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Tém tit:

Canxi alginate bead (CAB) 1a mot chét h:ip phu tot cac ion kim loai ning, tuy nhién CAB c6 han ché1a dién tich bé
mit riéng nhé nén kho wng dung trong thuc té. Trong nghién ctru nay, alginate dwgc bién tinh véi carbon hoat tinh
va chat hoat djong bé mat nham tang do xop cua vt li¢u, cai thi¢n dung lugng hap phu ion Ni(II). CAB chwa bién
tinh gan nhu khong c6 16 xop, dién tich bé mat riéng rit nhé (~0,04 mz/g) Sau khi bién tinh, composit xop (P-CAB)
ché tao tir alginate két hop véi carbon hoat hinh va chit hoat dong bé mit c6 dién tich bé mit riéng ~160 m%/g, ting
4.000 14n so v6i CAB. Két qua nghién ctru hip phu ion Ni(II) ciing cho thay, dung lrgng hip phu cuc dai ciia P-CAB

dwge cdi thién dang ké, q,,

=53,76 mg/g, tang 8,3 14n so v6i dung lwgng hap phu ciia CAB (6,48 mg/g).

Tir khoa: alginate, alglnate x0p, chat hip phu tw nhién, hap phu Ni(II).

Chi sé phén loai: 2.7

Pat van de

Alginate 1a mot polysacarit ty nhién, da dugc img dung nhiéu
trong cac linh vuc thye phim, y sinh, dugc pham.. - Alginate dugc
chiét xudt chi yéu tir rong nu - loai rong dugc phan bo doc bo
bién Viét Nam tur bac vao nam, tap trung nhiéu & bién mién Trung,
v6i hon 120 loai c6 gié tri kinh té cao va trit lwong 16n [1].

Gan day, hudng nghién ctru tmg dung alginate lam vat liu xir
1y méi truong da dugc cac nha khoa hoc quan tim nhd wu diém
khong doc hai, c6 kha nang twong tac va phan hiy sinh hoc, ¢o
chira cac nhom chirc carboxyl va hydroxyl trong cdu triic va co
ngudn nguyén liéu doi dao. Kha nang tach loai céc chit 6 nhiém
ciia alginate da dugc cong bd, dic biét 1a kha ning xur Iy céc cation
[2-6]. Tuy nhién, hiéu qua xi Iy chua thyc su cao, dung luong hip
phu cua alginate ddi v6i cac cation kim loai ning & khoang 10-40
mg/g. Day 1a dung luong dbi voi hat CAB uot, tuy nhién, hat CAB
nay khé bao quan, d& mét nudc. Dbi voi hat di siy kho, co do bén
v cimg cao, nhung hiéu qua hip phu con kém, nguyén nhan c6 thé
1a do tinh chat ciia CAB khi kho 1a vat liéu khong huat nudce, dién
tich bé mit riéng cua n6 chi khoang 0,6+32 m¥/g [3, 7-13].

Pé tang kha ning xur Iy nude va ¢6 thé ap dung vao thuc té,
can phai bién tinh va tao do x6p cho vat liéu nay. Cac phuong
phép cai tién thuong dugc 4p dung 1a ché tao composit két hop
v6i cac chat ¢ kha ning hap phu khéc hodc ting do xbp cua vat
ligu. Céc cht thuong dugce nghién ciru ché tao composit cung voi
alginate nhu carbon hoat tinh [14], than sinh hoc [9], 6ng nano
carbon [15], graphen oxit [16]... Nhimng chat ndy vira tang do x0p
cia composit, vira bd sung thém tac nhan hap phu vao vat ligu.
Bén canh d6, mot huéng nghién ciru khac 1a lam ting dién tich bé
mit riéng cta ban than alginate qua cac phuong phap ché tao khac
nhau. C6 thé két hop véi cac hoa chat tao bot khi trong qué trinh
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ché tao nhur NaHCO, [17] Natri Lauryl Sulfat (SLS) [18], hoac st
dung phuong phap say thang hoa [19].

Niken 1a m¢t trong nhitng kim loai nang doc hai, c6 nguy co de
doa l6n déi v6i stre khoe con ngudi. O nong do nho, niken 1a mot
nguyén t6 vi luong ¢6 loi trong qué trinh trao ddi chit. Tuy nhién,
0 nong do vuot qua ngudng cho phép, n6 ¢6 thé 13 tic nhan gy
tic ché hoat dong cua enzyme, gay ton thuong phoi, 1am dau ngue,
kho thé, phu than, rdi loan tiéu hoa, viem da dj ung... [20]. Niken
¢6 nhiéu tinh ning dic biét nén dugc st dung rong réi trong cc
nganh cong nghiép khac nhau nhu: luyén kim, hoa chat, ma dién,
san xudt pin, gdm st ché bién khoang san... Viéc str dung rong réi
niken trong cong nghiép ciing nhu cuge song héng ngay la nguy co
gay phat thai niken vao moi truong, nhét 1a nguon nudc. Trong quy
chuén ky thut qudc gia vé nude thai cong nghiép QCVN 40:2011/
BTNMT da gidi han ham lugng niken thai ra ¢ nong do nho hon
0,2 mg/l dbi v6i nude thai cong nghiép loai A va 0,5 mg/l dbi véi
nudc thai cong nghiép loai B.

Trong nghién ciru trude [21] cua chung t6i da st dung hat CAB
dé hap phu Ni(II), dung lwong hap phu cyc dai dat 6,8 mg/g. Trong
nghién ciru nay, chiing toi ché tao composit trén co so alginate bién
tinh két hop gilta carbon hoat tinh va chét hoat dong bé mit SLS
nhim tang dién tich bé mit riéng cua vat ligu, cai thién kha nang
hép phu Ni(II).

Thuc nghiém
Héa chit

Céc hoa chit sir dung trong nghién ctru nay gom: natri alginate
(Alg) duogc chiét tach tir rong ndu & ving bién Nha Trang dugc
cung cép boi Vién Nghién ctru Ung dung va Cong ngh¢ Nha
Trang; Ca(NO,),.4H,0 loai tinh khiét (>99%), SLS, HCI 36%
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Abstract:

Calcium alginate bead (CAB) is a good adsorbent of
heavy metal ions; however, CAB has a small specific
surface area, limiting its applications in the removal of
heavy metals in water treatment. In this study, alginate
is denatured with activated carbon and surfactants to
increase the porosity of the material and improve the
adsorption capacity of the Ni(Il) ion. Initial undenatured
calcium alginate bead is almost no pores and a very small
specific surface area (~0.04 m?%g). After modification,
the porous composite made from alginate combined
with active carbon and surfactant (P-CAB) has a large
specific surface area ~160 m*/'g, 4,000 times higher than
CAB. The results of the Ni(Il) ion adsorption study also
showed that the maximum adsorption capacity of porous
composite (q_ . of 53.76 mg/g) significantly improved
by 8.3 times than the adsorption capacity of CAB (6.48
mg/g).

Keywords: alginate, natural adsorbent, Ni(Il) adsorption,
porous alginate bead.

Classification number: 2.7

va NaOH tinh khiét dugc cung cép boi Xilong Scientiﬁc (Trung
Quoc) than hoat tinh (AC) dang bot dugc cung cdp boi Cong ty
C6 phan Tra Bic; NiSO,.6H,0, amonlpesunfat thube thir hién
mau dimetylglyoxim deu 14 céc hoa chat tinh khiét dung trong
phan tich cia Hang Merck (D).

Ché tao hat P-CAB trén co sé alginate

Hat P-CAB trén co so alginate dugc tao thanh bang phuong
phap tao gel ion trong dung dich c6 chira ion Ca(II). Dung d1ch Alg
duoc chuén b bang céch can 1 g Alg cho vao 100 ml nu6e cét (1%
khdi luong), khudy manh bang may 6 tdc do 800 vong/phit dén tan
hoan toan. Can mgt lugng 0,5 g AC (ty 1€ Alg/AC=1/0,5) cho vao
dung dich Alg vira pha. Khudy déu biang may ¢ toc do 800 vong/
phit trong vong 30 phut dé AC phan tin déu trong dung dich Alg.
Tiép tuc cho 0,1 g SLS (ty 18 Alg/SLS=1/0,1) vao hdn hop trén va
khudy 30 phut dé SLS tan hét, dong thoi tao bot x4p. Sau khi thu
dugc dung dich déng nhat céc thanh phan, hon hop trén duge nho
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timg giot vao 200 ml Ca(NO,), 0,3 M dé pha san bang buret & do
cao 5 cm. Hat P-CAB dang h1nh cau duogc hinh thanh ngay khi
tiép xtic voi dung dich Ca(II). Dé hat P-CAB 6n dinh trong 24 gio,
sau do loc rira bang nudc cat 3 lan dé loai bo ion Ca(II) con du.
Séy kho san pham & 60°C trong 6 gid thu duoc hat P-CAB c6 kich
thude trung binh 2,5£0,5 mm, dugc ky hiéu 1a P-CAB. Dién tich
bé mit riéng Sgpy va dudng kinh 16 xép cua vat liéu dugc phan tich
bing phuong phap hap phu - giai hap N, long trén thiét b TriStar IT
3020 cua Hang Micromeritics tai Vién Ky thudt nhiét doi.

Thuee nghiém hip phu Ni(Il)

Sau khi phan tich dac trung hinh thai cu tric, hat P-CAB duoc
str dung dé nghién ciru kha ning hap phu cac ion kim loai Ni(II)
bang phuong phap hap phuy tinh. Thi nghiém hép phy tinh duoc
tién hanh tai nhiét do phong, lugng chat hap phu la 2 g/l, toc do
lic 150 vong/phut. Piéu kién pH tt nhat dé hip phu ion Ni(II)
trén hat CAB da dugc xéac dinh trong nghién ctru trudce (pH 3-7,5)
[21]. Trong nghién ctru nay, pH 7 dugc lya chon dé tién hanh cac
thi nghiém hap phu Ni(IT). Gia tri pH cta dung dich hap phu duoc
xéc dinh bang may HI 2211 pH/ORP meter, Hanna Instruments,
duoc diéu chinh bang cac dung dich HC1 0,1 M va NaOH 0,1 M.
Hiéu sut H (%) va dung lwong hip phu q (mg/g) duogc tinh theo
cong thire sau:

(Co— Ce)-100

L1 ) (n

_ (Co- ce) v.10~3

H=

(mg/g) )

trong do: C;: nong d6 ion kim loai ban dau (mg/); C;: nong do ion
kim loai tai thOl diém hap phu dat can bang (mg/l); V: thé tich dung
dich ion kim loai (ml); m: khéi luong vat licu hap phu (g).

So sanh hidu suat hip phu Ni(Il) cia CAB, AC va P-CAB ¢
cung dléu kién pH 7, ndng do ion Ni(II) ban dau la 100 mg/I, thoi
gian tlep xtc la 120 phit. Khdo sat anh huong cua thoi gian tiép
xiic va nong do ion kim loai ban dau dén hidu suat hap phu H (%)
va dung luong q (mg/g) hip phu. Tir két qua thu duoc, xac dinh
diéu kién hap phu t5t nhat, xdy dung m hinh dong hoc va dang
nhiét hip phu phu hop, ddng thoi xac dinh dung luong hip phu
cucdaiq Nong d¢ céc ion Ni(II) trude va sau khi tach loai dugc
xdc dinh bang céch tao phitc mau voi thude thir dimetylglyoxim
va do d6 hp thu quang trén thiét bi CINTRA 40, GBC cia My tai
budc song 470 nm. Pong hoc hap phu dugc tinh toan theo md hinh
dong hoc biéu kién bac 1 (3) va 2 (4). M hinh ding nhiét duoc
tinh toan dua trén mo hinh dang nhiét hip phu Langmuir (5) va
Freundlich (6).

M0 hinh dong hoc hap phy bac 1 dang tuyén tinh nhu sau:
hl(qe - Qt) = (3)

trong do: k;: hang s6 toc do ‘phan ung theo md hinh dong hoc béc
L(t"); g, qt dung luong hap phu tai thoi diém can bang va thoi
diém t (mg/g).

lnqe - kl

M0 hinh dong hoc hap phy bac 2 dang tuyén tinh nhu sau:
et (4)

A ka3 qe
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trong do: k,: hing s6 toc do phan 0 mng theo mo hinh g1a dong hoc
bac 2 (g/mg t); q,, g, dung lugng hép phu tai thoi diém can bang
va thoi diém t (mg/g).

M0 hinh ding nhiét hip phy Langmuir:
Ce 1 1

C ;= Ce+ (5)

dmax AmaxKL

9 = 9max 1t ;ie(:e hoa
trong do: q__ : dung lugng hép phu cyc dai (mg/g); K : hing s6 hip
phu Langmuir (I/mg).

M0 hinh ding nhiét hap phu Freundlich:

q= KgCY™ hoidc lgq = IgKg + %lg Ce (6)

trong do: K : hing s6 hap phu Freundlich (/mg); n: tham s6 thuc
nghi¢m.

Ket qua va thio luan
Dign tich bé mdt riéng ciia vit liéu

Dién tich bé mit riéng, thé tich mao quan va dwong kinh 18 xdp
cua P-CAB duogc trinh bay ¢ bang 1 va dugc so sanh voi carbon
hoat tinh AC va CAB trudc khi bién tinh. Két qua cho thdy, dién
tich bé mit riéng cia P-CAB nho hon AC nhung 16n hon réat nhiéu
CAB. CAB di chiém chd mét phin cic mao quan cua than hoat
tinh lam giam thé tich mao quan trung binh, dan t6i dién tich bé
mat riéng P-CAB giam so vdi AC. Tuy nhién, so voi CAB (~0,04
m?/g), dién tich bé mat riéng ciia P-CAB (~160 m?¥g) ting hon
4.000 lan. Dién tich cac 16 x6p nho va trung binh ciia P-CAB tinh
bai phuong trinh BJH 1a 112,32 m¥g, chiém khoang 70% tong
dién tich bé mat riéng cua hat. biéu nay cho théy, mao quan nho
va trung binh chiém da sd trong cdu tric ciia P-CAB. Céc mao
quan nho ¢ nm trong P-CAB (~2,78 nm) dugc hinh thanh la do
trong thanh phan c6 chira than hoat tinh ¢6 sin cdc mao quan nho
(~2,14 nm).

Bang 1. Dién tich bé mit riéng va kich thwéc 16 x6p ciia CAB, AC
va P-CAB.

CAB AC P-CAB
Dién tich bé mit riéng BET (m?/g) 0,04 872,67 160,19
Dién tich bé mit riéng tinh theo phuong
phép BIH (m?g) 0,01 391,69 112,32
Puong kinh 16 x6p mao quan trung binh 10.99 214 278
(nm) s > >
Téng thé tich mao quan trung binh 0.00003 02097 0.0781

(cm?/g)

Két qud hép phu ion Ni(II)

So sénh hiéu sudt hép phu Ni(Il) cua cac vat liéu CAB, AC va
P-CAB: tién hanh so sanh hi¢u sut hap phu cta céc vat liéu CAB,
AC va P-CAB ¢ diéu kién ndng d6 Ni(IT) 100 mg/1, lugng chat hip
phu 2 g/1, thoi gian tiép xtc 120 phut. Phan tich nong do Ni(II) sau
khi hép phu, tinh toan hiéu suat hap phu theo cong thirc (1). Hiéu
suét hap phu Ni(II) cta cac vét liéu dugc trinh bay ¢ hinh 1.
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Hinh 1. Hiéu suéat hap phu Ni(ll) trén cac vat liéu khac nhau.

Két qua cho théy, P-CAB c6 hiéu suat hip phu cao nhat ~50%,
AC c¢6 hiéu suat hdp phu thép nhat ~10%, CAB c6 hiéu suat hip
phu ~30%. Nhu vay, viéc tao do xép cho vat li¢u da cai thién dang
ké hiéu sudt hap phu Ni(II), mdc du vt lidu két hop 1a AC ¢6 hieu
suat hép phu kim loai nang kém. T4c nhan hap phu Ni(I) chi yeu
van 1a cac nhém chire ¢6 trén bé mit cia alginate. Hiéu suat hép
phu ting cao co thé dugc giai thich 1a khi vat lidu c6 do xbp cao
da gitip cho ion Ni(II) tiép xtc nhanh va khuéch tin sau vao trong
cdu triic cua vat lidu, gilp viée bit gilr ion Ni(II) vao trong vat liéu
hiéu qua hon.

Anh heong ciia thoi gian hdp phu va dong hoc hap phu: dung
lugng hdp phu ion Ni(Il) dwgc khao sat tai pH 7, ham lugng
P-CAB 1a 2 g/I, nong do Ni(II) ban dau la 100 mg/l, két qua dugc
trinh bay ¢ hinh 2.

25+

20

q (mg/g)

54

T T T T T
0 60 120 180 240 300 360

Thoi gian (phut)
Hinh 2. Dung lwgng hap phu Ni(ll) trén P-CAB theo th&i gian tiép
Xuc.

Két qua & hinh 2 cho thiy, dung lugng hap phu ting nhanh
trong khoang thoi gian tir 1 dén 60 phut, tir 2 1én 21 mg/g. Sau 60
phitt, dung lwong hép phu gan nhw khong ting nita, qué trinh hip
phu dat can bing. Céc dit lidu thuc nghiém dugc phan tich theo 2
mo hinh dong hoc hap phu biéu kién bac 1 (3) va 2 (4). P4 thi va
cac tham sb ciia phuong trinh dong hoc duoc biéu didn & hinh 3
va bang 2. Két qua cho thay phuong trinh dong hoc biéu kién bac
2 pht hop hon dé mé ta qué trinh hip phy ion Ni(II) trén P-CAB
b("yi‘ hé s6 tuong quan R>~1 va (}ung luong hip phu can bang q,~9,
bicu nay cling phu hop voi két qua nghién ctu trude cia chung
t01 [21].
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Hinh 3. Péng hoc hap phu Ni(ll) bac 1 (A) va 2 (B) trén P-CAB.

Bang 2. Cac tham s6 phwong trinh dong hoc hap phu Ni(ll) trén
P-CAB.

DPong hoc bac nhat Dong hoc bac 2

4,

(l(ng /2) kx10° ¢, R kx10° q, r
(phut')  (mg/g) (g/mg.phuy)  (mg/g)

2328 2,49 12,81 08665 0,49 24,10 0,9997

Anh hwong cia nong d@o Ni(Il) ban dau dang nhiét hap phu: thi
nghiém khao sat anh huong ctia ndng do Ni(IT) ban dau dén hiéu
suét va dung luvong hip phu duoc thyc hién véi lugng chat hap phu
142 ¢/l va pH 7. Nong do dung dich Ni(II) ban dau thay doi tir 5
dén 1.000 mg/l. Két qua bién thién hiéu sut hip phu H va dung
luong hép phu q theo ndng do Ni(II) duogc trinh bay & hinh 4.

H q
] e "
80 7.\ ,——"“/ 4-30
n
F40
60 -|
A _
? F30 %‘;
< 40 £
= /A 20 =
ry
) \-
2044 T—
F10
[ \-\I
0 : : ! :
0 200 400 600 800 1.000
Co(mg/l)

Hinh 4. Anh hwéng cia ndng dé Ni(ll) ban dau dén kha nang hap
phu.

Két qua thuc nghiém cho :[héy, hi¢u sut hip phu H giam dan,
dung luong hép phu q tang dén khi nong d¢ Ni(II) ban dau tang.
Khi nong do Ni(Il) I6n hon 400 mg/I thi q dat can bang. Dt liéu
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thuc nghiém trén duge st dung aé phan tich theo 2 mo 'hinh déng
nhiét hap phu Langmuir (5) va Freundlich (6). Dang tuyén tinh cua
2 duong dang nhiét hap phu dugc biéu dién ¢ hinh 5.

18-
&)
16
14
S 12
-5
O 104
8 4
6 4
4 [
| n
0 : . : : :
0 200 400 600 800 1000
Ce (mg/g)
4.0 3B) a aa
35
3.0
A
o 25 A
= 2
1.5
1.0
h
0.5
0,0 . . . . . . .
1 2 3 4 5 6 7
In Ce

Hinh 5. DPwéng dang nhiét hdp phu Langmuir (A) va Freundlich (B).

T céc dd thi & hinh 5 ¢6 thé x4c dinh duge hé sb tuong quan
ctia phuong trinh hoi quy (R?) va cdc thong sb khac. Két qua duoc
trinh bay ¢ bang 3. Tir hang s can bang hap phu K, trong phuong
trinh Langmuir ¢6 thé tinh tham s6 RL d6i voi mdi nong d6 ban dau
C, cua Ni(Il). R, phan nh 4i lyc gitra ion Ni(II) véi bé mat cuia vat
heu déc trung cho ndng lugng cua cic tim hap phu va lién quan den
nhiét hip phy. M6 hinh dang nhiét khong phi hop khi R >1; tuyén
tinh khi R, =1; phu hop khi 0<R <I va khong thuan nghich khi R =0.

1

R,=——
LT14KG

Bang 3. Cac théng s cia mé hinh dang nhiét hap phu Langmuir
va Freundlich.

Ding nhiét Freundlich Ding nhiét Langmuir
n K, R’ q,.Mmge) K, R, R’
2,44  4,0346 09064 53,76 0,0222  0,90-0,04  0,9943

Két qua bang bang 3 cho thdy, qué trinh hdp phu Ni(Il) cia
P-CAB phu hop véi mé hinh ding nhiét Langmuir (hé s6 R=0,99).
Dung luong hap phu cyc dai tinh theo mé hinh déng nhiét hap phu
Langmuir dat 53,76 mg/g. Trong khoang ndng d6 kho sat, RL dao
dong trong khoang 0-1, chimg to qua trinh hdp phy dién ra thuan
loi. So sanh voi két qua da cong bo truée cia CAB [21], taco thé
thay, dung lugng hép phu Ni(Il) cia P-CAB da tang gap 8,3 lan (tu
6,48 18n 53,76 mg/g). Nhu vy, viéc tao do x5p cho alginate bing
cach két hop carbon hoat tinh va chat hoat dong bé mat da gitip
cai thién dang ké dung luong hap phu Ni(II). Dong thoi, viée ing
dung P-CAB vao thuc té ciing dé dang hon boi c6 thé ap dung mo
hinh xur ly dang cot.
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Keét luan

D ché tao thanh cdng hat P-CAB trén co so alginate két hop
v&i carbon hoat tinh va chat hoat dong bé mat SLS véi dién tich bé
mit riéng dat 160 m%/g, 46 rong mao quan 1a 2,78 nm. Qua trinh
hép phu Ni(IT) bang phuong phap hép phu tinh cho théy, dir ligu
thuc nghiém tuén theo md hinh dong hoc hap phu bac 2 va ding
nhiét hép phu Langmuir. Dung lugng hép phu cuc dai dat 53,76
mg/g ting 8,3 1dn so voi hat CAB khéng bién tinh (6,48 mg/g).

Cong trinh nay dugc thuc hién trén co so kinh phi tur aé tai
khoa hoc va cong nghé cap Vién Han 1dm Khoa hoc va Cong nghé
Viét Nam (ma s6 VAST.03.05/21-22). Céc téc gia xin chan thanh
cam on.
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