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1. GIOI THIEU

Cung véi su gia ting cac hoat dong cong nghiép 1a viéc san sinh céc chat thai nguy hai, tac
dong tiéu cyc tryc tiép dén sirc khoe con ngudi va hé sinh théi. Cac hoat dong khai thac mo, cong
nghi¢p thudc da, cong nghiép dién tur, ma di¢n, loc hda dau hay cong nghé dét nhuom... datao ra
c&c ngudn 6 nhidm chinh chira cac kim loai nang doc hai nhu Cu, Pb, Ni, Cd, As, Hg...[1,4].
Nhirng kim loai nay cé lién quan truc tlep dén céc bién doi gen, ung thu ciing nhu anh huong
nghiém trong dén moi truong [1,2]. Déi voi nhitng nude dang phét trién nhu Viét Nam, qui mod
cdng nghiép chi yéu & muc vira va nho, viéc xir ly nude thai gap nhiéu kho khan do chi phi xu ly
cao, kha nang dau tu thap [3,4]. Céac phu pham ndng nghiép do dé dugc nghién ciru nhiéu dé sir
dung trong viéc xir Iy nuéc vi chling cé c&c vu diém la giathanhre, lavat li¢u co thé té tao dugc
va thanh phan chinh caa ching chira cac polymer d& bién tinh va cé tinh chat hip phu hoic/iva
trao déi ion cao [1,2,3].

Céc vat liéu lignocelluloses nhu min cua, xo dira, trdu, vé cac loai dau, ba mia...da duoc
nghién ctru cho thay c6 kha nang téach céc kim loai nang hoa tan trong nuéc nho vao cau tric
nhiéu 15 xdp va thanh phan gom c&c polymer nhu cellulose, hemicelluloses, pectin, lignin va
protein. Céc polymer ndy cd thé hip phu nhiéu loai chét tan dic biét 1a cac ion kim loai héa tri
hai. Cac hop chat polyphenol nhu tannin, lignin trong gb dwoc cho |a nhitng thanh phan hoat
dong c6 thé hap phu céc kim loai nang. Reddad (2002) [8]cho rang céc vi tri anionic phenolic
trong lignin c6 & luc manh déi véi cac kim loai niang. Mykola (1999) [9] ciing chirng to ring cac
nhoém acid galacturonic trong peptin lanhitng vi tri lién két manh véi céc cation.

Céc nhém hydroxy! trén cellulose ciing déng mot vai trd quan trong trong kha ning trao doi
ion caa céc lignocelluloses. Ban than cac nhdm ndy cd kha nang trao déi yéu vi lién két OH o day
phan cyc chua du manh. Nhiéu bién phép bién tinh d& duoc cong bd nhu oxy héa cac nhém
hydroxyl thanh cac nhém chuc acid hoic sulfo hda bing acid sulfuric.

Gan day nhit |a phuong phép ester hda cellulose bang acid citric. James D. Mc Sweeny
(2006) da dung acid citric hoat hda gd Aspen [5], Wayne E. Marshall (2006) diing acid citric hoat
héa vo dau nanh déu nhan thiy mot sy gia ting dang ké kha niang téch loai c&c ion kim loai tan
trong nuée [6]. Qua trinh hoat héa bao gdm céc budc ngam vat liéu trong dung dich acid citric
bao hoa sau d6 siy khd, cac phan tir acid citric khi d6 s3 thAm siu vao cac mao quan caa vat lisu.
Tiép theo nung ¢ nhiét d6 khoang 120°C trong 8 gio [7]. Acid citric dau tién s3 chuyén thanh
dang anhydric, tiép theo 1& phan (g ester hda xay ra giira anhydric acid va cac nhém hydroxyl
cua cellulose. Tai vi tri phan tng nhu vy da xuat hién hai nhém chirc acid (tir acid citric) cd kha
nang trao doi ion. Néu tang nhiét do hoic kéo dai thoi gian phan wng, qué trinh ester hda co thé
tiép tuc xay raddi véi cac nhém acid con lai cua acid citric 1am giam kha nang trao doi ion (Hinh
1) [5].
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Hinh 1. Ester héa cellulose bing acid citric

So véi céc bign phép bién tinh cellulose truéc d6, phuong phép sir dung acid citric c6 nhiu
uu diém nhu diéu ki¢én phan tng don gian, tac nhan acid khong doc hai, gia thanh khong cao.
Phuong phap nay dugc nhiéu t&c gia khac ung dung rat hidu qua cho céc phu pham néng nghi¢p
|a céc loai vat ligu xop dé dang cho acid citric ngam vao bén trong. Tuy nhién ddi véi mot sd go
cirng, bién phap nay cho hiéu qua khéng cao.

V6i muc tiéu tim kiém mot loai phu phim nong nghi¢p cb kha nang xu ly hi¢u qua cac cation
cling nhu anion, trong nhitng nghién ctru ban dau nay chdng téi chon hai san pham phu trong
ndng nghiép pho bién & dong bang song Ciru Long laxo dravavo trau dé khao sét kha nang tach
ion kim loai ra khoi nugc caa ching. Qua trinh bién tinh bang acid citric cing duoc 8p dung dé
xem xét hiéu qua caano trén hai vat liéu trén.

2. THUC NGHIEM

2.1. Nguyén vat liéu va phwong phép

2.1.1. Nguyén vt liéu — héa chdt nghién ciru

Héa chat dung trong thi nghi¢m 1a NiCl,.6H,0, CdCl,.H,0, Zeolit A, Dimethylglyoxim va
Dithizon dang PA cia Merck; nhya cationit caa My. Cac dung moi CHCI3, CCl4, acid citric cua
Shanou Xilong (Trung Quoc) va nudc cat mot lan. Céc hda chat dugc pha trong cac dung moi

thich hop dé tao c&c dung dich c6 nong do xéc dinh vakhéng qua xtr ly gi thém. Xo diraBén Tre,
trau Tién Giang duoc sir dung trong nghién ciru ndy.

2.1.2. Quatrinh hogt héa

Xo dirava vé triu duoc rira sach bang nuéc thuy cuc dé xu |y tap co hoc. 200 g vat liéu khd
dugc ngam vao 2,5 lit dung dich acid citric béo hoatrong 48 gio. Sau d6, xo dirava triu dugc lay
rakhoi dung dich acid citric, dé khé tu nhién ¢ diéu kién phong thi nghiém. Céc vt liéu ndy dugc
siy & 600C trong 5 gidr, va hoat hda & 1200C trong 8 gio. Vit liéu sau khi hoat héa duwgc ngam
rira bang 5 lit nudc cat trong 4 gio, 1ap lai quatrinh ndy 3 1an nham rira hét acid citric du. Sau d6
sy lai ¢ 600C trong 6 gio, bao quan trong cac bao plastic.

Déi v6i nhdm khong hoat héa, 200 gam vat lidu dugc ngam véi 5 lit nude cat trong 4 gio, 1ap
lai quatrinh ndy 3 1an twong tu dbi véi nhém vat lidu 6 hoat hda dé loai céc tap chat co trong xo
diravatrau.

2.1.3. Thiét bi nghién ciru

Phan ng duoc thuc hién trong thiét bi Jatest gom 6 hé thong khudy hoat dong cling ché do.
Nong d¢ cation dugc xé&c dinh bang phuong phdp so mau trén méy Genesis 20 (Anh Quéc). Do
dan dién riéng va pH céc dung dich dugc do bing méy do d6 din WTW LF330 va may do pH
Cyberscan 510 (Anh Quéc). Béi véi mau chira ddng thoi Ni%* va Cd?*, ndng d6 cua ching duoc
xé&c dinh bang phuong phap AAS trén méy Perkin Elmer 3300.

2.2.M6ta thi nghiém
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Can chinh x&c 2 g vat liéu biang can phan tich cho vao bercher 250ml. Thém 200ml dung dich
chrakim loai c6 nong do xéc dinh, do nhanh d6 dan dién riéng va pH ban dau cua hé. Thuc hién
phan tng trong 60 phit, c6 dinh ché do khudy bang méy Jatest cho tat ca céc thi nghiém. Loc
nhanh, do d6 dan va pH sau phan eng. Dung dich qualoc duoc phalodng dén ndng do thich hop
dé xéc dinh nong d6 Ni** (Po d6 hap thu caa mau & bugc séng 375nm, duong chuan C(ppm) =
1,7804A — 0,01039; R2 = 0,9993) va x&c dinh néng d6 Cd** (budc song 520nm, duong chuan
C(ppm) = 1,321A —0,0312; R2 = 0,9913). Tur d6 tinh dung lugng xu Iy (lvgng cation xu |y trén 1
g vat liéu, mg/g) va hiéu suét tach loai cation (%) cua xo dira va triu. So sanh véi cac vat lieu
tuong tng khong hoat héa va céc loai trao doi ion thong dung |a nhya cationit va zeolit A. Mdi thi
nghiém dugc 1ap lai 2 1an, két qua duoc danh giatrén giatri trung binh.

3. KET QUA VA THAO LUAN

3.1.Khao sét sir thay déi pH, d9 din ciaa dung dich Ni** va Cd**

Nhu d& néu trong phan gidi thiéu, kha niang téch loai ion kim loai ra khoi dung dich nuéc la
do sy hap phu hogc/va sy trao d6i ion cia céc polymer cé trong thanh phan cia phy pham nong
nghiép. Néu su trao ddi ion co xay ra, hai ion H* s3 thay thé cho mot ion kim loai hoartri hai, két
qua s& lam giam pH dong thoi ting do dan dién riéng y (uS/cm) cua dung dich. Khao sét sir thay
ddi pH vado dan dién caahai dung dich Ni** va Cd®* khi ngdm trong triu va xo dira cé va khéng
c6 hoat héa bang acid citric (Bang 1, 2, 3, 4) déu nhan thdy pH dung dich giam dong thoi do dan
dién riéng tang. Mrc d6 thay d6i pH vay trén cac dung dich ngam trong vat liéu c6 hoat héa bang
acid citric [én hon so véi dung dich ngdm trong vat liéu khéng hoat héa. Nhu vay khi chuea hoat
hoa d co sy trao doi ion xay ravaquatrinh ndy duoc ting cuong dbi véi vat lidu da hoat hoa.

Bang 1. pH dung dich Nickel truéc va sau xir ly

N Xo dira % Trau
. Nhyra Zeolit A Xo dira khéng Trau Khong
[Ni<T, cationit hoat héa > hoat héa >
opm hoat héa hoat héa

PHo | pPH:y | pHo | PH1 | pPHo | PHy | PHo | PH: | pHo | pHy | pHo | pH:

100 452 | 334 | 655 | 541 | 625 | 525 | 532 | 469 | 520 | 440 |569 |500

50 464 | 400 | 675 | 585 | 635 | 521 | 589 | 523 | 541 | 475 |588 |525

10 4,75 | 458 | 693 | 608 | 653 | 566 | 603 | 546 | 553 | 490 |597 |552

5 486 | 478 | 7,17 | 636 | 7,01 | 642 | 655 | 594 | 565 | 541 |635 |601

1 501 | 491 | 7,15 | 655 | 705 | 682 | 667 | 603 | 570 | 548 | 637 | 601

Bang 2. Bo dan dung dich Nickel trugc vasau xir ly

Nhua . Xo dua
cationit Zeolit A hoat hoa
[Ni*] ppm Xo, x4, Xo, X, Xo, X1,
uS/cm uS/cm uS/cm uS/cm uS/cm uS/cm
100 92,30 | 149,82 | 10251 | 168,30 | 107,10 | 175,78
50 50,65 79,72 60,12 95,34 50,45 76,81
10 19,54 29,83 34,56 51,43 21,90 32,58
5 18,01 27,02 15,21 22,48 17,65 25,44
1 16,32 24,14 10,12 12,93 12,17 17,50
Xo dira khong Trau Trau Khéng
hoat hoa hoat hoa hoat hoa
[Ni*] ppm Xo, X1, Xo, X1, Xo, XL,
nS/cm nS/cm uS/cm nS/cm nS/cm uS/cm
100 85,55 | 133,86 82,51 131,25 | 78,14 114,73
50 38,14 57,10 40,12 61,32 36,55 51,83
10 25,55 35,51 14,56 21,64 12,11 16,13
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5 20,14 27,11 10,21 14,32 8,96 11,52
1 19,52 25,22 10,12 12,95 7,56 9,34
Bang 3. pH dung dich Cadmium trudc va sau xu ly
. Xo dira £ Trau
2’ Nhwa Zeolit A Xo dira khong Trau Khong
[Cd™] cationit hoat héa > hoat héa ,
opm hoat héa hoat héa
pHo | pH: | pHo | pH: | pHo | pH: | PHo | PH: | pHo | pPH: | pPHo | PH:
100 554 | 394 | 587 | 431 | 426 | 312 | 502 | 3,70 | 440 | 328 | 540 | 4,14
50 561 | 466 | 625 | 523 | 452 | 378 | 533 | 454 | 499 | 430 | 549 | 422
10 571 | 529 | 6,75 | 576 | 470 | 396 | 567 | 484 | 515 | 496 | 564 | 548
5 575 | 547 | 689 | 640 | 486 | 421 | 611 | 529 | 532 | 516 | 582 | 5,69
1 685 | 666 | 7,33 | 7,10 | 501 | 482 | 625 | 611 | 59 | 579 | 596 | 5,79
Bang 4. 6 dan dung dich Cadmium trudc va sau Xt |y
Nhwa . Xo dira
o cationit Zeolit A hoat hoa
[Cd™] ppm
X0, uSem A1, uSem X0, uSem X1, uSlem X0, uSem X1, uSlem
100 50,6 72,57 46,5 62,11 75,91 114,05
50 30,5 39,67 30,25 40,32 50,29 72,72
10 13,5 16,79 10,01 13,22 224 31,28
5 12,95 15,61 9,87 12,50 18,52 24,77
1 10,87 12,92 8,96 11,28 14,68 19,05
Xo dira khong Trau Trau Khéng
cd? hoat hoa hoat hoa hoat hoa
[ I'ppm %0, uS/em | x1, uSlem | %0, uS/em | 1, uS/em | ¥0, uS/em | x1, pS/em
100 52,17 65,29 59,35 80,87 49,39 63,59
50 35,36 42,54 45,35 61,46 31,35 40,30
10 18,97 22,39 24,83 32,56 14,83 18,95
5 11,32 12,68 20,55 26,16 10,55 13,36
1 9,12 10,07 18,21 22,60 9,21 10,44

Nong do dung dich ban dau ciing anh hudng réat nhiéu dén sy thay doi trén. Nong do dung
dich cang cao thi d6 tang d6 dan dién riéng va doé giam @6 pH cang [én.

3.2.Khao st kha ning hap phu hoic/va trao déi ion Ni**, Cd*

Kha nang xt ly ion kim loai ciaxo dira vatrau dugc khdo sét trén hai dung dich md phong 1a
dung dich Ni** va Cd®* & céc ndng do khéc nhau. Két qua duoc so sanh véi céc loai nhya trao doi
ion théng dung va zeolite — A.

Bang 5. Hiéu suat (%) xir ly Ni** Bang 6. Dung luong (mg/g) xur Iy Ni**

C, ppm 100 50 10 C, ppm 100 50 10
Cationit | 89,21 | 79,84 | 65,62 Cationit | 49,60 | 22,46 | 3,78
Zeolit A | 91,23 | 86,23 | 71,51 Zeolit A | 55,65 | 25,55 | 3,93
Xodira | 63,51 | 58,42 | 45,96 Xodra | 31,75 | 14,60 | 2,29
Xo dua* | 90,22 | 83,24 | 49,73 Xodua* | 54,11 | 25,81 | 2,48
Trau | 45,221 | 39,40 | 32,17 Trau | 22,60 | 9,86 | 1,60
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Triuc | 7841 | 59,63 | 32,59 |

Triu | 3921 | 14,90 | 1,63 |

Higéu suét mg/g
(%) —e— Cationit 50 ~ —
100 —— Cationit
90 —a— Zeolit A 40 + = Zeolit A
80 - — - — Xo dira 30 - - - Xo dira
70 A
50 — ¢ — Xo dira? 20 — >~ Xo dura*
50 + =%~ Tréu 10 | ---x-- Tréu
407 ---e--- Tréu* ---e--- Tréu*
30 S T T T T 1 0
0 20 40 60 80 100[Ni* ppm 0 20 40 60 80 100[Ni*]pm
Hinh 2. Hiéu suat xir ly Nickel Hinh 3. Dung lugng xtt 1y Nickel
Bang 7. Hiéu suat xir ly (%) Cd** Biang 8. Dung lwong (mg/g) xir ly Cd**
C, ppm 100 50 10 C, ppm 100 50 10
Cationit | 82,46 | 69,37 | 59,11 Cationit | 41,23 | 17,34 | 2,95
Zeolit A | 77,56 | 68,52 | 58,93 ZeolitA | 38,78 | 17,13 | 2,94
Xodira | 50,23 | 40,98 | 32,15 Xodra | 2511 | 10,24 | 1,60
Xodira* | 81,24 | 70,36 | 60,88 Xodwa* | 40,62 | 17,59 | 3,04
Trau | 40,12 | 35,21 | 23,17 Trau |2006| 880 | 1,15
Trau* | 68,41 | 61,35 | 51,55 Trau* | 34,20 | 1533 | 2,57
Hiéu suét
% mg/g
—— Cationit Zg ] —— Cationit
—=— Zeolit A 70 1 o | —=— Zeolit A
— = Xo dira 60 7 — & —Xo dira
50
° ’//_/‘A — = — Xo dira*| 40 — > — Xo dira?|
40 ,/"A‘/i EEEEE X |--ox-- Tréu 30 7 ---x--- Tréu
am T X 20 -
w7 ---e--- Triu* 10 4 ---e--- Trau*
20 ‘ ‘ ‘ ‘ ‘ 0 1
0O 20 40 60 80 100 [Cd™], ppm 0 20 40 60 8 100 [CT, ppm

Hinh 4. Hiéu suat xir |y Cadmium Hinh 5. Dung lugng xir ly Cadmium

(* twong ung vai vat liéu co hogt hda)

Tir sb lidu thu duoc trong céc bang 5-8, mot sd nhan xét ¢d thé duogc rit ranhu sau:

- Xo dira sau khi hoat hda cé kha nang hap phu/trao déi ion rat cao ngang bang véi nhya trao
déi ion hoac zeolite A. Higu suat xir ly Ni*" dat 90,22% va 83,24% tuong tng véi nong do Ni** 1a
100 ppm va 50 ppm, ngang véi zeolite A. Hiéu suat xt ly Cd®* ¢ hai ndng do trén 12 81,21% va
70,36%, ngang véi nhyatrao d6i ion. Dung luong xir Iy mot lan ciing twong dwong nhya trao doi
ion va zeolite A.

- Kha niang hip phu/trao d6i ion Ni?* va Cd®* cua triu hoat hda thip hon so véi xo dira hoat
héa. Hiéu suit xir ly Ni?* va Cd®* & ndng d6 100 ppm va 50 ppm twong wng |a 78,41%; 59,63%
va 68,41%; 61,35%.
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- Xo dirava trau khéng hoat héa van cé kha nang hap phu/trao déi ion Ni?* va Cd**. Tuy hiéu
sut xur ly caaxo dira khdng hoat héa (63,51% ddi voi Ni** ndng do 100 ppm) thip hon so véi xo
dira d& dugc hoat hda nhung nguyén ligu ndy rat phong phi va rat ré nén 63,51% van la mot sb
liéu rat cd y nghia.

- Qué trinh hoat hda bang acid citric d& c6 hiéu qua rd rét 1am tang hiéu suit xir 1y 1&n khoang
30% (63,51% &90,22% ddi v6i xo dira va 45,21% a78,41% ddi véi triu). Kha nang xir ly caa
trau kém hon so voi xo dira c6 thé do kha nang hip phu ban dau kén hon, vi ham luong thap céc
polymer c6 téc dung hip phu nhu lignin, tannin. Tuy nhién kha nang trao doi ion van tuong
duong xo dira vi vay sau khi hoat héa cc nhém OH, do tang hiéu suit 1& 30% gidng nhu xo dira.

- C&c sb lidu thu dugc & ndng d6 céc ion |& 10 ppm cd su sut giam rd rét hidu sudt xu ly caa
cé xo dira va trau. Ching téi cho ring c6 18 phuong ph&p so mau sir dung ¢ viing nong do thap
khong chinh xac va dé sir dung phuong phdp AAS dé kiém tra lai két qua & ndng do cacionla10
ppm. Két qua cho thiy hiéu suit & ndng do 10 ppm thuc chit van cao nhu ¢ viing ndng do cao.

Bang 9. Két qua xtr ly dung dich Ni** va Cd®* néng d¢ 10 ppm bang phuong phap AAS
Xo dira hoat héa | Vé trau hoat héa

NiZ* % 88,92 68,89
Cd* % 81,46 63,03

4. KET LUAN

Két qua khao sét cho thiy hai loai phu phidm ndng nghiép 1a xo dira va trau cé kha nang hip
phu/trao d6i ion Ni** va Cd** véi hiéu suit kha cao (50 — 60% ddi véi xo dira va 40 — 45% doi
VGi trau).

Viéc hoat hda xo dira va trau bing acid citric ¢6 tac dung nang cao rd rét hiéu suat xir 1y ion
Ni%* va Cd?" 1am tang hiéu suét ca hai 1én khoang 30%. Hiéu suit nay khong thay d6i nhiéu khi
thay ddi ndng do ion kim loai trong dung dich.

Kha nang hap phu/trao ddi ion rd rang phu thudc nhiéu vao ban chit ciu trdc caa nguyén lidu.
Cén c6 nhirng nghién cau thém vé cu tric (b mét riéng) va thanh phan (thanh phan cac
polymer) nguyeén li¢u dé hiéu rd nguyén nhan gilp xo dira c6 kha niang hap phu/trao dbi ion tét
hon trau. Trén co s& d6 co thé dinh huéng nhanh chéng loai nguyén liéu ndo cd kha ning hip
phu/trao di ion tét nhat.
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