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NGHIEN CUU KHA NANG HAP PHU Fe(IIl) CUA THAN CHE TAO TU CAY
SEN HOAT HOA BANG AXIT SUNFURIC

Vii Thi Hau
Truong Pai hoc Su pham - DH Thai Nguyén

TOM TAT

Bai bao nay trinh bay cac két qua nghién ctru vé kha ning hap phu Fe(III) ctia than ché tao tir cay
sen (than sen) hoat hoa bang H,SO,. Céc thi nghiém hép phu tinh duoc tién hanh vai cac thong s6
sau: khdi luong than sen: 0,05g; thé tich dung dich Fe(IIl): 50mL; pH ~2,5; téc do lic 250
vong/phut; thoi gian dat can bang hap phy 14 120 phat ¢ nhiét ¢ phong (25+1°C). Trong khoang
nhiét do khao sat tir 303 + 323K, x4c dinh dugc cac gia tri AG® < 0; AH® = - 6,65 kJ/mol ching to
qué trinh 13 ty xay ra va toa nhiét. Mo ta qua trinh hip phy theo mé hinh déng nhiét Langmuir va
Freundlich cho thay qué trinh hap phu Fe(III) trén than sen phtt hop véi mé hinh Langmuir. Dung
luong hap phu cuc dai & 298K theo md hinh dang nhiét hap phu Langmuir 1a 35,71mg/g. Dung
luong hap phu dong tuong tmg vai te dd dong 1,5; 2,0 va 2,5 mL/phit 1an luot 12 20,61; 18,91 va
15,94 mg/g. Dung dung dich HNO3 dé giai hap thu hdi Fe(III) cho hiéu suét trong dbi cao.

Tu khoa: hdp phu, Fe(Ill), than, sen, dcfng nhiét Langmuir.
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STUDY ON ADSORPTION CAPACITY OF Fe(111) ON CARBON DERIVED FROM
LOTUS ACTIVE BY SULFURIC ACID

Vu Thi Hau
University of Education - TNU

ABSTRACT

This paper focus on the adsorption of Fe(lll) in aqueous solution on carbon derived from lotus
activated by sulfuric acid. The experiments were conducted using the following parameters:
absorbent mass is 0.05g; the solution volume is 50 mL; pH = 2.5; shaking speed is 250
rounds/minute; equilibrium time is 120 minute at room teperature (25+1°C); optimal volume of
adsorbent was 0.5 g (Veeqiy= 50mL; Cq, reqy ~ 50 mg/L). In the temperature range of 303 - 323K,
the values of AG® < 0; AH® = -6.65 kJ/mol implicates that the process is self-inflicted and
exothermic. Description of adsorption process according to Langmuir and Freundlich isotherm
models shows that Fe (I11) adsorption on carbon lotus is suitable for Langmuir model. Maximum
adsorption capacity is calculated by the Langmuir adsorption isotherm model as 35.71 mg/g at
298K. Moving capacity corresponds to the flow rate of 1.5; 2.0 and 2.5 mL/min of 20.61; 18.91
and 15.94 mg/g, respectively. HNO; of solution was used to recover Fe(l1l) with high effective
elution.
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1. Mé diu

Ngay nay cung v6i sy phat trién cac nganh
cong nghi¢p, giao thong ... da lam gia tang
céc chat gay 6 nhiém. Ngudn nude 6 nhidm la
mdt trong nhing van dé quan trong ddi véi
mdi qudc gia. Cac chit giy 6 nhidm co thé 1a
thude trir sau, kim loai nang, thudc nhudém
chtra cac chét hiru co — 1a nhitng chit gay
nguy hiém d6i véi stc khoe con nguoi. Sat 1a
nguyén t6 vi luong, can cho co thé con ngudi.
Tuy nhién, co thé ngudi hip thu luong sit
vuot qua mic can thiét thi luong sit thira nay
lai tré nén ddc. Nhitng doc tinh cua sét
thuong gip la: chung chan an, tiéu it, tiéu
chay, ha than nhiét, thém vao d6 c6 thé bi tic
nghén mach mau cia duong ti€u hoda, ndo,
tim, gan, trén than va tuyén tc [1-2]. Nhiéu
phuong phap xir Iy ngudn nudc hiéu qua ma
chi phi thap da dwoc tim kiém: hap phu [5-9],
dién hoa [3], trao ddi [4] dugc st dung rong
rdi boi cau trac 16 va dién tich bé mat riéng
16n ctia n6. Chat hip phu c¢6 thé co ngudn gdc
tr cac san phérn cong nghiép, thyc vat hodc
phé thai ndng nghiép, chit thai ran. Trong bai
bao nay, ching t6i nghién ciru kha ning hip
phu Fe(III) theo phuong phap hip phu tinh va
hap phu dong, st dung chit hap phu la than
ché tao tir cAy sen hoat héa bang axit
sunfuric.

2. Thuc nghiém

2.1 Héa chit va thiét bi nghién ciru

2.1.1 Héa chat:

Dung dich chuén Fe(NO;); 1000 + 2 mg/L
(Merck); HNO3; 65%; 1,10 — phenanthroline
(Merck); Hydroquinone (Merck); CH;COOH

99%; CHsCOONa. Tat ca hoa chat trén déu
¢6 d0 tinh khiét PA.

2.1.2 Thiét bi nghién ciru: May lic, tu séy,
may do pH, t}}iét’ bi ray, can phan tich 4 so,
may quang pho hap thu phén tir UV- 1240.
2.2 Ché tao vit ligu hdp phu

Chuén’ bi nguyén liéu va quy trinh ché tao vat
liéu hap phu da dugc trinh bay trong nghién
cuu trudce [7].

2.3 Quy trinh thwc nghi¢ém va cdc thi
nghiém nghién cuu

2.3.1 Quy trinh thuc nghiém

Trong mdi thi nghiém hap phuy tinh:

- Thé tich dung dich Fe(III): 50 mL véi ndng
dd xac dinh.

- Lugng chit hip phu: 0,05 g

-Thi nghiém dugc tién hanh & nhiét d6 phong
(25+1°C), s dung may lic véi toc do 250
vong/phat.

Trong mdi thi nghiém hap phu dong:

- Lugng chit hip phula 0,5 g;

- Nong do ban dau cta dung dich Fe(l1l): 49,5
mg/L.

- Thé tich 14y mau cho mdi lan phan tich 1a 50 mL.
Trong mdi thi nghiém giai hip:

- Chét rira giai 1a HNOj; ¢6 nong d6 xéc dinh.
- Thé tich ldy mau cho mdi 1an phén tich 1a 10 mL.
2.3.2 Cdc thi nghiém nghién cuu:

+ Céac th,i nghi¢ém khéq sat mot sd yéu td anh
huong dén qua trinh hép, phu Fe(Ill) ctua than
sen theo phuong phap hap phu tinh dugc tom
tat trong bang 1.

Bang 1. Cdc théng sé hap phu

Théong s6 hdp phu  Nong dp ddu Fe**  pH  Thoi gian (phat)  Nhiét d (K)
(mg/L)
Mot s6 yéu t6 dznh hwong
pH 53,78 1+2,5 120 298
Thoi gian 54,28 t6i uru 10 + 150 298
Nhiét do 51,32 t6i uu t6i uu 303 + 323
Nong d¢ dau va xac dinh g 22,68 + 156,95 t6i uu t6i uu 298

+ Thi nghiém hép phu Fe(II) cua than sen theo phuong phap hip phu dong:

26

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Vii Thi Hau

Tap chi KHOA HOC & CONG NGHE DHTN

200(07): 25 - 32

- Anh huong cua toc d6 dong chay: Toc do
dong nghién ctru: 1,5; 2,0; 2,5 mL/phut; pH
cta dung dich Fe(IIl) duoc diéu chinh dén pH
t6i uru.

- Thi nghiém giai hap phu: ding dung dich
HNO; ¢6 néng ds6 0,5; 1,0 va 1,5M dé thuc
hién giai hap Fe(III).

Hiéu suat hap phu ctia qua trinh hap phu dugc
tinh theo cong thuc:

H_C.—C
C

.100% Q)
(o]

Trong do:

- H: hiéu suat hap phu (%)

- (;o, Ce n6ng dd ban dau va néng do tai thoi
diém t ctia dung dich Fe(III) (mg/L)

Mo hinh hip phu ding nhiét Langmuir:

Co_ Lt )
q qmax qmax'|<L

M5 hinh hip phu dang nhiét Freundlich:

1
ng:ngﬁﬁ-lng ©)

Trong do:

- 0, Omax: dung lwong hip phu va dung luong
hap phu cuc dai (mg/g).

- Cep: néng do Fe(IIl) tai thoi diém can béng
(mg/L).

- K_: hing s6 Langmuir

- Kg: hiang s6 Freundlich

-n: hang s6 van >1.

Su bién thién ning lugng tu do (AG®), entanpi
(AH®) va entropi (AS°) ctia qua trinh hap phu
dugc tinh toan bang cach st dung cac phuong
trinh sau [7]:

q .
K —_— € 4 )
C C ( )

AG® =—RTInK, 5):
AG® _ AH® AS°
RT RT R

Trong d6: K¢: hang s6 can bang; R: hang sd
khi (R = 8,314 J/mol.K); T: nhiét 46 (K).

InK, =-

(6)

3. Két qua va thao luin
3.1 Mgt s6 diic diém bé mt ciia than sen ché
tao dwoc

Mot s6 tinh chét 1y hoa cia than sen ché tao
duoc br:ing cach hoat hoa vo1 axit sunfuric
nhu: dién tich bé mat riéng (BET); anh hién
vi dién tir quét (SEM); phd tan sic ning
luong (EDX); chi s6 hap phu iot; diém dang
dién da duoc trinh bay trong nghién ctru trude
[7]. O day chi tom tit mot sb thong sb cua
than sen ché tao dugc: dién tich bé mit riéng
la 10,35 m?/g; chi sé hép phu iot 1a 762 mg/g;
diém ding dién 1a pI = 6,31.

3.2 Khdo sdt mét so yéu té anh hwéng dén
qud trinh hép phu Fe(IIl) ciia than sen theo
phwong phdp hép phu tinh

3.2.1 Anh hwéng ciia pH

Su hép phu ion kim loai ning phu thudc nhiéu
vao pH trong dung dich. Két qua nghién ciru
anh hudéng cia pH dén dung luong hip phu
Fe(III) ctia than sen dugc trinh bay ¢ hinh 1.

400
35.0 <
- 300
>
E)‘n 0
o

05 1 15 2 25 3
pH
Hinh 1. Anh hieong ciia pH dén dung lrong hdp
phu Fe(lll) cua than sen

Két qua hinh 1 cho thay trong khoang pH
khao sat khi pH tang thi dung luong hdp phu
ion Fe* cua than sen ting. Piéu nay c6 thé
duogc giai thich nhu sau: khi pH thip (ndng do
ion H cao) xay ra sy hip phu canh tranh giita
ion H* va Fe* do d6 lam giam dung luong
héap phu. Khi pH ting, ndng d6 H" giam con
noéng do Fe** khong d6i vi vay dung luong
hap phu Fe** tang. Khi pH > 3, phan tmg thily
phan Fe* xay ra dén clng tao két taa sat (I1I)
hidroxit [8] nén chung t6i chi khao sat trong
mién pH < 3 va chon gid tri pH = 2,5 lam gi4
tri toi wu cho cac nghién ctru hip phu tiép theo.
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3.2.2 Anh huwéng ciia thoi gian

Két qua nghién ctru anh huéng cta thoi gian

Két qua hinh 2 cho thiy: Trong khoang thoi
gian khao sat tir 10 + 150 phdt thiy rang tir

10-120 phut dung lugng hap phu ting, tir

dén dung lwong hip phu Fe(IIl) cua than sen 1
120+150 phut dung lugng hap phu tang cham

dugc trinh bay ¢ hinh 2. Y d
300 va dan on dinh (qua trinh hap phu da dat can
26.0 e P ol bz:?mg). Do d6 chung t6i chon thoi gian dat cér}
220 /,,I/ bang hap phu cta cia Fe(Ill) 1a 120 phuat de
E 2 Y tién hanh cac thi nghiém ti€p theo.
18.0 g
o ./ 5
14.0 3.2.3 Anh huong cua nhiét do
10.0 e ) cn ., R , cn am K
p 5 3 5 A K&t qua nghién ctru anh hudng ctia nhiét d6 dén

dung luong va hiéu suit hip phu Fe(Ill) ciia
than sen dugc trinh bay & bang 2.

Thaigian (phut)

Hinh 2. A'nh,hwo’ng clia thoi gian dén dung lrong
hap phu Fe(Ill) cua than sen
Bang 2. Sy phu thudc dung luong va hi¢u suadt hcfp phu Fe(lll) cia than sen vao nhiét do

T(K) Co (Mg/L) Cep (Mg/L) q (mg/g) H (%)
303 23,48 27,84 54,26
313 51,32 24,27 27,05 52,71
323 25,48 25,84 50,35

Két qua bang 2 cho thdy trong khoang nhiét do khao sat tir 303 + 323K khi nhiét d6 tang thi dung
lwong va hiéu suit hap phu Fe(III) cua than sen déu giam. Tir cac két qua thu dugc dua vao cac
phuong trinh cia nhiét dong luc hoc (4), (5), (6) tinh dugc cac thong s6 nhiét dong. Két qua dugc
chi ra trong bang 3.

Bang 3. Cdc thong s6 nhiét déng doi véi qud trinh hap phu Fe(IIl) ciia than sen

C, (mg/L) UT(KY InKc AG° (kJ/mol) AH® (kJ/mol) AS°® (kd/mol.K)
0,0033 0,17 -0,43
51,32 0,0032 0,10 -0,29 - 6,65 -0,02
0,0031 0,01 - 0,03

Két qua bang 3 cho thy: Gia tri ning lugng tu do (AG®) thu dugc c6 gia tri 4m chimg t6 qué
trinh hip phu Fe(III) ctia than sen la qua trinh ty xay ra; gia tri bién thién ning luong entanpi
(AHP) ¢6 gia tri am cho thay qua trinh hip phu la qua trinh téa nhiét.
3.2.4 Anh huong ciia nong dg Fe(IIl) ban dau va xdc dinh dung hrong hdp phu cuee dai
Két qua duoc trinh bay ¢ bang 4.

Bang 4. Anh hwéng ciia nong dé Fe(IIl) ban dau dén kha nang hdp phu ciia than sen

Co (mg/L) Ce (mg/L) g (mg/g) H (%) Cu/q (9/L) IgC lgq
22,68 6,92 15,76 69,49 0,44 0,84 1,20
48,53 19,43 29,10 59,97 0,67 1,29 1,46
73,30 42 .84 30,46 41,55 1,41 1,63 1,48
100,37 68,45 31,42 31,30 2,19 1,84 1,50
128,71 96,40 32,31 25,10 2,98 1,98 1,51
156,95 122,77 34,18 21,78 3,59 2,09 1,53

Céc két qua thuc nghiém & bang 4 da chimg t6 hiéu suit hip phu giam, dung luong hip phu cua
than sen tang khi nong d6 dau ctia Fe(III) ting. Ciing tir két qua thuc nghiém nay, mé ta qué trinh
hap phu Fe(IIT) trén than sen theo hai mé hinh déng nhiét Langmuir va Freundlich (hinh 3a va
3b). Tur hinh 3a va 3b cho thiy sy hip phu Fe(III) trén than sen theo md hinh Langmuir pht hop
hon so v&i mé hinh Freundlich. Diéu nay dugc thé hién théng qua hé s6 twong quan theo phuong
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trinh Langmuir (R°= 0,997) cao hon nhiéu so v&i hé sb twong quan theo phuong trinh Freundlich
(R2 = 0,799). Mat khac, gia tri cao cua hé sb twong quan theo mé hinh déng nhiét hép phu
Langmuir cho thdy sy thong nhat cao giita cac thong sd v6i su hap phu don 16p cta Fe(III) 1én bé
mit than sen. Dya vao phuong trinh déng nhiét hdp phu Langmuir dang tuyén tinh (hinh 3b) ta
tinh duoc dung lwong hap phu cuc dai — kha ning hap phu tdi da dé phu hoan toan don 16p trén
bé mit than sen ddi véi Fe(III) 1a 35,71 mg/g - cao hon so v&i than hoat tinh ché tao dugc tir than
ciy virng Tho Nhi Ky hoat hoa bang kém clorua (qma=19,16 mg/g)[6] va than ché tao tir be
chudi hoat héa bang axit H,SO, dic (qmax=26,32 mg/g)[8].

40 - 16 -
35 - y=0.0281x+0.2049 g 15 |
R2=0.9975 > '
3.0 -
:2 5 | /// 1.4
= > o y =0.2358x+ 1.0675
F20 - o 13- R? = 0.7997
K-} -
S15 - P4 124 &
1.0 - * 4
- < 1 1 -
0.5 - ./’
0.0 - ; ~ : - ; 1.0 : :
0 20 40 60 80 100 120 140 0.5 15 2.5
Ceb (mg/L) lgC
Hinh 3a. Puong dang nhiét hap phu Langmuir Hinh 3b. Puong ding nhiét hap phu Freundlich

3.3 Két qud xie Iy méu nudc théi thuc cé chira Fe(IIl) ciia than sen theo phwong phdp héip phu tinh
M3u nudéce thai chira ion st 4y tai mot xa trén dia ban thanh phd Thai Nguyén, thoi gian Iy mau
la 10h30 ngay 12 thang 8 nam 2018.

Nudéc thai duoc 1y va bao quan theo diing TCVN 6663-1:2011

Mau ldy xong duoc cb dinh bing 5mL HNO; dic va day kin.

Thyc hién sy hép phu ¢ nhiét do phong (25 & 1° C), thé tich mAau nudce thai: 25 mL; diéu chinh
dft:n pH té‘i uu (2,5)’; khoi luong than sen: 0,05g; :ch(‘)ri gian hap phu: 120 phl’l‘f. Lay dung di(ih sau
hap phu lan mdt tién hanh thi nghiém hap phu lan hai véi than sen moi. Két qua dugc theé hién
trong bang 5.

Bang 5. Két qua xit Iy mede thai chira ion sat theo phwong phdp hdp phu tinh

Co (mg/L) Cep1 (Mmg/L) H; (%) Cepz (Mmg/L) H, (%)

12,791 6,047 52,72 0,002 99,98

Cep1 — N{Sng do can ba:?mg cuaion saflt sau khi hf:lp phu la:?m 1.

Cep2 — Nong (:I(f) c’én bang cua ion sat sau khi hép phu lan 2.

H1— Hiéu suat hap phu cua qua trinh hap phu lan 1.

H,— Hiéu suat hap phu cua qua trinh hap phuy lan 2.
Nhén xét
Tir cac két qua thuc nghiém thu dugc ta thay, sau khi hap phu 1an 1, lan 2 bang than sen méi thi
ndng do con lai cia ion sit trong dung dich di giam xudng dén gia tri cho phép ddi v6i nudc thai
theo QCVN 40:2011/BTNMT.
3.4 Két qud khdo sdt khd nang tach loai va thu héi Fe(IIl) bang phwong phdp hip phu djng
trén cot
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3.4.1 Két qua khao sat anh hwéng ciia toc dé dong chdy
Két qua dugc trinh bay ¢ hinh 4.

250
= _200
s 2
el —+—1,5 ml/phiit
E -
S3100 —=—2.0 ml/phiit
% =050 2.5 mi/phiit

0.00

0 200 400 600

V (ml)
Hinh 4. Anh hieong ciia toc dp dong chay dén kha ning hap phu Fe(Ill) cia than sen
Trong khoang toc do dong chay khao sat 1,5; 2,0 va 2,5 (mL/phut) khi téc d6 dong chay cang
cham thi ndng d6 Fe(IIT) xuét hién & 16i ra cot hdp phu cang thap. Piéu nay c6 thé duogc giai thich
nhu sau: khi tbc do dong chay cham thoi gian tiép xuc ciia Fe(III) va than sen 16n hon so véi toc
d6 dong chay nhanh, do dé lwong Fe(III) b giir lai trén bé mit than sen nhiéu hon. Dung lugng
hap phu dong ciia than sen ddi v&i Fe(IT) duoc chi ra ¢ bang 6.

Bang 6. Su phu thudc dung lwong hap phu dong cia than sen doi véi Fe(Ill) vao toc do dong chay

Téc dd dong (mL/phut) 1,50 2,00 2,50

Dung lwong q (mg/g) 20,61 18,91 15,94

So sanh dung luong hap phu dcf)ng’ v6i dung luong hap phu tinh ta thdy dung lwong hip phu dong
luén nho hon so vai dung lugng hap phu (cuc dai) tinh.
3.4.2 Két qua gidi hap thu hoi Fe(IIl)
Két qua giai hap Fe(III) bang dung dich HNO; c6 ndng d6 khac nhau dugc trinh bay & bang 7,
hinh 5.

Bang 7. Két qua giai hap Fe(Ill) bang HNO; c6 nong d¢ khéac nhau

Fe(lll) C,=49,50 (mg/L)

Thir tw cho dung dich ~ V(mL) dung dich qua 05 CHNf 3()(M) 15
qua cot cot Ham lugng thoat ra sau mdi phan doan thé
tich (mg)
1 10 125 162 194
" 20 0,78 0,97 1,08
3 30 0,40 0,58 0,70
1 40 0,18 0,40 0,45
. 50 0,12 0,32 0,38
. 60 0,09 0,18 0,24
] 70 0,08 0,16 0,22
8 80 0,08 0.13 0.14
o 90 0,06 0.12 0.13
10 100 0,05 0.11 0,12
1 110 0,03 0,09 0,12
12 120 0,04 0,08 0,10
13 130 0,04 0,09 0,10
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Hinh 5. Anh hiong ciia nong dé dung dich HNOs dén su gidi hap Fe(IIl) trén than sen

Céc két qua thyc nghiém cho thdy ding dung
dich HNO; dé giai hap thu hoi Fe(Ill) cho
hiéu qua tuong dbi cao. Hiéu suit giai hap
Fe(l11) twong tng voi cac ndng dd HNO; 0,5;
1,0 va 1,5M lan luot 1a 40,15; 51,32 va
55,48%. Phan 16n luong Fe(IIl) bi hap phu
dugc giai hip ¢ 2, 3 thé tich dau tién. Trong
khoang nong do HNO; khao sat: 0,5M; 1,0M
va 1,5M khi néng dd HNO; cang 16n thi
lwong Fe(III) giai hap duoc cang nhiéu do kha
nang giai hdp ion kim loai trén bé mit than
sen ti 1€ thuin voi néng do chit rua giai
(trong khoang ndng d6 HNO; da khao sat).

4. Két luan

Su hép phu Fe(Ill) cua than sen da dugc
nghién ctru dudi cac diéu kién thi nghiém
khac nhau.

Két qua thu duoc theo phuong phap hap phu tinh:
- pH t6t nhit cho su hip phu cua than sen ddi
voi Fe(Il) 1a pH =2,5.

- Thoi gian dat cAn bang hap phu cua than sen
dbi véi Fe(T1D) 1a 120 phut.

- Khi tang nhiét ¢ tor 303+323K thi hi¢u suét
va dung luong hap phu giam; cac két qua tinh
toan nhiét déng cho thiy qua trinh hép phu
Fe(IIl) trén than sen 1a qua trinh tu xay ra va
tda nhiét.

- Qua trinh hép phu Fe(Ill) trén than sen phu
hop v6i md hinh hip phu Langmuir hon so
v6i md hinh hap phu Freundlich. Dung lugng

hép phu cuc dai cta than sen ddi véi Fe(I1I)
theo md hinh hap phu dang nhiét Langmuir 13
35,71 mg/g.

Pa xu 1y miu nudc thai chia Fe(Ill) theo
phuong phap hp phu tinh. Sau khi tién hanh
hap phu hai 1an bang than sen méi nong do
sat da dat tiéu chuan cho phép theo QCVN
40: 2011/BTNMT.

Két qua thu dugc theo phuong phap hip phu dong:
- Khi téc do dong chay cham, kha ning tich
loai Fe(III) ctia than sen tt hon so véi khi toc
d6 dong nhanh; xac dinh duoc dung lwong hip
phu dong tmg vai 03 tdc d6 dong khac nhau.

- Khi ting nong d6 HNOj; thi lugng ion
Fe(III) duoc giai hap ting. Hau hét lugng ion
bi hip phu dugc giai hip & 2,3 thé tich dau.
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