CONG NGHE

NGHIEN CUU KHA NANG HAP PHU Ph(l1) TRONG NUOC
BANG VAT LIEU CARBON SULFO HOA TU' MUN CUA

STUDY ON THE ADSORPTION OF Ph(Il) IN AQUEQUS SOLUTION
WITH MATERIAL BASED ON SULFONATED CARBON FROM SAWDUST

TOM TAT

Trong bai bao nay, vat liéu trén co sé carbon sulfo héa dugc ché tao tir man
oura. Tinh chét clia vat liu duroc dic trung béng céc phirong phép FT-IR, BET, SEM,
chudn dg axit- bazo. Dién tich b& mét riéng vét liéu 423,4 m¥/g, tong lrong tam
(~OH, =COOH, —S0,H) va —S0;H trong ting la 4,53 mmol.g™* va 1,14 mmol.g™.
Kha nang hap phu Pb** trong nudc trén vat liéu duoc nghién ciu. Két quéa xac
dinh & diéu kién thich hop pH = 4, thoi gian can bang h&p phu 90 phit. D liéu
thuc nghiém duoc phan tich bdi 2 phuong trinh hép phu dang nhiét phi tuyén:
Langmuir, Freundlich. Dung lugng hap phu circ dai Pb** theo mé hinh Langmuir
dat 4,228 mg/g va K la 1,555 mg/g theo m hinh Freundlich.

Tlr khéa: Carbon sulfo, min cira, hap phu, Pb%,

ABSTRACT

In this paper, material based on sulfonated carbon is produced from
sawdust. Properties of material are characterized by methods including FT-IR,
BET, SEM and Acid-Base Titration. Surface area of the material is 423,4 m¥/g,
total amount of center function (-OH, -COOH, -SO;H) and -SO;H is respectively
4,53 mmol.g-1 and 1.14 mmol.g-1. The adsorption of Ph** with sulfonated
carbon based material in aqueous solution is researched. The determined result
at appropriate pH condition of 4, the adsorption equilibrium time of 90 minutes.
Experimental data was analysized using two non-linear isotherm models:
Langmuir, Freundlich. The maximum adsorption capacity of Pb** was 4,228
mg/g by Langmuir equation and K was 1,555 mg/g by Freundlich.
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1. MG BAU

Van dé loai bé cac ion kim loai nang trong nuéc duoc
cac nha khoa hoc dac biét quan tam trong thoi gian gan
day vi nhitng anh huéng va tac hai nghiém trong ctia né toi
moi trudng va strc khée cong dong. Cac ngudn phat sinh
kim loai nang chu yéu dén tir mot s6 nganh céng nghiép
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Nguyén Manh Ha,*", Mai Ngoc Khanh Toan?,
DPao Thanh Huong', Nguyén Minh Bang?, Vi Thi Thu Ha?

dac thu nhw luyén kim, khai thac mé, ma dién va tir cac lang
nghé tai ché nhua, acqui. Cac kim loai nay gay 6 nhiém
nguén nudc ngam, anh hudng tryc ti€p dén nguon nudc
sinh hoat cling nhu stc khée con ngudi. Trong dé, chi la
mot trong nhitng nhom kim loai ndng rat doc. Co thé khi bi
nhiém chi tly theo ham lugng s& gay anh huwéng dén hé
than kinh trung vong, tiéu hoa, than, gan, sinh san [1-4] va
dan dén nhiéu can bénh nguy hiém kho chita [5,13]... C6 rat
nhiéu phuong phap loai bé kim loai nang trong nuéc nhw
phuong phap trao doi ion, hdp phu, oxi héa, thdm thau
nguoc,... trong dé phuong phap hdp phu hién nay dang
duoc st dung rét rong rai vi dé thyc hién, hiéu suat cao, cac
chét hap phu cé thé tai sinh béi qua trinh giai hap [3].

Trong nhirtng ndm gan day, mot trong nhitng huéng
nghién clru m@i, than thién véi moi trvdng dugce tap trung
nghién ctru dé 1a tdng hop vat lieu hdp phu cac kim loai
trong nuwac tir cac vat liéu sinh khoi ty nhién. Uu diém cla
no la it hodc khdng phai b6 sung cac hda chat vao dong
thai nén khéng gay cac &nh hudng thit cap dén moi trvong
ma con co thé thu hoi cac kim loai. Mot s vat liéu sinh khoi
da dwoc nghién ctru nham xt Iy kim loai ndng trong nwéc
nhuv la rom ra [5], 18i ng6, xo dira [6], trdu [7], mun cwa [8, 9],
vé céc loai dau [10]... Cac két qua nghién ctru da chiing
minh r&ng nhiéu vat liéu ty nhién cé s&n & dia phuong c6
thé sir dung dé thay thé vat liéu hdp phu dat tién véi hiéu
gua tuvong duong.

Vat liéu trén co s& carbon sulfo héa hién dang la mot
trong nhitng hvéng nghién cru déi véi cac nha khoa hoc
trong nhiéu Iinh vuic nhw xdc tac téng hop hitu co,... voi
dién tich bé mat riéng Ién, dong thoi trén vat liéu con cé
cac nhoém chirc -SO4H, -COOH, -OH [19].

Bai bao nay trinh bay phwong phap tong hop va dac
trng tinh chat vat liéu hap phu trén co sé carbon sulfo héa
tir mun cwa. Bong thoi nghién clru anh huéng cla cac yéu
t6 dén kha nang hap phu chi cda vat liéu nhu pH, thoi gian
ti€p xuc, lvgng vat liéu hap phu.

2. THUC NGHIEM
2.1. Hoa chat, nguyén ligu

MUn cua tai xudng san xuét do gb & Hoai Birc, duoc sdy

kho & 100°C, nghién, ray dén kich c& 0,15-0,85mm.
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Cac hoa chat NaCl, H,50, 98%, Pb?* ¢6 ngudn goc tir
Merck. Cac dung dich chudn NaOH 0,1M, HCI 0,1M dugc
cung cap bé&i Samchun (Han Quéc). Nwéc cat hai lan dé ion
duwoc diéu ché tai phong thi nghiém.
2.2.Ché taovatliéu hap phu

- Giai doan than hoéa: 40 gam mun cuwa dugc nhiét phan
trong thiét bi nhiét phan kiéu dong lién tuc, & 400°C trong
4 gio (t6c do gia nhiét 10°C/phdt, tir nhiét d6 phong dén
400°C), trong méi treong khi N,, véi lvu lwgng 100 mL/phdt.
San pham thu dugc ¢ mau den la than nhiét phan.

- Giai doan sulfo hda: 15 gam than nhiét phan dugc
khudy cung v6i 150 mL H,S0, 98%, trong binh cau thay
tinh 3 ¢6, dung tich 250 mL, trong 15 gi¢. D& ngudi hé phan
ng rdi pha lodng tir tir hdn hop thu dwoc véi mot lit nwdc
cat. Loc, rira sach chét ran bang nudc cat ndng (> 80°C) dén
khi trong nuéc rlra khdng phat hién thdy ion sulfate (thr
bang dung dich 10% BaCl,). Sdy chéat ran & nhiét do 105°C
trong 8 gio, san pham thu duoc la vat liéu hap phu carbon
sulfo hoa.

2.3. Quy trinh hap phu va do ham lvgng Pb?* trong nuwéc

Can 0,2g vat liéu cho vao 25ml dung dich Pb?* 20 mg/I.
Diéu chinh t6i pH = 4 bang HNO, 0,1N; NaOH 0,IN. Lac hon
hop trong 90 phat trén may l&c voi téc dd 125 vong/phit
dé dat can bang hdp phu. Loc dung dich bing mang loc
PTFE ¢ = 0,45um. Lay 2,5ml dung dich loc cho vao binh
dinh mtc 25 ml, thém 7ml dung dich dém axetat co
pH = 5,6 va 0,25ml dung dich HgCl, 0,1M, sau do dung
nudc cét 2 1an dinh mic dén 25ml, Ic déu. Dung dich thu
dugc dem xac dinh ham lvgng Pb? theo phuong phap
Von - Ampe hoa tan anot. Cac gia tri néng do sau khi xac
dinh déu duoc tinh toan va dua vé néng dd goc ban dau
cla dung dich phan tich. Hiéu suét va dung lvgng hap phu
trén vat liéu duoc tinh theo cong thirc:

(Co —Ce).100 _(Cy—Cp) V1072
Co 4= m '

Trong do6:

g: Dung lvgng hdp phu tai thoi diém can bang (mg/g)

H: Hiéu suat hap phu (%)

C,. Nong do ion kim loai ban dau (mg/L)

C.. N6ng dd ion kim loai con lai sau hap phu (mg/L)

V: Thé tich dung dich chiraion kim loai (mL)

m: Khi lvgng vat liéu (g)
2.4. M6 hinh d&ng nhiét hap phu

Két ,qué nghién ctru duvgce phan tich dya trén hai mo
hinh dang nhiét hap phu phd bién la Langmuir (1) va
Freundlich (2):

H= (%) mg/g)

K,C C 1 1
0= Omax ———— hay =L =——C; + (1)
1+K Gy d  Omax OmaxKL
1 1
a=KgCs" hay Igq=IgK +=IgC; 2
n

Trong do6:

C Ndng do can bang ctia ion (mg/l)

Omax. DUNG lvong hap phu cuc dai (mg/g)

K,: Hang s6 hap phu Langmuir

Ke: Hang s6 Freundlich
2.5. bac trvng tinh chat ctia vat liéu

Ph6 hong ngoai (IR) clia vat liéu duwgc dwgc ghi trén may
Nicolet 6700 FT-IR Spectrometer tai Pai hoc Bach khoa Ha
NOi; anh kinh hién vi dién tir (SEM) dwoc chup tai Vién Vé
sinh dich té Trung wong, trén may Field Emission Scaning
Electron Microscope S-4800; dién tich bé mat riéng tinh
theo phuwong trinh BET clia mau vat liéu dwgc xac dinh
bang may BET Micromeritics 201-A, Dai hoc Bach khoa Ha
Noi; ham Ivgng Pb?* dinh lvong bang phuong phap Von -
Ampe hoa tan anot trén thiét bi phan tich dién héa da chirc
nang Autolab (Ha Lan), BPai hoc Cong nghiép Ha Noi. Lvgng
tam axit —SO,H va téng tam axit dwvoc xac dinh bang
phuong phap chuén do axit-bazo [20].
3. KET QUA VA THAO LUAN
3.1. Bac trng tinh chat cda vat liéu carbon sulfo héa

3.1.1.Ph6FT-IR

K&t qua phé hong ngoai clia mau vat liéu tredc va sau
sulfo hda duoc trinh bay ¢ hinh 1. So sanh phd IR trén hinh
1 clia hai mau trwéc va sau khi sulfo héa nhan thay, mau
sau khi sulfo héa xuét hién cac dinh peak mgi tai s6 séng
1035,7cm™?, 1184,7cm™ va 1695,0cm™ tuong (ng voi cac
dao dong kéo cang dbi xirng va khéng db6i xing cua
0=S=0 trong nhém -SO;H va dao dong clia C=0 trong
nhém —-COOH [14,15]. Peak & s6 song khoang 3412,0cm™ la
dao ddng cia nhém —OH trong phenolic [16]. &' khoang
1616,1cm™*ng voi dao déng clia C=C trong vong thom.
Piéu nay chi*tng té qua trinh sulfo hoa da gén thanh cong
nhém -SO,H vao vong thom clia san pham cla qué trinh
nhiét phan.

Transmittance(%)
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Hinh 1. Ph6 IR ciiaméu truéc sulfo héa (B) va mau sau khi sulfo hda (A)
3.1.2. Anh SEM ctia vat liéu

K&t qua anh kinh hién vi dién t&r quét SEM ctia mau vat
lieu carbon sulfo hoa duoc trinh bay & hinh 2. Tir két qua
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chup SEM cta vat liéu carbon sulfo héa, ta thay vat liéu co
c4u trtc dang bé soi nhiéu 16 6ng da thanh, c6 nhiéu 16 x6p
va mao quan c6 kich thuéc cd nm. Trén thanh bo sgi con c6
céc I6p vay c6 thé dugc tao nén tlr hé thong da vong thom
ngung tu [16]. Biéu nay, dan dén lam tang dién tich bé mat
cla vat liéu.

$

: 4800-NIHE 100K Dk SE(M) 2/2
Hinh 2. Anh SEM clia vt liéu carbon sulfo héa
3.1.3. Dién tich bé mat riéng va lvgng tam axit
Dién tich bé mat riéng va lwgng tam axit clia vat liéu

duoc trinh bay & bang 1.

Bang 1. Dién tich b& mat riéng va lrong tam axit cla vat liéu

Dién tich bé mat riéng Lugng tdm axit trén vat liéu
BET (m*.g?) carbon sulfo héa (mmol.g*)
Thannhiét | VAtliéucarbon | Tamaxit—SOH | Tdng tam axit
phén sulfo hda
0,59 4234 1,14 453

T két qua trong bang 1 nhan thdy, mun cua sau nhiét
phan khéng hoan toan cé dién tich bé mat riéng thap
0,59m?g?, diéu nay phl hop véi cac nghién ciu [5,6,16].
Tuy nhién, sau khi sulfo héa thi dién tich bé mat riéng tang
Ién rat nhiéu 423,4m*g™ Dién tich bé mét riéng tang Ién
sau qua trinh sulfo héa cé thé dwgc giai thich la do sv oxy
héa cuia axit H,SO, tiép tuc cat dit cdu trdc mach carbon,
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dong thoi tao thém nhiéu nhém chic trén vat liéu xuc tac.
Tong tdm axit (-SO,H, -COOH, -OH) trén xUc tac la
4,53mmol.g*, diéu nay c6 thé lam tang kha nang lién két
gilra ion kim loai v&i cdc nhém chic trén vat liéu.
3.2. Cac yéu t6 anh hudng toi kha nang hdp phu Pb*
clavatliéu

3.2.1. Anh hwéng clia thoi gian hap phu

Thoi gian hap phu la mét yéu t6 dnh hwéng quan trong
t6i kha nang hap phu cta vat liéu. Két qua duoc trinh bay

trén hinh 3.
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Hinh 3. Anh huéng ctia thoi dén qua trinh hap phu ion Pb2*

Tl két qua thu dugc ta thay, khi thoi gian hdp phu tang
[én tir 30 dén 90 phut thi kha nang hap phu tang lén dang
ké do khi thoi gian tang |én thi cac ion di vao cac mao quan
cla vat liéu hap phu nhiéu hon, do d6 hiéu suat hap phu va
tai trong hap phu tang I&n. Sau 90 pht, kha nang hap phu
cla vat lieu dat can bang, céc ion kim loai da di vao t6i da
nén du thoi gian hap phu tiép tuc tdng nhwng dung lugng
hap phu ciing khéng tang lén dang ké. Do do, thoi gian
ha&p phu thich hgp la 90 phit va dugc chon cho cac nghién
ctru ti€p theo.

3.2.2. Anh hwéng ctia pH

pH anh huwéng rat I6n dén quéa trinh hdp phu. Su thay
ddi pH chia méi truong dan dén su thay d6i vé ban chéat cla
chat hap phu, cdc nhdém chiic bé mat, thé oxi hoa kht,
dang ton tai cda chat hdp phu [12]. KEt qua nghién clu
duwgec trinh bay trén hinh 4.
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Hinh 4. Anh huéng ctia pH dén qué trinh hap phu ion Pb?*
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TUr két qua cho thay, tai pH = 4, dung lvong hap phu
Pb?* clia vat liéu dat gié tri cao nhét. &' pH I6n hon 4, dung
lwvong hap phu chi clia vat liéu giam, ¢é thé do chi tén tai &
dang hydroxo PbOH* va hidroxit Pb(OH),, dan dén hiéu
sudt hap phu gidm [18]. Vi vay, chon pH = 4 la pH hap phu
thich hgp d6i véi Pb*,

3.2.3. Anh hwéng ctia lvgng vat liéu hap phu

Két qua anh huwéng cla lwgng vat lieu hap phu duoc
trinh bay ¢ hinh 5.
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Hinh 5. Anh hiréng ctia lirong chat hap phu dén qué trinh hap phu ion Pb?*

Két quéd cho thdy, hiéu suat hdp phu cuc dai dat 87%
déi vai dung dich Pb?* khi lwvgng chat hap phula 0,2 g. Khi
ti€p tuc tang lvong chat hap phu, hiéu suat hip phu gan
nhu khong thay déi va dan dat dén trang thai can bang.
Do do, ta chon lvgng vat liéu hap phu la 0,2g/25ml dung
dich Pb** ndng dé 20 mg/I cho céc khao sat qua trinh hap
phu tiép theo.

3.3. Nghién ctru mé hinh d&ng nhiét hap phu

Dé nghién cttu md hinh ddng nhiét clia qua trinh hap
phu Pb® trong mai tredng nwéc, cac két qua dugc danh gia
theo hai mé hinh ph6 bién la Langmuir va Freundlich. Céc
thi nghiém duwgc ti€n hanh & nhiét do phong voi cac diéu
kién thich hgp pH = 4, thoi gian hap phu 90 phat, ndng do
Pb? tang dan tir 15 dén 30 mg/l. Dung lvgng hap phu cla
vat liéu dwogc tinh theo phuong trinh (1), (2) va duong hap
phu dang nhiét twong (ng dwoc thé hién trong hinh 6.
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Hinh 6. St h&p phu dang nhiét Pb?* theo c&c md hinh Freundrich (a) va
Langmuir (b)

Bang 2. Céc thong so clia hai md hinh dang nhiét hap phu Langmuir,
Freundlich clia vat liéu hap phu Pb?*

lon Péng nhiét Freundlich Péng nhiét Langmuir
Kim loai K, R’ Omax (MY/Q) R?
Ph* 1,555 0,9624 4,228 0,9465

Tl d6 thi hinh 6 va bang 2, ta thdy qua trinh hap phu
cla vat liéu doi vai ion Pb?" déu tuan theo ca hai md hinh
dang nhiét Langmuir, Freundlich va c6 do tin cay cao (md
hinh Langmuir cé R? = 0,9465, va R?= 0,9624 theo m6 hinh
Freundlich). Dung lwgng hap phu cuc dai clia vat liéu hap
phu doi vai Pb* tinh theo mé hinh Langmuir dat 4,228
mg/g va hang s6 K, theo mé hinh Freundlich 1a 1,555 mg/g.
4. KET LUAN

Pa ché tao thanh céng vat liéu hap phu carbon sulfo
hoa tlr mun cua. Vat liéu c6 kha nang hap phu Pb* trong
dung dich nuéc voi pH = 4, thoi gian hap phu la 90 phut,
lvgng vat liéu hap phu t6i wu la 0,2g cho 25ml dung dich
Pb? nbng d6 20 mg/Il. Qua trinh hap phu cua vt liéu doi
vGi ion Pb?* déu tuan theo ca hai md hinh déng nhiét
Langmuir, Freundlich va cé do tin cay cao. Dung lvgng hap
phu cuwc dai clia vat liéu hap phu déi véi Pb?* tinh theo mo
hinh Langmuir dat 4,228 mg/g va hang s K; theo md hinh
Freundlich la 1,555 mg/g.
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