tro vé mat hoa hoc. Bén nay cac nghién ciu vé diatomit Phi Yén chi tap trung vao
viéc (g dung diatomit 1am chat hap phu xir Iy ho nudi tém, san xuat gach nhe, gach
cach am...[2]. P4 c6 vai nghién ctu vé dic trung bé mat cia diatomit Phi Yén va s
dung diatomit Phu Yén lam vat liéu hdp phu [3]. Tuy nhién, ndi chung viéc nghién
ctu vé diatomit Phu Yén trén phuong dién hda hoc chua nhiéu, rat it cong trinh

* TS, Trudng Dai hoc Phil Yén
** CN, Truong Dai hoc Quy Nhon
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nghién ctu vé bién tinh diatomit va st dung diatomit bién tinh 1am vat liéu hap phu
dugc cdng bd. Trong bai béo nay ching toi trinh bay két qua bién tinh diatomit Phu
Yén bang mangan dioxit dé 1am chat hap phu ion sat trong dung dich nuéc nham tim
kiém cac hudng di méi trong thuong mai nguon diatomit Phu Yén..

Il. THUC NGHIEM

1. Vit liéu hap phu

Diatomit thwong mai lay tir Tuy An (Pha Yén) duoc 1am sach va siy khd ¢
100°C.

Bién tinh diatomit bang mangan clorua va natri hidroxit dugc thuc hién theo
cac qui trinh da dugc dua ra [4,5]. 15g diatomit dugc ngdm vai NaOH 6 M trong 2
gio & 90 °C. Pua vé nhiét do phong, diéu chinh pH dén 1-2 bang HCI, thém tir tir
100 ml MnCl, 2,5 M va dé yén trong 17 gid. Loc lay chét ran, cho tac dung véi dung
dich NaOH 6 M & nhiét do phong trong 48 gid dé két tuta Mn(OH),. Rira sach kiém
va loc lay chét ran, sy kho & 100 °C, va bao quan trong chai thay tinh kin, cé nit
nham. Diatomit bién tinh duoc goi la Mn-diatomit.

Thanh phan hda hoc va cau tric bé mit cia diatomit va Mn-diatomit duoc
xac dinh bang phuong phap hién vi dién tir quét (Scanning Electron Microscopy-
SEM) va phan tich nang lugng tan xa tia X (Energy Dispersive X-ray EDX), phuong
phap phd hong ngoai FT-IR, phuong phap nhidu xa tia X (XRD), phuong phap do
dang nhiét hap phu - khir hip phu nito (BET)

2. Hap phu ion sit

Chuan bi dung dich ion sat chuan, hoa tan (NH,),Fe(S0,),.6H,0 cd nho thém
vai giot H,S0, dic, sau d6 thém dung dich KMnO,, dinh mirc dén 1000 ml dé duoc
nong do Fe** 1a 1 g/l.

Hap phu ion Fe** : Can 0,01g vat liéu hap phu (diatomit hoic Mn-diatomit)
trong 100 ml dung dich sit chuan 500 mg/l. O tung thoi gian nhat dinh dung dich
duogc ldy ra loc bo chat ran, néng do ion sat duoc xac dinh béing phuong phap do
quang trén may UV-VIS RS spectrophotometer ¢ budc song hap phu cuc dai Apay =
550 nm.

Dung luong hap phuy, g, (mg/g) dugc tinh theo phwong trinh:

_ (G -C)V
d="— 1)
Muc do hap phu F (%) duoc tinh theo phuong trinh:
E_ (G, -C)
CO

trong d6 Co va C; (mg/l) lan lugc 1a ndng do ion sat ¢ thoi diém ban dau va
thoi diém t. V va m lan luot 1a thé tich dung dich sat chuan (1) va luong diatomit
hoic Mn-diatomit (g) dung cho mdi lan hap phu.
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Dé nghién cau dong hoc qué trinh hap phu, mé hinh déng hoc hap phu biéu
kién bac nhat (pseudo first order equation) va biéu kién bac hai (pseudo second
order equation) dugc ap dung. Su tring khép nhat gitta sé liéu thuc nghiém va md
hinh dong hoc nao d6 s& cung cap nhiing thong tin vé md hinh dong hoc cua qua
trinh hap phu nay. M6 hinh dong hoc biéu kién bac nhat c6 dang tich phan 1a:

In(q, -a,) =In(q,) - kit @)

trong d6 k; (phat™) 1a hang sé toc do bac nhat; g, va g, lan luot 1 dung luong
hap phu (mg/g) & thoi diém can bang va ¢ thoi diém t. Gié tri g dugc tinh nhu g, ¢
thoi diém can bang. Dang tich phan cua mé hinh déng hoc biéu kién bac 2 tai
phuong trinh (3)[1]:

t_1 1.
0 kO, 0, ©

trong d6 Kk, (g.mgphat™) 1a hang s toc do bac hai.

Hai m6 hinh dang nhiét hap phu pho bién nhat 1a Langmuir va Frendlich [6]
duoc dung dé nghién ctu can bang hip phu. M6 hinh dang nhiét Langmuir ¢ dang
tuyén tinh:

c._1.c @
g ba, 4,
trong d6 qn (Mg/g) 1a dung lugng hap phu don 16p cuc dai; b 1a tham s
phuong trinh Langmuir. Dang nhiét Freundlich c6 dang tuyén tinh 1a:
lgq. =g K¢ +%Ce ()
trong d6 Kg va n 1a cac tham sé cua phuong trinh Freundlich.

I1l. KET QUA VA THAO LUAN
1. Pic trung cu tric, thanh phan hoa hoc ciia diatomit va Mn-diatomit

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample Diatomite _ Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample Mn-Diatomite

Hinh 1. Gidn d6 XRD cuia diatomit tw nhién (a) va Mn-diatomit (b)
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Hinh 1a chi ra cac peak nhiéu xa dic trung cua SiO, két tinh ¢ dang quartz,
trong khi d6 tai hinh 1b, céc peak nhiéu xa dang td cho thdy Mn-diatomit gan nhu vo
dinh hinh hoic & dang nano. Piéu nay ching té c6 MnO, ¢ kich thuéc rat nho da
phan tan lén bé mat diatomit. Nhan dinh ndy phu hop véi két qua thu duoc tir anh
SEM ¢ hinh 2.

20kV  X5,600 2pm 2013 COMFA-IMS

(a) (b)
Hinh 2. Anh SEM cua diatomit tir nhién (a) va Mn- diatomit (b)

20kV  X5,5000 " 2um 2013 COMFA-IMS
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Hinh 3. P46 IR cua diatomit tw nhién (a), Mn-diatomit (b) va Mn-diatomit da hdp phu ion sdt

Phé FT-IR cua diatomit, Mn-diatomit va Mn-diatomit da hap phu ion sit
dugc dua ra & hinh 3, két qua phan tich céc tin hiéu dic trung dya trén cac tai liu
tham khao [5,6,7] duoc thé hién ¢ bang 1.

Tai bang 1, cd thé thiy ph6 cua Mn-diatomit 6 tin hiéu cia cac nhdm Mn-O
va nhém Mn-OH ma khong ¢ nhém Si-O-Si nhu phd cua diatomit, diéu nay ching
t6 qua trinh bién tinh diatomit da din dén viéc thay thé Si trong lién két véi O bang
Mn va ting ham luong nhdém OH (lién két Mn-OH) 1am ting kha nang hap phu. Su
giam cudng d6 cac van phd cua nhém Mn-OH (¢ 1643 cm™) trong phd cua Mn-
diatomit da hip phu ion sit so véi phd cua Mn-diatomit cho thay ion st da bi hap
phu bai cac tm hap phu Mn-O lam giam cudng d6 cac van pho.
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Bang 1. Két qua phan tich phé FT-IR cia diatomit, Mn-diatomit va Mn-diatomit

da hdp phy ion sdt

Tin higu Phé Phé ciia Phé ciia Mn-diatomit
cm cua diatomit Mn-diatomit a hap phu 1on sa
1 ua di i da hap phu i at
3635.04 | Vo gan voi Von =3443,05 cm™gin |V, =3423,76 cm™ gén
3441:12 nhém silanol ty do |voi nhém silanol ty do véi nhom silanol ty do
(Si-O-H) (Si-O-H) (Si-O-H)
1101,39 Vei.o.s Nh6M Khong c6 dao dong hoa tri |Khong cé dao dong hda tri
1057,03 |gi -l ctia nhom siloxan va cua nhom siloxan va
- [stloxan silanol, ma xuét hién silanol, ma xuét hién
91236 | Vsi-o 9an Voi Opnon = 1024,24cm™ van | Oyn.on=1031,95 cm™
nhom silanol nhon, manh van nhon, manh
796,63 V. CO Vgioy nhung chi xuat [CO Vsjoyy nhung chi xuét
667,39 | °°M hién & tin s6 667,39cm™  |hién & tin s6 667,39cm™
0 5.4 nhom OH két hop véi| O nhém OH két hop vai
V.4 luong hydrat A as A s
héa trén bé mat nguyén tir Mn nguyeén tr Mn
1645,33 hay trong cac mao hoach_H lugng hydrat hoa |hoac Yo-H luong hydrat hoa
quan cua cu trc. |trén bé mat hay trong cac  |trén bé mat hay trong cac
mao quan cua cau trac. mao quan cua cau trac.
522,73 R e L A 1
466,72 dsiosi Khong co tin hiéu Khdng c6 tin hiéu
520,80 Voo Vuno = 522,73cm™ va
468,72 472,58 cm™

Thanh phan hoé hoc cua diatomite dugc phan tich bang phuong phap phd ning
luong tan xa tia X (EDX) duoc dua ra ¢ hinh 4. Ti 1¢ thanh phan cua Mn/Si cia mau
Mn-diatomit xac dinh tai 5 vi tri khac nhau cia mau l1a c6 gia tri nhu nhau chung to

viéc phan bé MnO, trén bé mit diatomit 1a kha dong deu.

Theo pho EDX, thanh phan héa hoc cua diatomit ty nhién va cia Mn-diatomit
dugc dua ra tai bang 2, theo d6, SiO, l1a thanh phan chinh cia diatomit Pha Yén
(42,54%) va viéc bién tinh da dua vao diatomit mot luong dang ké MnO, (15,75%)
dan dén lam gia ting s6 tdm hap phu va két qua 1 1am ting kha ning hip phu ca vat
liéu Mn-diatomit so véi diatomit tu nhién.
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Bang 2. Thanh phdn cdc oxit trong diatomit va Mn-diatomit

65

. Ham lugng (%)
Thanh phan : :
SiO, Fe, 04 A|203 Ti0, MnO, | Na,O MgO C CCK
Piatomit 4254 | 7,54 14,7 0,67 0 0 0,58 | 23,39 | 21,57
Mn-diatomit | 15,75 8,2 10,03 | 0,68 | 16,97 | 4,88 045 | 30,67 | 124
Trong d6 CCK: thanh phan khac.
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2. Nghién céu dong hoc [3,8,9]

Hinh 5 biéu dién su bién doi
cta dung luong hip phu g, theo thoi
gian. C6 thé thiy qua trinh hap phu
Xay ra hai giai doan. Giai doan dau
(trong khoang 3 gio) téc d6 hip phu
xay rat nhanh chiém khoang 70-80 %
con giai doan 2 xay ra cham va tién
t6i dat can bang. C6 thé noi sau 3 gio
tiép xuc, qua trinh hap phy da dat
trang théi can bang.

Hinh 6, 7, trinh bay dong hoc
qua trinh hip phu dugc biéu dién
theo c4c md hinh biéu kién bac 1 va
bac 2. Két qua tinh toan cac tham sé

10+

et
N
1

keV

(b)
Hinh 4. Phé EDX cuia diatomit ti nhién (a) va Mn-diatomit (b)

—
—
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Hinh 5. Do th; biéu dién qua trinh hdp phu
ion sat vao Mn-diatomit

clia cac phuong trinh twong Gmg dugc dua ra & bang 3 cho thdy mé hinh dong hoc
hap phu hoé hoc bac hai biéu kién cho méi quan hé tuyén tinh vai hé sé trong quan
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cao (R, >0,99) ddi vai tt ca cac nong do khao sat. Cac tham s nhur g tinh toan tir
mé hinh gan vai g, thuc nghiém hon nén c6 thé két luan rang mé hinh hap phu bac
hai biéu kién 1a md ta tét nhat cho qua trinh hap phu ion sat Ién vat liéu diatomit.

Bang 3. Cac tham sé déng hoc ciia cac mé hinh déng hoc

M6 hinh R k Qe (tinh toan) | ge (thuc nghiém)
Biéu kién bac 1 0,9699 k; = 0,015 9,69 10,4
Biéu kién bac 2 0.9954 k, = 0,003 10,39 10.4

4\ /
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Hinh 6. Béng hoc hdp phu biéu kién bdc Hinh 7. Béng hoc hdp phu biéu kién bdc 2
1 cua Fe(l11) trén Mn-diatomit (Mmin-giatomit cua Fe(lll) trén Mn-diatomit (mmn-giatomic =
= 0,01 g;Vrequry 500 mgn = 100 ml) 0,01 9; Vreqiny 500 mgn = 100 ml)

T T 1
100 120 140 160

3. Nghién cttu can bing hip phu

Két qua khao sat can bang hip phu ion sit trén diatomit va Mn-diatomit st
dung cac mé hinh Langmuir va Freundlich dugc trinh bay ¢ hinh 8 va hinh 9. Ddi
Vi diatomit thi hé s6 tuong quan R cua dudng cong can bang hap phu ding nhiét
theo Langmuir cao hon Freundlich, ching té qué trinh hap phu ion sat 1én diatomit
phu hop vai thuyét hap phu Langmuir hon, tac cha yéu hinh thanh 16p hap phu don
trén diatomit.

Véi Mn-diatomit hé s6 twong quan R ctia dudng cong can bang hap phu dang
nhiét theo Langmuir va Freundlich déu cao, chiing to trén bé mat Mn-diatomit hinh
thanh 16p hap phu don 16p dong thoi véi viéc cd mat cac tam hap phu khac nhau vé
s6 luong va nang luong hap phu.
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R*=0,9942
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Hinh 8. Buong cong can bang hdp phu dang nhiét theo mé hinh Langmuir
Cua diatomit(a) va Mn-diatomit (b)

Dung luong hap phu cuc dai ion sit duoc tinh theo mé hinh hap phu dang
nhiét Langmuir cho thiy, dbi véi diatomit: o (diatomit) = 4,859 mg/g, thap hon
dung luong hap phu cuc dai d6i véi Mn-diatomit: ¢,(Mn-diatomit) = 14,347 mg/g.
Nhu vay bang viéc bién tinh vat liéu diatomit, ching t6i di tao ra vat liéu Mn-

diatomit c6 kha nang hap phu ion sit ting dang ké so véi diatomit ty nhién.
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Hinh 9. Puwong cong can bang hdp phu dang nhiét theo Freundlich
Cua diatomit(a) va Mn-diatomit (b)

1. KET LUAN

D43 bién tinh thanh cong diatomit bang MnCl, va NaOH tao ra vat liéu Mn-
diatomit. Cac dic trung cau tric vat liéu trude va sau khi bién tinh da dugc khao sat
bang cac phuong phap XRD, SEM, FT-IR, EDX, BET. Két qua cho thay viéc bién
tinh da tao ra vat lieu Mn-diatomit c6 bé mat duoc bao phi dong déu bai céc hat
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nano MnQ,, c6 dién tich bé mit riéng déng ké. Kha nang hap phu ion sit dugc danh
gia vé phuong dién dong hoc va dang nhiét hap phu. Két qua cho thay dong hoc hap
phu tuan theo mo hinh biéu kién bac hai, qua trinh hap phu pht hop tot véi mé hinh
dang nhiét Langmuir va Freundlich. Mn-diatomit c6 kha nang hap phu tét hon nhiéu
S0 Voi diatomit, thé hién qua dung luong hap phu cuc dai cua Mn-diatomit (14,347
mg/g) cao hon diatomit (4,859 mg/g). Cac két qua thu dugc budc ddu mo ra kha
nang ap dung phuong phap bién tinh diatomit bang MnO, dé tao ra vat liéu hip phu
cO gia tri tir diatomit dé xu ly, loai bo céc ion kim loai ning trong mdi truong
nudcd
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Abstract
A study on the modification of Phu Yen diatomite to prepare
an adsorbent for the removal of iron ions in water environment

Natural diatomite was modified by manganese chloride. The characterization of
natural and modified diatomite was investigated by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and specific surface area (BET) analysis techniques. The
morphology of both types of diatomite was generally cylindrical in shape with the range of
particle size of 2-3 pum in width and 10-17 um in length. The chemical compositions of
natural and modified diatomite were determined by Fourier transform infrared (FT-IR) and
energy-dispersive X-ray analysis (EDX). The surface area of modified diatomite (157.667
mz2/g) was higher than the surface area of nature diatomite (88.604 m2/g). The capacity of
adsorbing Fe** ion onto natural and modified diatomite was determined by UV-VIS
spectrometry. Langmuir isotherm was employed to describe adsorption equilibrium. The
saturation capacities were 14.35 mg/g modified diatomite for iron ion, respectively, while
value of 4.86 mg/qg is obtained for natural diatomite.

Key words: Diatomite, modified, surface area, adsorption, isotherm.



