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Nghién ciru kha nang phén tin mangan dioxit trong hé polyvinyl alcohol
va danh gid kha ning hap phu photphat clia vat liu
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Tém tit:

Nghién ciru tip trung vao viéc cai thién dd 6n dinh va hiéu qua hip phu cia vt liéu MnO, kich thwéc nano trong
madi truwong ethanol/nwéc thong qua viée bd sung polyvinyl alcohol (PVA). Trong khi MnO, ¢6 xu huéng bi két tu
va ling sau 30 ngay trong dung mdi ethanol/nwéc, viéc thém PVA di tao ra mot hé 6n dinh vé mit nhiét dong hoc,
dong thoi ting kha ning bam dinh cia vat liéu 1én bé mit nén. Bing cach sir dung ciac phwong phap phén tich hoa
hoc nhu d9 din dién va d9 nhét, két hop véi ky thuit kinh hién vi quang hoc va hién vi dién tir truyén qua (TEM),
co ché twong tac giira MnO, va h¢ PVA - nuéc - ethanol di dwge lam rd. Piéu nay gép phan lam ndi bat vai trd ciia
PVA trong viéc duy tri dd 6n dinh keo va thuc ddy sw phin bd hat dong déu. Két qua cho thiy, vt liéu MnO,-PVA
¢6 kha niing hip phu photphat t6i da dat 50 mg/g, cao hon 2,4 mg/g so véi vat liéu khong chira PVA. Két qua nay mé
ra tiém ning g dung vit li¢u MnO,-PVA trong xir ly nuéc 6 nhiém chira photphat.

Tir khéa: hip phu, nano-MnQO,, phén tan, photphat, polyvinyl alcohol.
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Abstract:

This study focuses on investigating the stabilisation and functional enhancement of MnO, nanoparticles in
an ethanol/water mixture through the incorporation of polyvinyl alcohol (PVA). While MnO, has a tendency to
particle aggregation and sedimentation after 30 days in ethanol/water-based solutions, the addition of PVA created
a thermodynamically stable system, as well as improved adhesion to substrate surfaces. By using chemical analysis
methods such as measurements of electrical conductivity and viscosity, combined with optical microscopy and
transmission electron microscopy (TEM) techniques, the interaction mechanisms between MnO, and the PVA -
water - ethanol system were clarified. This contributes to highlighting the role of PVA in maintaining colloidal
stability and promoting uniform particle distribution. The results show that the MnO,-PVA material achieved a
maximum adsorption capacity of 50 mg/g, representing a significant improvement of 2.4 mg/g compared to the
unmodified sample. The findings suggest that PVA is an effective additive for enhancing both the stability and
functional performance of MnO,-PVA materials for polluted water treatment.
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1. Dat van de

Trong nhimng thap nién qua, MnO, duogc nghién cliu va
ung dung rong rai trong cac linh vuc nhu dién hoa, hép phu,
xuc tac va oxy hoa. Nhidu nghién ctru tip trung vao kha ning
hap phu ctia MnO, ddi voi cac cation va anion gay 6 nhiém
trong modi truong nude. Cac tai liéu cho thay MnO, c6 kha
nang hip phy manh céc ion kim loai ning nhu Pb?*, Cd?*,
va Hg?" [1-5], cac anion nhu asenat [6] va photphat [3, 5,
7]. biéu nay lam cho MnO, tr¢ thanh mét vat li¢u tiém nang
trong xtr Iy 6 nhiém nuéc.

Theo nghién ctru cua V. Valeika va cs (2006) [8], MnO,
khong chi hoat dong nhu mot vat li¢u hép phu ma con co
kha ning xuc tac trong qué trinh oxy hoa. Cu thé, khi cacbon
monoxit (CO) bi hap phu trén bé mit MnO, va dugc oxy héa
thanh CO,. O nhiét d6 25°C, khoang 8,66 cc CO dugc hip
phu trén mdi gram MnO,, chimg t6 kha ndng tmg dung trong
xtr ly khi thai. Ngoai ra, MnO, ciing da duoc nghién ctru trong
viée hap phu va xir Iy cac khi doc hai khac nhu H,S, benzen,
phenol.

Trong linh vyc xuc tac, MnO, dugc st dung lam chét
xuc tac chon loc va xuc tic quang cho nhiéu phan ung xur
Iy moi trudng [9-11]. Nghién ciru chi ra ring oxy nguyén tir
duoc hinh thanh trén bé mat MnO,, dong vai tro quan trong
trong phan tng oxy hoa ny. Piéu ndy mé ra tiém ning st
dyng MnO, trong xu ly khi thai cong nghiép va lam sach mdi
truong [12, 13].

Vé mit tong hop, MnO, co thé duoc diéu ché thong qua
hai phuong phép chinh: dién phan va hoéa hoc [7, 12, 14, 15].
Trong phwong phép hoa hoc, ¢ thé sir dung phuong phap uét
hoac khé. Trong nghién ctru ndy, nhém nghién cttu tap trung
diéu ché MnO, nano tir KMnO, va H,O, trong h¢ PVA - nu6e
- ethanol. Viéc sir dung PVA giup cai thién sy phéan tan cua cac
hat MnO, nano, déng thoi tao ra hé théng 6n dinh vé& mat nhiét
dong luc hoc.

Dbé danh gia hi€u qua cua vat liéu, nhom nghién ctru da
tién hanh khao sat kha nang hip phu photphat ctia MnO, nano
khi khong c6 PVA lam chat phan tan. Két qua nghién ciu
dugc thuc hién théng qua phuong phap do do dan dién, do
nhot, phan bd kich thude hat cta MnO, trong h¢ PVA - nu6c
- ethanol. Két qua nay 1am sang t6 co ché tuong tac cta MnO,
trong hé phén tan, ciing nhu khing dinh vai trd quan trong ctia
PVA trong vi¢c cai thién hiéu suét hfip phu cta vat li¢u.
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Nhing nghién ctru bd sung, bao gdm: tmg dung cia MnO,
trong luu trlr nang luong, xlc tac quang hoa, xu Iy nudc thai
tiép tuc cung ¢b vi thé coa MnO, nhu mét vt ligu da chic
ndng c6 gia tri trong céc linh vuc cong nghé va mai truong.

2. Doi tugny va phuong phap nghién ciiu
2.1. Héa chit va thiét bi

Hoa chat: La loai hoa chat tinh khiét ding thi nghiém:
KMnO,, H,0 con etylic 90° (C,H,OH) va nugc cét.

272
Thiét bi: May khudy co, may do d6 dan dién nhan hiéu
Oakton pH/CON 510 véi khoang do tir 0,00-199,9 mS, d¢
chinh xac £1%FS; may do dd nhét rung chdn A&D SV-100,
d6 chinh xac cao, d6 1ap lai 1%; kinh hién vi Motic B1-220E
v6i d§ phong dai 10, 40, 100 lan; can phan tich JJ300, do
chinh xac 0,001 g; TEM; ta séy va mot sb cac dung cu, thiét
bi khac.

2.2. Quy trinh thi nghiém

Quy trinh thi nghiém dugc trinh bay ¢ hinh 1.

Po do6 dan dién
Tinh toan Khudv déu vi
I ST
polyvinyl
alcohol, nudc, KMnO4 —
thanol Quan sit bang
¢ kinh hién vi

Hinh 1. Quy trinh thi nghiém ap dung trong nghién ctru.

Tinh toan lugng PVA ¢b dinh, nudce va ethanol theo céac
ty 18 cho trude (tinh theo khdi lwong) voi tong khéi luong
giit khong ddi 1a 100 g, sau d6 duoc khudy déu véi toe do
6000 vong/phut, va cho thém KMnO, da dinh trude vao hé.
Tiép tuc khudy déu, cho tir tir H,O, (lugng da tinh todn trudc
dé phan tmg vira dii v6i KMnO,) dén khi c6 mau nau den la
duoc. San phé"im thu duoc tién hanh xac dinh ciu trac, tinh
chat bang cac phuong phap do d6 nhét, do dan dién, TEM.

2.3. Cac phwong phap xdc dinh ham luwgng photphat
Néng do PO, duogc xéc dinh theo TCVN 6202:2008.

Phan ung gilta ion octophosphat va mdt dung dich axit
chira molipdat va ion antimon tao ra phirc chét antimon
phosphomolipdat. Khir phirc chit bing axit ascorbic tao
thanh phuc chét molipden mau xanh dam. Do do hép thu
mau ciia phirc chit ¢ bude song 880 nm dé xac dinh ndéng
d6 ion photphat trong dung dich [1].
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2.4. Nghién ciru khd néing hép phu photphat ciia vit
lieu

Xac dinh dung lugng hip phu cuc dai photphat trén vét
lidu duoc tién hanh theo phwong phap tinh, ding may lic,
nong do ban dau cua photphat thay ddi tir 1 dén 200 mg/l,
khdi lugng vat liéu la 1 g, pH 7, ¢ nhiét dd phong khoang
25°C. Néng do PO,* dugc xdc dinh theo TCVN 6202:2008.

Panh gia kha niang hip phu cua vét lidu bang phuwong
trinh dang nhiét Langmuir:

c 1 e (1)

Cs bC, C,

trong do: C_: Dung lugng hap phu cuc dai (mg/g); C, C:
Dung lugng hép phu va néng d6 dung dich tai thoi diém can
bang; b: Hé s6 cua phwong trinh Langmuir (dugc xac dinh
tu thyc nghiém). Puong biéu dién C/C, phy thu¢c vao C,
la duong thang c6 do dbc 1/C_va cit truc tung tai 1/b.C, .

< SN R
3. Ket qua va ban luan

3.1. Anh hwéng ciia MnoO, dén dp din di¢n ciia hé
polyvinyl alcohol - nuwéc - ethanol

Khao sat sy phan tan cua MnO, tao thanh trong hé chira
PVA - nuéc - ethanol véi ty 18 cho trude (tinh theo khbi
luong). Lugng KMnO, 0,25 M thay déi tir 1, 2, 3,4, 5, 6
ml. Anh huéng ciia ham lugng MnO, dén do dan dién dugce
trinh bay trén hinh 2.
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Ham lwong MnO2, g

Hinh 2. Anh hwéng cia ham Iwgng MnO, dén dé dan dién cua hé.

Két qua cho thdy, & tit ca cic mau tir 1 dén 6 khi ting
dan khéi luong MnO, tao thanh (tir 0,02 dén 0,1305 g) thi
d6 dan dién giam dan. Didu nay c6 thé do twong tac tinh
dién va hi¢u trng can tré khong gian gitra MnO, v6i PVA [9,
12, 15]. Su phén tan MnO, trong h¢ véi su tuwong tac khac
nhau dugc mo ta ¢ hinh 3.
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Hinh 3. Twong téc tinh dién MnO, va polyvinyl alcohol.

Trén bé mit cac tiéu phan MnO, nano mang di¢n duong
[6], su twong tac tinh dién trai d4u dan dén cac hat MnO, bi
hap phu trén bé mit PVA theo twong tac tinh dién hoic ciing
6 thé cac hat MnO, nam trong cac héc tréng duoc tao baoi
lién két hydro giita nudc va PVA nhu hinh 4.

H H
o
—CHg—CH—CHz—éH—CHz—CH——CH s—CH—CHy—CH—CHy—

CiHs5-0H -+ \H \HMnO2 o .. H-O-CoHs
gréle)n MnO; ;EHEO}DE_
H " - k """'-,,".I"I -
\‘f \? MnO; cl)/

—CHy-CH— CHy—CH— CHy—CH—-CH3—CH—CH;~CH—CHz—
GH-OE g  CH-0H* My
Hinh 4. Twong tac khéng gian MnO, va polyvinyl alcohol.

Tién hanh chup danh TEM ctia h¢ keo MnO, tai Vién V¢
sinh Dich t& trung wong, két qua dugc trinh bay ¢ cc hinh

5vae.

100 nm
Hinh 5. Anh kinh hién vi dién ti truyén qua ctia méu c6 polyvinyl
alcohol, phong dai 100.000 lan.

Tu anh TEM cho théy, céac hat MnO, ¢6 kich c& nanomet
bam trén cac chudi mach PVA tao thanh nhimg mach x08n
dai. Piéu nay khac han so voi mau tong hop trude do khi
khong c6 PVA (hinh 6).
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S8nm

%0 exu :
Hinh 6. Anh kinh hién vi dién ti truyén qua khi khéng cé polyvinyl
alcohol vé&i dé phéng dai 100.000 lan.

X108K

3.2. Anh hwéng ciia MnO, dén dp nhét ciia hé polyvinyl
alcohol - nwoc - ethanol

Tién hanh khéo sat sy 4nh huéng ctia MnO, dén do nhét
ctia hé PVA - nudc - ethanol cho thiy ring, khi lwong MnO,
tang tir 0,02 dén 0,13 g (tuong tng vai ty 16 KMnO, ting
tir 1 dén 6 ml), do nhét ting gan 25%. Két qua dugce trinh
bay trén hinh 7.
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Ham hrong MnO:

Hinh 7. Anh hwéng ciia ham lwong MnO, dén dé nhét chia he.

Diéu nay duoc giai thich bang sy hinh thanh 16p polyme
bao quanh hat MnO,, lam tdng d0 can tr¢ khong gian trong
hé. Theo K.M. Parida va cs (1981) [12], polyme PVA c6 kha
ning ting d6 nhot khi twong tac véi oxit kim loai nhu MnO,.
Ngoai ra, S.P. Mishra va cs (2027) [6] ciing nhan dinh ring,
d6 nhét ting khi hé oxit hydrat dugc phén tan tot trong dung
dich, diu nay giam sy chuyén dong tu do cua ion [6]. Trong
nghién ctru ndy, 6 nhét cao nhat dugc quan sat 1a 6,5 mPa.s
v6i ty 16 KMnO, cao nhét. Két qua TEM & cac hinh 5 va 6
cho thdy ring, MnO, phan tan dong déu trong polyme nho
vai tro cia PVA. M.I. Zaman va cs (2029) [14] khang dinh
rang, polyme ting tinh 6n dinh Iam han ché tinh trang von
cuc, gitp duy tri do nhot dong nhat trong hé.

Qué trinh thi nghiém ciing cho thdy, ty 1¢ nudc/ethanol
phu hop 1a 1/2. Lugng MnO, nano phén tan tbi da trong hé
100 g 12 0,1305 g.
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3.3. Khao sadt khd nang hd'p Phu photphat ciia vt liéu

Xdc dinh thoi gian cdn bang hap phu photphat: Nong
do dau vao: 10 mg/l; khéi luong vat liéu: 1 g; thé tich dung
dich hép phu: 100 ml; thoi gian hép phu: 1,2,3,4,5,5,5,6,
7 gio. Két qua khao sat thoi gian can bang hap phu cia vat
liéu thé hién & bang 1.

Bang 1. Két qua khao sat thoi gian can bang hap phu cua vat ligu.

Théi gian (gio) 1 2 3 4 5 55 6 7

Higu suat hép thu (%) 38,6 56,1 67,1 758 844 87,7 90,1 90,3

Tir dd thi hinh 8 ¢ thé thiy, dén khoang thoi gian 6 gid
thi kha nang hép phu cua vat licu gﬁn nhu dat can béng. Vay
thoi gian dat can bang hip phu cta vat lidu 1a 6 gio.

100
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0
0 4| 2 3 - 5 6 P 8

Thoi gian, gio
Hinh 8. D4 thi biéu dién th&i gian can bing hap phu cia vat liéu.

Xdc dinh tdi trong hcfp phu cuc dai photphat cua vt
liéu: Két qua cac hinh 9, 10 cho thiy, tai trong hip phu cuc
dai ion photphat cua vat liéu la 50,00 mg/g. Tai trong nay
cao hon 2,4 mg/g so v6i mau vat liéu khong sir dung phan
tan PVA [2]. Diéu nay c6 thé do khi st dung PVA céc hat
MnO, nano dugc phan tan ddng déu trén vat lidu nay va
khéng bi von cuc, dan dén ting kha nang hap phu PO . cua
vt liéu hip phu.

Biéu db dwong ding nhiét hip phu
35
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15

10

Luwong chit bi hip phu (mg/g)

0 20 40 60 80 100 120
Nong d6 can bing cia dung dich (m/1)

Hinh 9. Bwong cong hap phu cua vat ligu.
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Hinh 10. Buwong xac dinh tai trong hap phu cia vat ligu.

4. Két luan

Céc két luan chinh ciia nghién ctru nhu sau: Da tong hop
duge MnO, kich thuge 15 nm (c6 PVA) va 30 nm (khong
c6 PVA). PVA ¢6 vai tro lam phan tan cac hat MnO, nano
gin 1én mach polyme hoic ciing ¢6 thé ndm trong cac hic
tréng dugc tao boi PVA - nudc - ethanol. Ham lugng MnO,
t6i da c6 thé phan tan 1 0,1305 g trong hé 100 g hdn hop
PVA - nudc - ethanol; tao dugc vat li¢u co6 tai trong hép phu
ion photphat cao, cu thé 1a 50 mg/g.
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