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SUMMARY

ADSORPTION OF POLLUTANTS FROM AQUEOUS ENVIRONMENT
BY ACID CITRIC MODIFIED RICE HUSK ASH

Rice husk ash residue with high surface area has been modified by citric acid with an
appropriate concentration. The resulted materials have large absorption capacity of
Cu(ll) ion and other pollutants in aqueous environment. Investigation on the
adsorption of Cu (I1) ion with concentration from 30 ppm to 100 ppm showed that the
adsorption followed the second-order kinetics with an average rate constant of
2,36.10" (g.mg’.min”) and the isotherm fitted the Freundlich equation. The
adsorption capacity at equilibrium q. was found to be 72.74 mg/g at the concentration
of 100 ppm. The efficiency of the absorption Cu (Il) ion at concentrations of 30, 50, 70
and 100 ppm was 83.20%, 78.66%, 74.37% and 72.74%, respectively. In addition, the
material could be used for surface water treatment with DO, COD, BOD:s, total
nitrogen, and total phosphorus standards. The average efficiency of water treatment
was over 70%. The water after treatment met the standard to use for domestic water
supply and for conservation of aquatic flora and fauna.
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1. MO PAU nhirng han ché cua tro trau la dién tich
Héap phu 1a mot trong nhiing phuong bé mit riéng thuong thdp, kha ning
phap hiéu qua dé xir ly cac chat o hap phu va tinh chon loc khong cao
nhiém trong moi trudng nudc, nhét 1a [4]. Viéc ché tao ra vt lidu hfip phu co
1on kim loai nang Trong nhirng nam dién tich, hoat tinh bé mit cao tur tro
gan day, tro triu duoc sit dung kha trdu, Gmg dung trong hip phu, xur 1y ion
nhiéu dé xu ly cac chit doc hai trong kim loai ndng sé dem lai nhiéu loi ich
modi truong nudc nhu ion kim loai trong thuc tién va y nghia khoa hoc.

ning, chit hitu co boi chi phi thap, Trong nghién clru nay, chung t6i tan
than thién v6i moi truong, ngudn dung ba tro trdu (1a san pham du coa
nguyén liéu doi dao [1,2,3]. Mot trong qua trinh chiét tach SiO, lam ngudn
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silica trong tong hop vat liéu mao quan,
vat li¢u nano) dé chirc nang hoa bé mat.
Uu diém cua ba tro trau nay 1a van gt
duoc bd khung carbon, mot s6 chat hiru
co chua chay hét, co do Xép va dién tich
bé mit kha cao [5]. Van dé quan trong
la xac dinh duoc néng do acid citric
thich hop dé bién tinh ba tro triu nham
thu dugc vat liéu c6 kha nang h?ip phu
t6t cac chat doc hai trong méi truong
nudoc nhu kim loai nang, chit hitu co,
cht dinh dudng. Tim ra quy luat dong
hoc hép phu, dang nhiét hip phu va tinh
toan cac dai luong cua qua trinh hap
phu ion Cu(II) trong nudc. Ap dung vat
lidu bién tinh nay dé xur Iy cac chat co
kha ning gdy 6 nhiém trong ngudn
nudc mat.

2. THUC NGHIEM

- Hoa chit thi nghiém, phan tich: acid
citric (C¢HgO7), HCI, H,SO4, AgSOy4,
K,Cr,07, kali hydrophtalat (CgHsKOy).
- Bién tinh ba tro trdu va dic trung vat
lidu: 20 g ba tro trau va 150 ml dung
dich acid citric & ba néng do1a 0,2 M,
0,5 M va 0,7 M duoc cho vao binh
teflon, gia nhiét & 80 °C trong thoi gian
6 gio. Rua sach va siy khé ¢ 105 °C
qua dém, thu duoc ba mau vat liéu hap
phu mg véi ba ndng d6 cua acid bién
tinh, ky hiéu TH-ES1, TH-ES2 va TH-
ES3. Thyc hién su hap phu 100 ml dung
dich Cu(Il) nong d6 50 ppm trong thoi
gian 60 phut, sau do tinh hiéu sut de
xac dinh mau c6 kha nang hap phu t6t
nhat. Pic trung mAu c6 hiéu sut hap
phu 16n nhat bang hap phu - khir hip
phu nitrogen dé tinh dién tich bé ma t
riéng theo phuong trinh BET, sy phan
b kich thudc mao quan.

- Hap phu ion Cu(II) trong nudc va tim
quy luat h?ip phu: Chon vat litu TH-
ES2 ¢6 dung lwong hip phu 16n nhét
trong sb cac mau bién tinh & 3 ndng do
acid dé nghién ctru qua trinh hip phu
ion Cu(Il) trong nuéc. Thé tich dung
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dich Cu(Il) st dung trong nghién ctru
nay la 100 ml, bao gém cac nong do 30,
50, 70 va 100 ppm. Luong chat hip phu
TH-ES2 sir dung trong mdi thi nghiém
12 0,1 gam. Nong d6 Cu(Il) tai cac thoi
diém dugc xac dinh b?mg cach lap
duong chuin va do trén may quang phd
hap thu nguyén tir AAS 240FS (Agilent,
MJ). Quy luat dong hoc hap phu, dang
nhiét hap phu, dung luong hap phu can
bang (ge), dung luong hap phu béo hoa
(gm), hang s6 can bang hip phu (K),
hiéu suat hap phu (H) duoc tinh theo
cong thirc da cong bd trong [6,7].

- Xt Iy cac chit trong ngudn nude mit:
Vé6i kha nang hap phu tot ion Cu(Il)
trong nudc, chung toi tiép tuc sir dung
vat liéu TH-ES2 dé xtu 1y cac chit co
kha ning gy 6 nhiém cao trong ngudn
nude mit. Cac chi tiéu chit luong nudce
duoc danh gia bao gém DO, COD,
BODs, ham luwong nitrogen tong,
phosphor tong. Trong nghién ctru nay,
gia tri DO duoc xac dinh theo phuong
phap Winkler, COD dugc xac dinh
bang phuong phap bicromat két hop
UV-Vis dua trén diy dung dich chuin
kali hydrophtalat. Ham lugng nitrogen
duoc xac dinh b?mg module TNb cua
thiét bi TOC-OI Analytical (M¥) trén
co s chuyén hét vé dang NO,, thé tich
mAau tiém 0,1 ml, 4p suat khi oxygen la
20 psi. Luong phosphor dugc chuyén
hét v& dang PO4”, 1ap duong chuin va
do trén may UV-Vis Labomed (MY) &
budc song 880 nm.

3. KET QUA VA THAO LUAN

3.1. Xac dinh nong d¢ acid bién tinh
bé tro triu thich hop

Diéu kién dé xac dinh ndng do acid
citric bién tinh thich hop trong nghién
ctru nay dwa trén kha ning hip phu ion
Cu(Il) cua vat licu. Voi nf)ng do ban
dau 50 ppm, sau 60 phut hap phu, dung
luong hip phu cua cac mau TH-ESI,
TH-ES2 va TH-ES3 lan luot 1a 32,46



mg/g, 37,78 mg/g va 37,96 mg/g. Dung
luong hap phu cua mau TH-ES2 16n
hon so v&i mau TH-ESI kha nhiéu va
nho hon miu TH-ES3 khong dang ké.
Trong nghién ctru ndy, ba tro trau bién
tinh trong acid citric 0,5 M 1a thich hop,
tng v6i mau TH-ES2.

Hinh la trinh bay duong dang nhiét hap
phu-khtr hap phu nitrogen cua mau TH-
ES2. Puodng tré cua vat liéu co bude
ngung tu rd rang, dang nay thuong bao
gdm ca mao quan trung binh, dai mao
quan va khe rong giita cac hat tron
[6,8]. Hinh 1b trinh bay duong phan bd
kich thuéc mao quan cua vat li¢u. Két
qua cho thiy, thé tich rdng cua vat liéu
tap trung cha yéu & ba kich thuée 1a 5
nm, 20 nm va 70 nm, phu hop voi dang
duong tré d thao ludn & trén. Thé tich
rong c6 kich thudc trén 100 nm duge
cho 14 khoang trdng gitra cic cum hat
két dinh véi nhau [6]. Dién tich bé mat
cua vat liéu TH-ES2 bang 72,7 m’/g,
kha cao so v&i tro trau d6t chay tw nhién
va khong ngam chiét trong méi truong
kiém [3,4].
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Hinh 1. a). Puong dang nhiét hap
phu - khir hdp phu nitrogen va b).
Puong phin bé kich thuéc mao
qudn ciia vdt liéu hdp phu TH-ES2

bién tinh bc‘ing acid citric 005 M

3.2. Khao sat dung lwong, hiéu suit
va thoi gian hip phu cin bang
Pé nghién cru kha ning hip phu cia
vat li¢u, chung to61 nghién ctu su hép
phu ion Cu(II) néng do 30, 50, 70 va
100 ppm trong moi truong nude. Bang
1 trinh bay dung luong hép phu can
bang (g.) va hiéu suat (H) hap phu theo
thoi gian dbi v6i ion Cu(Il), ndng do C,
= 50 ppm, thé tich ¥ = 0,1 lit, khdi
luong m = 0,1 gam. Qua trinh hip phu
xay ra kha nhanh & giai doan dau, sau
60 phuat, dung luong hip phu ting chim
va dat can bang & 120 phut. Cac nghién
ctru vé hip phu ion kim loai ning trong
modi truong nudc, thong thuong thoi
gian dat can bang khoang tir 90 dén 200
phut [2,7].

Bdang 1. Dung leong va hiéu sudt hap phu ion Cu(Il) theo thoi gian t

¢ (phut) 0 5 10 15 30 60 90 120

C: (ppm) 50 37,23 32,15 28,58 21,54 12,21 10,68 10,67
q. (mg/g) 0 12,77 17,85 21,42 28,46 37,79 39,32 39,33
H (%) 0 25,54 35,70 42,84 56,92 75,58 78,64 78,66

Su phu thudc cua dung lwong hap phu
ion Cu(Il) ndng do 30, 50, 70 va 100
ppm vao thoi gian dugc trinh bay trong
hinh 2a. Nhan thy rang, khi ting nong
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d6 ion Cu(Il), dung lwong hip phu ting
1€n, v6i C, = 30 ppm, g. = 24,96 mg/g,
nhung khi tang C, = 100 ppm thi g, =
72,74 mg/g. Hinh 2b trinh bay mdi quan




hé gitra hiéu suat hip phu H cua vat lidu
v6i nong do cua ion Cu(Il). Hiéu sut
giam tir 83,20% xudng 74,37% khi tang
ndng d6 tir 30 ppm 1én 70 ppm. O ndng
d6 100 ppm, hiéu suat hap phu giam, H
= 72,74%, thap hon khong nhiéu so véi
ndéng d6 70 ppm. Bi tro trau bién tinh
bang acid citric ¢ dung lwong hap phu
cao (g, = 72,74 mg/g), hiéu suit xur Iy
ion Cu(II) déu dat trén 70%. Cac nghién
clru trong va ngoai nude vé sir dung tro
triu 1am chat hap phu ion kim loai ning
thi dung lwgng hdp phu trung binh vao
khoang 50 mg/g [2,4,6].
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Hinh 2. a). Su phu thudc cua dung
lirong hdp phu vao thoi gian va
b). Su phu thuoc cua hiéu sudt hd'p
phu vdo nong dg ion Cu(Il)

3.3. Pong hoc hap phu ion Cu(Il)

Trong nghién ctru nay, dong hoc hip
phu ion Cu(II) dua theo cac mé hinh, do
la phuong trinh biéu kién bac 1, bac 2

loai 1, bac 2 loai 2, Elovich va khuéch
tan gitta cac hat [6,7]. Phuong trinh
tuyén tinh theo cac mé hinh dong hoc
va gia tri hé sb twong quan R’ twong
ung duoc trinh bay trong bang 2.

Bdng 2. Dang tuyén tinh va gza tri R
cia cdc mé hinh biéu kién

cia qud trinh hdp phu ion Cu(ll), nong

do C, = 50 ppm, q.(TN) = 39,33 mg/g

Phuong Dang tuyén | Giatri | ¢.(LT)
trinh  biéu tinh R’ mg/g
kién
Bic 1 y=- 09178 | 61,25
0,0842.x +
4,1149
Bac2loail | y=0,9047.x | 0,6369 | -0,079
— 12,725
Bic2loai2 | y=0,0223.x | 0,997 44,84
+0,3252
Elovich y=-1,227x | 0,8735
+ 57,934
Khuéch tan | y=0,0321.x | 0,8689
+3,9376

Trong do: q.(LT) dwoc tinh tw cac mo
hinh déng hoc biéu kién, q.(TN) tinh
theo cong thic q. = [(Co-Ce).V]/m
trong qua trinh thyc nghiém [6,7].

Két qua ¢ bang 2 cho thidy, phuong
trinh biéu kién bac 1 va bac 2 loai 2 md

ta kha t6t qua trinh hip phu ion Cu(Il)
khi hé s6 twong quan R’ déu 16n hon
0,91. Tuy nhién, mé hinh biéu kién bac
1 c6 gia tri g. = 61,25 mg/g, khac xa voi
q.(TN) = 39,33 mg/g, trong khi do,
¢.(LT) tinh theo phuong trinh biéu kién
bac 2 loai 2 bﬁng 44,84 mg/g, 1on hon
gia tri g«(TN) khong nhiéu. Vi vy,
trong nghién ctru ndy, dong hoc hip phu
ion Cu(II) trong nudc tuan theo phuong
trinh biéu kién bac 2 loai 2 1a phu hop
nhat. O ndng d6 50 ppm, hing s6 tdc do
hip phu & = 1,53.10° (g.mg”.phut™).
Biéu dién su phu thudc cua #/g, vao ¢
theo thoi gian tir 5 dén 120 phat dbi véi
qua trinh hip phu ion Cu(Il) néng do 50




ppm dua trén md hinh biéu kién bac 2
loai 2 thu duoc két qua & hinh 3a. Két
qua cho thay day la mot duong tuyén
tinh gan thang, c6 hé sb tuong quan R’
= 0,997. Tlep tuc biéu dién su phu
thudc cua #/q, vao t theo phuong trinh
dong hoc biéu kién bac 2 loai 2 dbi voi
ion Cu(II) ndng d6 30, 70, 100 ppm, thu
dugc két qua nhu trinh bay trong hinh
3b. Hé sb tuong quan R’ cua ca ba ndng
d6 theo moé hinh nay déu xap xi 1, hon
nira, gia tri go(LT) tinh tir cac phuong
trinh khac voi ¢.(TN) khong dang ké.
Tir day co thé két luan rang quy luét
dong hoc hap phu ion Cu(II) ndng do tir
30 dén 100 ppm déu tuan theo md hinh
dong hoc biéu kién bac 2 loai 2. Hﬁng
s6 tbc do phan tng trung binh trong
khoang ndéng do tir 30 ppm dén 100
ppm 1a k= 2,36.10" (g.mg™' .phut™).
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Hinh 3. a). M6 hinh dong hoc bdc 2
loai 2 doi voi ion Cu(ll) nong do 50
ppm va b). Mo hinh dong hoc bdc 2
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logi 2 déi véi ion Cu(Il) nong do 30,
70 va 100 ppm

3.4. Ping nhiét hap phu ion Cu(Il)
Biéu dién sy phu thudc cta C./g. vao C,
theo phuong trinh déng nhiét hip phu
Langmuir va In(g.) vao In(C,) theo
phuong trinh dang nhiét hip phu
Freundlich thu duoc két qua nhu trinh
bay trong hinh 4.
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Hinh 4. a). Biéu dién sé lidu thuc
nghiém theo moé hinh
ddng nhiét hdp phu Langmuir
va b). Theo mé hinh dang nhiét hap
phu Freundlich

Ca mdé hinh ding nhiét hip phu
Langmuir (hinh 4a, R* = 0,9282) va
Freundlich (hinh 4b, R* = 0,9952) mé ta
kha t6t cac sb lidu thue nghiém khi hé sd
twong quan déu 1on. Cac sb lidu thuc
nghiém tudn theo ca hai mo hinh 1a két
qua co thé chép nhan duoc [6,7]. Néu
tuan theo phwong trinh dang nhiét



Langmuir thi dung luong hap phu cuc
dai g,, = 128,21 mg/g, hang s6 can bing
h?ip phu K; = 0,043 (I/mg). Tuy nhién,
trong nghién ctiru nay, cac sd liéu thuc
nghiém theo mé hinh kinh nghiém
Freundlich c¢6 gia tri R’ 16n hon kha
nhiéu. Hon nita, bé mat cta vat liéu co
nhiéu dang mao quan khac nhau, cac tim
hap phu c6 thé khong dong nhat nén sy
hdp phu tudn theo phuong trinh
Freundlich la phu hop. Ttir phuong trinh
nay tinh duoc cac hfmg s6 kinh nghiém n
= 1,61, Kr=9,04. Két qua nay phu hop
voi nhleu nghién ctru vé hip phu ion
Pb(I), Cu(ll), Cd(II) trong moi truong
nude bang cac vat liéu hip phu [6,7].

3.5. Panh gia kha nang xir ly nwéc
song cua vat liéu

Vé6i dung lwong va hiéu suat hip phu
cao, ching toi tiép tuc danh gia kha
nang xu ly nudc mat cua vat liu TH-
ES2, ché tao tir bd tro triu bién tinh
bang acid citric 0,5 M. Thé tich nuéc
song 1a 1 lit, chat hap phu 0,5 gam. Chi
tiéu chat lugng nudc mat trudc va sau
khi xtr Iy dugc trinh bay trong bang 3.

Bang 3. Chi tiéu chat lwong mede mdt
truoc va sau khi xu Iy bang vdt lieu TH-

ES2
Cac chi 2 2
tidu chdt| DO | COD | BOD; T;’\‘;g T‘;)“g
long (mg/l) | (mg/l) | (mg/1)
N (mg/l) | (mg/1)
Truge 1 o5 | 1251 | 6,08 | 2,18 | 147
hap phy
Sau khil o 01 390 | 213 | 0.65 | 0.28
hap phy
Hiéu
skt (%) 70,26 | 69.48 | 70,18 | 80,95

Hiéu sudt xir Iy nuéc midt cua séng
trung binh trén 70% vdi cic thong sb
chét lugng nhu DO, COD, BODs, téng
nitrogen, tong phosphor. Chéat lrong
nudc miat chua xur Iy chi yéu dat & muc
do B; hoac B, theo QCVN 08-
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MT:2015/BTNMT. Sau khi xtr 1y bing
vat liéu hip phu TH-ES2, mot sb chi
tieu da dat trén mic A;, st dung cho
cap nude sinh hoat (sau khi ap dung xur
1y thong thuong), bao tdn dong thuc vat
thity sinh nhu DO, COD, BODs. Mot s
chi tiéu dat mic A, hodc B; ¢cb thé do
trong nudc mat con nhiéu chat khac.
Hon nita, nuéc mat song vao mua mua
thuong rat duc, chat rin lo limg nhiéu
da 4n ngir bé mit va dau mao quan cia
vat litu lam cho hiéu sudt hip phu
giam.
4. KET LUAN
ba tim duoc néng dd acid citric bién
tinh thich hop, d6 1a 0,5M, ki hiéu mau
TH-ES2. Vit li¢u thu duogc c6 dién tich
bé mat riéng 72,7 m ’/g, kha nang hap
phu ion kim loai tét. V&i nong do ion
Cu(I) bang 100 ppm, dung lwong hap
phu g. = 72,74 mg/g, hiéu suit hap phu
H = 72,74%. Quy luat dong hoc hép
phu tudn theo phuong trinh biéu kién
bac 2 loai 2 voi h?mg s6 toc do h?ip phu
trung binh & = 2,36.107 (g.mg™.phut™).
Pang nhiét hip phu duoc nghién ctu
dua trén 4 néng do 1a 30, 50, 70 va 100
ppm, két qua thuc nghiém tuan theo mo
hinh dang nhiét Freundlich, véi hiang sd
kinh nghiém Kr = 9,04. Ngoai ra, vat
liéu TH-ES2 con duoc sir dung. dé xur ly
nudc mdt cua song, hiéu suat xir ly
COD, BODs, tong nitrogen, tong
phosphor ctia mau nudc trung binh trén
70%. Cac thong sd chat lugng nudc co
ban déu dat tiéu chuin A, theo QCVN
08-MT:2015/BTNMT, nghia 1a nudc
mit sau khi xir Iy dam bao tiéu chuin
thai ra moi trudng dé cung cip nude
cho sinh hoat hodc bao tdn céc dong
thuc vat thuy sinh.
Loi cam on: Cong trinh dugc hoan
thanh nho sy hd trg cua Trung tdm phan
tich Hoa hoc, Truong Pai hoc Déng
Théap.

(xem tiép tr. 69)





