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SUMMARY

MODIFIED DIATOMIT BY MANGANESE OXITS AND APPLICATION
FOR ADSORPTION OF Cu(ll)
ION IN AQUEOUS SOLUTION

In the present, Diatomit was purified by alkali solution and modified by
manganese to form adsorbents, which have capacity for Cu** ion adsorption in
aqueous solution, and they were investigated successful. Characteristic properties
of the materials showed that the sample had high ratio of manganese (8.57 wt%),
high texture properties, consisting of many membranes and wires in situ the
cylinders of Diatomit. Surface area of Mn-Diatomit (Mn-DPB) is 115.5 m*/g, and
very larger than the Diatomit, which have not yet modified. Pore size distribution
of Mn-Diatomit is mainly in range 3.0 — 5.0 nm. Study of Cu®* ion adsorption
processes indicated that the adsorption kinetics complied with type 2 of the
pseudo-second-order kinetic model, the adsorption rate constant was k =
2.84x10° g.mg's™. The adsorption isotherms fited Langmuir equation with
maximum adsorption capacity q, = 50.51 mg/g, K. constant 6.74x10° (L/mg).
The Mn-Diatomit material in this study, which had quite high capacity adsorption
and the adsorption process occurred quickly, can apply to treat heavy metal ions
in aqueous solution.
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1. MO PAU ion kim loai nang, ching anh huong
Moi trudong nudc ngay cang trd nén 6 rat 1on dén stc khoe cua con nguoi
nhiém nghiém trong, dic biét la cac cling nhu cac hoat dong khac. Mot
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trong nhiing phuong phap xu ly hiéu
qua, than thién véi moi truong, duoc
nhiéu nha khoa hoc quan tdm Ia s
dung vat liéu hap phu c6 ngudn gdc
tir khodng sét tu nhién [1,2].

Diatomit 1a mot loai khoang tram tich
silic, ¢6 nhitng tinh chat rat thuan loi
cho su hdp phu nhu do xép, dién tich
bé mat riéng kha cao, kha niang chiu
nhiét tt, do vay ching duoc st dung
rat rong rai dé 1am chat mang, vat liéu
loc, chat trg xuc tac, hap phu [3].
Diatomit bién tinh mangan duoc danh
gia 1a vat liéu hap phu ion kim loai
nang rat hiéu qua, trong do, oxit
mangan dugC Xem nhu mot cai may
“hat” dé thu gom cac ion kim loai
nang [2].

Vi vay, trong nghién cuu nay, chung
t6i bién tinh Diatomit bang oxit
mangan nham tao ra vat liéu c6 kha
nang hip phu tét ion kim loai nang.
Ung dung dé hap phu ion Cu?* trong
moi truong nudc va nghién ciu quy
luat dong hoc, ding nhiét hap phy,
cac dai lugng dac trung cho qua trinh
hap phu do.

2. THUC NGHIEM

- Hoéa chét: Diatomit thd iy tir mo
Tuy An (Pha Yén) dugc lam sach so
bo bang cach rira, sa lang nhiéu lan va
say kho ¢ 100 °C, ky hiéu mau la DP
(Diatomit Phi Yeén). Cac hoa chét
MnCl, (Merck, Birc), NaOH, HCI
(Guangdong, Trung Qubc) duoc s
dung dé bién tinh, tinh ché Diatomit
va diéu chinh pH cua hdn hop.

- Tinh ché vat liéu Diatomit trong moi

23

truong bazo: Lay 15 gam mau DP cho
vao 150 mL dung dich NaOH 5%,
khuay manh, gia nhiét & 100 °C trong
2 gio. Loc, rira san pham, siy kho ¢
100 °C qua dém. Ky hiéu mau la DPB
(B — bazo).

- Bién tinh Diatomit bang MnCl,: Lay
1,2 gam mau DPB cho vao 50 mL
dung dich (c6 pH = 2) chaa 2,52 gam
MnCl,, khudy lién tuc trong 8 gio &
nhiét do phong. Loc liy phan ran
khong tan, cho vao 50 mL dung dich
NaOH 6 M, ngam trong 15 gio. Cudi
cuing, loc liy san pham va dé kho tu
nhién trong khong khi 48 gio. Rua ky
lai bang nuéc cat, sdy & 100 °C qua
dém. Mau dugc ky hiéu la Mn-DPB.

- Pic trung tinh chat vat liéu: Cac
mau DP, DPB, Mn-DPB dugc khao
sat bang cac phuong phap nhu nhiéu
xa tia X (XRD, D8 Advance Bruker),
buc xa CuK,, goc quét 20 tir 10 - 70
d6. Thanh phan bé mit duogc xac dinh
bing phd tan xa ning luong tia X
(EDX, JED-2300 JEOL). Dién tich
bé mit riéng duoc xac dinh bang
phuong phéap hap phu - khir hip phu
nito (BET, Micromeritics, Hoa Ky).
Quan sat hinh thai bé mat bang hién
vi dién tir quét (SEM, IMS-NKL) va
hién vi dién ta truyén qua (TEM,
EMLab —NIHE).

- Thuc hién su hap phu ion Cu®* trong
moi trrong nude va tinh toan cac dai
luong dong hoc hap phy, ding nhiét
hap phu, quy luat hap phu: Lay 0,1
gam mau Mn-DPB cho vao 100 mL
dung dich Cu®* ndng d6 70 ppm. Sau



Counts

cac khoang thoi gian 10, 20, 30, 45,
60, 90, 120 va 240 phat, mau duoc
ldy ra va xac dinh ndéng do trén may
quang phd hap thu nguyén tir AAS,
240FS (Agilent, M¥).

3. KET QUA VA THAO LUAN

Két qua phan tich bang phd tan xa
nang luong tia X (EDX) tai mot diém
(d¢iém 003) trén bé mit mau Mn-DPB

dugc trinh bay trong hinh la. Ngoai
cac nguyén té chinh nhu oxy, silic,
nhdm, sit con cd thém mangan bién
tinh va mot sé nguyén té khac nhu
titan, canxi, kali, magie, natri...
Thanh phan (%) trung binh theo khéi
lwong tai ba diém trén bé mat cua céc
mau DP, DPB, Mn-DPB duoc trinh
bay trong bang 1.

Bang 1. Thanh phan phan tram (%) trung binh theo khoi lwong ciia mét s6 nguyén
té chinh trong cac mdu DP, DPB, Mn-DPB

Miu Thanh phan (%) theo khdi lwong cua cac nguyén tb ,
Mn @] Si Al Fe Cac chat khac
DP - 52,72 30,56 10,36 4,50 1,87
DPB - 49,06 27,50 11,59 6,06 5,79
Mn-DPB 8,57 42,23 21,58 9,39 12,54 5,69

Mau DPB tinh ché trong méi truong
bazo loang nén lugng SiO; bi hoa tan
mét phan, ham lwong oxy va silic caa
mau DPB déu giam so v&i mau DP,
kéo theo d6 1a ti I¢ cua sat, nhom va
mot sd chat khac ting 1én. Sau khi
bién tinh bang MnCl,, két qua phan
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tich cho thay mangan trén bé mat
chiém 8,57% vé khéi lugng. So véi
mot sé nghién cau vé bién tinh
Diatomit biang mangan [4] thi két
qua bién tinh trong nghién ctu nay
rat kha quan.
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Hinh 1. a) Phé EDX ciia mdu Mn-DPB va
b) Gidn do XRD cua cac mau DP, DPB, Mn-DPB

Hinh 1b trinh bay gian d6 XRD Vi

g6c nhiéu xa 20 bién d6i tir 0 — 70 do

cua cac mau DP, DPB, Mn-DPB. Két
qua cho thdy, cuong d6 nhidu xa &

T
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khu vuc goc 20 tr 20 - 36,1 do dac
trung cho pic nhiéu xa cta Diatomit
va Mn-Diatomit cia tit ca cac mau
déu rat nho, ching to day 1a vat liéu
v6 dinh hinh [5,6]. Khong thiy céc
pic dic trung cho oxit mangan, c6 thé
1a do ham luong cua mangan thap
(8,57%) hoac do cac hat cd kich
thugc rat nho, phan bé dong déu trén
bé mat cua Diatomit. V&i mot sé oxit
kim loai khac nhu sit, nhom ciing
khong thé hién pic dic trung trong
nghién cau nay.

Hinh 2 trinh bay quan st SEM cua
Diatomit 1am sach so bo va mau tinh

IMS-NKL x10.0k SE(M)

Sau khi bién tinh bang MnCl, (mau
Mn-DPB), két qua quan sat SEM d6
phén giai cao hon nhu trinh bay trong
hinh 3a cho thy, hinh thai cua vat
lieu gom nhiéu mang mong, soi bao
quanh giéng nhu su “né hoa” trén bé
mat. Pay c6 thé la su thay doi tinh
chat bé mat do su cd mat cua oxit
mangan bién tinh. Diéu nay ciing
hoan toan phu hop véi két qua quan
sat bang hién vi dién tor truyén qua
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ché trong méi truong bazo. Két qua
cho thay vat liéu chu yéu cé dang
hinh tru véi nhiéu 16 x6p bao quanh
giong nhu “t6 ong”. Khi chua tinh
ché (mau DP, hinh 2a), cac 16 xdp
nhd va thuong bi bit “16i vao” nén
dién tich bé mat va do xop khéng cao,
anh huong dén kha ning hap phu.
Sau khi tinh ché (mau DPB), cac 15
xop dugc néi rong thém, bé mait
“xu1 Xxi” hon nhu quan sat thay trong
hinh 2b. Dy 1a diéu kién rat thuan
loi ¢& mangan bam vao khi bién
tinh cling nhu sy gia tang cua di¢n
tich bé mat riéng.

IMS-NKL x10.0k SE(M)

Hinh 2. Quan sat SEM czia mau DP (a) va mau DPB (b)

(TEM) trong hinh 3b. Hinh théi cua
vat liéu gdm nhitng mang rit mong
két véi nhau quanh bé mait. Céc
mang mong nay c6 thé Ia nguyén
nhan chinh 1am ting dién tich bé
mat, ting hoat tinh hap phu cua vat
lisu Diatomit bién tinh bang
mangan. Cac ving toi trong hinh 3b
1a do cac tia dién tir phai truyén qua
nhiéu I6p mang mong lam cho
chang bi yéu di [6].



IMS-NKL x20.0k SE(M

Puong dang nhiét hap phu - khir hap
phu nito cua mau Diatomit (DPB) va
mau bién tinh biang mangan (Mn-
DPB) dugc trinh bay trong hinh 4a.
Két qua cho thiy duong dang nhiét
caa DPB va Mn-DPB déu thugc loai
V, kiéu Hs [7]. Tuy nhién, “dudng
tr&” caa mau Mn-DPB rong hon,
budc ngung tu 15 rang, ¢ diém “giy”
& &p suit twong ddi P/P, = 0,5, ching
t6 chtra nhidu mao quan kiéu 1dng, c6
kich thudc 16n. Phan bd kich thudc
mao quan cua Mn-DPB tap trung chua
yéu tir 3,0 — 5,0 nm, thugc vao nhom
mao quan trung binh. Dién tich bé
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mat riéng cua mau Mn-DPB bing
115,5 m%g 16n hon rat nhiéu so véi
mau DPB chua bién tinh (78,8 m?/g).
Sy gia tang dién tich bé mat cd thé 1a
do trong mau Mn-DPB sau khi bién
tinh ¢6 nhiéu sgi va mang mong trén
bé mat, cAc mao quan dugc nai rong
ra, cac “16i vao” dugc khoi thong nhu
két qua quan sat SEM, TEM trong
hinh 2 va hinh 3. Mot sb két qua bién
tinh Diatomit bang mangan dd cong
bé [5] thi mau Mn-DPB trong nghién
ctru nay c6 dién tich bé mat riéng lon,
hira hen kha ning hap phu tét.
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Hinh 4. a). Puong dang nhiét hap phy - khi hap phu ciia DPB (1) va Mn-DPB (2) va
b). Sur phu thugce dung lrong hap phu vao thoi gian cua DPB (1) va Mn-DPB (2)
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Véi dién tich bé mit riéng cao, ham
lvgng mangan 16n, Diatomit bién tinh
mangan (Mn-DPB) duoc sir dung dé
nghién cau su hap phy ion Cu?* trong
moi truong nude. Dung luong hip
phu dugc tinh theo cbng thac q; =
(Co-Cp).VIm (mg/g) [1,8]. Su phu
thudc dung luong hap phu g, vao thoi
gian cia Diatomit tinh ché (DPB,
duong 2) va Diatomit bién tinh bang
mangan (Mn-DPB, duong 1) duoc
trinh bay trong hinh 4b. Ca hai duong
trén hinh 4b déu cho thay, su hip phu
xay ra nhanh ¢ giai doan dau, sau 90
phut, dung luong hip phu cé ting
nhung khéng dang ké, duong dung
luong hip phu gan nhu nam ngang.
Do vay, c6 thé coi qua trinh hdp phu
ion Cu?* dat can bang ¢ 120 phut. Véi
ndng do ion Cu** ban dau la 70 ppm,
dung luong hip phu cua Mn-DPB
bién tinh bang mangan bang 35,17
mg/g, cao hon nhiéu so voi DPB chua
bién tinh (25,90 mg/g). Su khac biét
vé dung luong hip phu ndy ngoai
dién tich bé mit cia Mn-DPB cao
hon DPB (trinh bay trong hinh 4a),
cac mao quan duoc néi rong thém, co
thé con do nguy@n nhan khéc rat quan
trong, d6 1a bé mit cia Mn-DPB c6
hoat tinh hap phu cao hon véi sy c6
mat cta cic tam “hat” oxit mangan
trén bé mat. Trong nghién ciu nay,
mac du khong xac dinh dugc chinh
xa4c sb oxy hoa va hinh thai cua
mangan nhung bang cac phuong phap
dac trung nhu XRD, EDX, SEM,
TEM, BET c6 thé khing dinh c6 su
ton tai cua oOxit mangan trong
Diatomit, thuong la dang MnO, [6].
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DPong hoc hap phu dugc nghién cau
dua theo 05 md hinh biéu kién dang
tuyén tinh, d6 1a phuong trinh bac 1,
bac 2 loai 1, bac 2 loai 2, phuong
trinh Elovich va phuong trinh khuéch
tan gitra cac hat. Dua vao hé sé tuong
quan (R?) caa cac md hinh trén va su
chénh léch gitra ge-TN (tinh tur thuc
nghiém) va ge-TT (tinh toan tur céc
phuong trinh biéu kién) dé khing
dinh quy luat dong hoc hap phu [1,8].
Thay cac sb liéu thyc nghiém cua qué
trinh hap phu ion Cu®* ndng d6 70
ppm vao 05 mo hinh dong hoc biéu
kién dang tuyén tinh, két qua duoc
trinh bay ¢ bang 2. Trong nghién cuu
nay, mot s6 md hinh ¢ hé sé tuong
quan R? kha cao nhu phuong trinh
khuéch tan hay phuong trinh Elovich.
Tuy nhién, phuong trinh dong hoc
biéu kién bac 2 loai 2 c6 hé sb tuong
quan R? = 0,9925, cao hon nhiéu so
vai cac mo hinh con lai nhu trinh bay
trong bang 2. Hon ntra, gia tri dung
luong Qe tinh tir phuong trinh déng
hoc biéu kién bac 2 loai 2 chénh léch
Véi gia tri ge tinh tor thyc nghiém
khong dang ké (36,90 mg/g so Vi
35,17 mg/g). Tir két qua ndy, co thé
két luan rang quy luat dong hoc hap
phu ion Cu* ndng d6 70 ppm tuan
theo md hinh déng hoc biéu kién bac
2 loai 2: t/g; = t/ge + 1/(k.ge2) [1,8].
Hang sb toc d6 hap phu k = 2,84.10°
g.mg™.giay ™. Khi nghién cuu vé dong
hoc hip phu, hau hét cac tac gia déu
sir dung 05 mé hinh biéu kién nay va
quy luat dong hoc thuong tuan theo
md hinh biéu kién bac 2 loai 2 [1,8,9].



Bang 2. Cac théng sé Ciia cdc mé hinh déng hoc biéu kién, nong dg 70 ppm

M hinh biéu kién Dang tuyén tinh Gia tri R® 0e-TT (mg/g)”
Bac 1 y =-0,0263.x + 4,1706 0,8569 20,26
Bac 2 loai 1 y =0,0048.x — 0,002 0,8209 500

Bac 2 loai 2 y =0,0271.x + 0,2589 0,9925 36,90
Elovich y =4,6008.x + 12,189 0,9453 -
Khuéch tan y =0,1605.x + 2,7723 0,958 -

(*) Qe-TT (mg/g) duoc tinh tir cac
phuong trinh dong hoc, Qe-TN =
35,17 (mg/g).

Dé nghién ciu vé dang nhiét hip phu
ion Cu®*, chung t6i thay déi ndng do
ban dau cua dung dich ion Cu®* Ian
luot la 30, 40, 50, 60, 70, 80 va 100
ppm, cé dinh nhiét d6 hap phu & 298
K, thoi gian phan tng két thuc 1a 120
phat. B4 thi biéu dién sy phu thuoc
cua C¢/ge vao Ce theo phuong trinh
dang nhiét hap phu Langmuir Ce/qe =
Ce/Om + 1/(KL.qm) hodc su phu thudc

cua lg(ge) vao Ig(Ce) theo phuong
trinh dang nhiét hap phu Freundlich
19(de) = 19(K¢) + (1/n)Ig(Ce) dang
tuyén tinh dugc trinh bay trong hinh
5. Két qua cho thay, ca hai phuong
trinh déu mé ta kha tét quy luat
diang nhiét hap phu khi cic diém
trén do thi gan nhu thang hang. Tu
do déc cua duong tuyén tinh va giao
diém cua dudng thiang voi truc tung
s& xac dinh duoc cac hang sb trong
cac phuong trinh.
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Hinh 5. &). Biéu dién cac sé lieu hdap phu theo phirong trinh Langmuir
va b) theo phuong trinh Freundlich

C4c s6 liéu thuc nghiém Ce, e tai thoi
diém can bang & cac ndng do 30, 40,
50, 60, 70, 80 va 100 ppm khi thé vao
phuong trinh Langmuir hodc phuong

trinh Freundlich dang tuyén tinh da
duoc xu ly bang phan mém, két qua
duoc trinh bay trong bang 3.

Bang 3. Phwong trinh Langmiur hodc Freundlich dang tuyén tinh va cac tham s¢
cia qud trinh hdp phy ion Cu®*, néng ds tir 30 ppm — 100 ppm.

Phuong trinh Dang tuyén tinh R? K. hoic Kg Om (Mg/Q) 1/n
Langmuir y =0,0198.x + 0,2938 0,9961 6,74.10° 50,51 -
Freundlich y =0,3675.x + 2,2377 0,9866 9,37 - 0,3675
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T két qua trinh bay trong bang 3,
nhan thiy phuong trinh dang nhiét
Langmuir va Freundlich déu md ta
khé tét quy luat dong hoc hap phu ion
Cu” trong mdi trudng nudc khi gia
tri R? déu x4p xi 1. C4c nghién ctiu vé
hap phu ion kim loai ning da cong
b, c6 khi két qua tuan theo
Langmuir, c6 két qua tuan theo
Freundlich, dong thoi ciing ¢6 khong
it két qua tudn theo ca hai mé hinh
[1,8]. Trong nghién cuau nay, ching
t6i nghiéng vé phuong trinh dang
nhiét hip phu Langmuir boi hé sb
tuong quan theo phuong trinh nay 1én
hon. Bén canh d6, dung lwong hip
phu cuc dai tinh theo phuong trinh
dang nhiét Langmuir g, = 50,51
mg/g, gié tri nay rat phu hop voi cac
gia tri thuc nghiém. Hang sé can bang
hép phu K = 6,74.10° (L/mg), twong
duong vai mot sé két qua vé hap phu
ion kim loai nang bang Diatomit bién
tinh mangan di cong b gan day
[8,9]. Vé6i dung luwong hap phu cuc
dai g kha cao, vt liéu Diatomit bién
tinh bang mangan s& dem lai ung
dung 16n trong hap phy xua ly céac ion
kim loai nang trong moi truong nudc.
4. KET LUAN

Qua trinh bién tinh Diatomit bang
mangan theo phuong phdp da trinh
bay trong nghién ctu nay c6 két qua
kha quan, ham luwgng mangan trong
Diatomit chiém ti 18 kha Ion (8,57%
vé khéi luong), vat liu co do xdp va
dién tich bé& mat riéng (115,5 m%g)
cao hon rat nhiéu so voi khi khong
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bién tinh (78,8 m?/g). Vat liéu c6 kha
nang hap phu tét ion Cu®* trong moi
truong nudc voi dung luong hap phu
cuc dai dat 50,51 (mg/g). Quy luat
dong hoc hap phu tuan theo phuong
trinh biéu kién bac 2 loai 2 véi hing
s6 toc d6 hip phu k = 2,84.10° g.mg’
!.giay™. Phuong trinh ding nhiét hap
phu Langmuir va Freundlich déu mé
ta kha tt qua trinh hap phu khi hé sé
tuong quan R? cua c4 hai mé hinh déu
xap xi 1. Trong d6, phuong trinh dang
nhiét Langmuir md ta quy luat hap
phu ¢6 phan thuyét phuc hon véi hé
s6 twong quan R® = 0,9961. Nghién
ciru ndy cd thé ap dung dé xir ly céc
ion kim loai ning va mot s chat co
kha ning gay 6 nhiém khac trong moi
truong nudc.

Loi cam on: COng trinh dugc hoan
thanh nho sy hd tro cua Trung tam
phan tich Hoéa hoc, Truong Pai hoc
Dbong Thap.
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