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STUDY ON SYNTHESIS OF POLYMER-BENTONITE COMPOSITE BY
RADIATION COPOLYMERIZATION TECHNIQUE FOR
APPLICATION OF HEAVY METALS ADSORPTION

Tom tat: Ngay nay, viéc ap dung cong nghé birc xa dé tong hop vat liéu c6 kha nang hap
phu tt cac kim loai nang ngay cang duoc &p dung rong rai. Bang ky thuat copolyme hoa
bic xa véi liéu xa 15kGy va ti 1é cac hop phan (%) cua GMA : MMA : acetone :
bentonite twong ung 1a 22,22 : 11,11 : 33,33 : 33,34, vat liéu polyme-bentonite composite
da duoc ché tao véi higu suat dat 86,53 + 0,36 (%). P9 truong nudc cua vat lidu trudc va
sau khi chuyén héa nhom chirc bang dung dich Na,SO; 20% va dung dich HCI 1M ciing
duogc khao sat véi két qua twong ng lan luot 12 5,53 + 0,21 (%) va 185 + 4,88 (%).
Nghién ctu kha ning hap phu Cr®* trong nuéc caa vat liéu cho thiy & trang thai dong dat
1,80 mg/g va trang thai tinh dat 1,16 mg/g. Vat liéu polyme-bentonite composite dugc
ché tao bang k¥ thuat copolyme héa biic xa ¢6 nhiing tinh ning vuot troi hon so véi nhya
thuong mai (Lewatit MonoPlus S108 va Lewatit MonoPlus M500) dang st dung tai Vién
Nghién ctru hat nhian Pa Lat.

Tir khoa: birc xa, copolyme hoa, bentonite, composite, hdp phu.

Abstract: Today, the application of radiation technology to synthesize materials with
good adsorption capacity of heavy metals is increasingly applied. Bentonite composite
polymer material with the conversion yield of 86.53 + 0.36 (%) was synthesized by using
radiation copolymerization technique at dose of 15 kGy of the mixture GMA: MMA:
acetone: bentonite with the corresponding weight ratio (%) of 22.22: 11.11: 33.33: 33.34.
The water swelling capacities of the synthesized composite materials were of 5.53 + 0.21
and 185 + 4.88 (%) corresponding to the samples before and after transforming ion-
exchange groups by 20% Na,SO; solution and 1M HCI solution. The results of the
investigation of the adsorption of Cr®* in water by using this bentonite composite polymer
material showed that it was of 1.80 mg/g in dynamic condition and 1.16 mg/g in static
condition. The synthesized bentonite composite polymer material in this research is more
superior features in comparison with the used commercial resin (Lewatit MonoPlus S108
and Lewatit MonoPlus M500) at Nuclear Research Institute.

Keywords: radiation, copolymerization, bentonite, composite, adsorption.

1. MO PAU

Nghién ctu giai phap xu ly thu gom céc chat thai phong xa dang 14 nhu cau hét sirc can
thiét, khi ma cac co sé bic xa nghién ciu va st dung ning luong hat nhan ngay cang phat
trién. Polyme-bentonite composite 12 loai vat liéu hn hop cao phan ta chira hop phan vo co
dugc tong hop bing phuong phap copolyme héa birc xa. San pham c6 tinh bén nhiét, bén bic
xa ca0, kha ning hap thu tét cac nguyén té bén va dic biét la cac ¢ong vi phong xa trong mai
truong nudc. DSi vai cac loai nhya trao doi ion hién dang sir dung c6 mot sé han ché 1a kém
bén nhiét va birc xa, nhanh 130 hoa, nhanh suy giam dung luong hap thu.

O Viét Nam, da c6 mot sd tac gia nghién ciru vé kha ning ung dung cia bentonite va
diatomite dé xir Iy chat thai phong xa long va rac thai sinh hoat va chan nudi [1,2]. Tran Thi
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Thu Phuong va cong su da nghién ctu kha ning tng dung cac khoang sét cua tinh Lam Ddong
(diatomite va bentonite) dé dinh huéng sir dung cho xt ly thai phong xa va cung cap co so
khoa hoc k§ thuat cho viéc lya chon vi tri chén thai phong xa [1]. Kiéu Quy Nam va cong su
da nghién cuu, s dung bentonite va diatomite trong xir ly rac thai sinh hoat va chan nuéi [2].

Trong bao cdo nay ching toi cong bdé mot sb két qua khao sat cac diéu kién tbi wu dé tong
hop vat liéu polymer-bentonite composite bing ki thuat copolyme héa bic xa va wng dung
hap phu thir nghiém Cr®* trong dung dich.

2. THUC NGHIEM
2.1. Xay dung dwdng chuan Cr®*

Pha dung dich chuan géc Cr®* 1mg/mL: can chinh xac 0,3735g K,CrO4 (P.A) cho vao
coc thuy tinh ¢6 dung tich 50mL, hoa tan bang nuéc cit cho dén khi tan hét. Chuyén toan bo
dung dich vao binh dinh mic 100mL va dung nuéc cat trang cdc 3 1an, chuyén nudc trang coe
vao binh dinh mirc. Sau d6, dinh mérc bang nudc cat dén vach, lic déu.

Tur dung dich chuan géc, tién hanh pha day dung dich Cr®* c¢é ndng do: 5; 10; 15; 20;
25; 30 mg/L. LAy binh ¢ ndng do Cr®* 16n nhat cé trong day dé xac dinh budc séng hip thu
cuc dai. Do mat do quang cua ddy dung dich Cr®* theo ndng do tai budc séng hip thu cuc dai.
Xay dung duong chuén biéu didn su phu thudc tuyén tinh gitra ndng do ion Cr®* vao mat do
quang (Abs).

2.2.Tong hep vit ligu va khio sat cac dic trung caa vat liéu composite
2.2.1. Khdo sat dnh hwong ciia liéu xa

Budc 1: Lady 8mL MMA (Methyl methacrylate) 99% va 8mL GMA (Glycidyl methacrylate)
97% cho vao céc thay tinh loai 250mL, khuay 15 phuat bang méay khudy co KIKA, téc do
khudy 80 vong/phit; sau d6 thém vao cé¢ 17mL acetone 99,7%, khudy thém 15 phut; cho tir
tir 15 gam bentonite vao cdc, vira cho vira khuay thém khoang 30 phut nita. Sau d6, cho mau
vao 5 6ng nghiém co6 danh sb thy tu tir 1 dén 5. Chiéu xa duoc thuc hién trén ngudn Co-60,
Véi céc lieu xa: 5, 10, 15, 20 va 25 kGy; suét liéu 2,5 kGy/h.

Budc 2: Sau khi chiéu xa, cat nho san pham tao thanh ¢& 1-2mm, ngam trong ethanol 70%
khoang 12 tiéng. Sau d6, lay mau ra, rira mau vai lan bang nudc cat.

Bugc 3: Pha dung dich Na;SO3 20% (= 1.5M), cho vao 5 éng thay tinh chiu nhiét chira 5 mau
twong ung voi 5 licu xa khac nhau ¢ trén, dun trén may dieu nhi¢t ¢ 80°C, trong 8 gio. Sau do,
gan bo dung dich trong 6ng nghiém, rira mau bang nudc cat vai lan.

Budc 4: Pha dung dich HCI 1M, cho vao 5 6ng nghiém trén véi thé tich gap doi thé tich mau.
Pun trén may diéu nhiét & 60°C trong 6-8 gio. Sau do, iy miu trong dng nghiém ra rira bing
nudce cét, sdy kho ¢ 80°C dén khdi lugng khong ddi. Can khéi lwgng composite khd va bao
quan trong binh hit 4m, dung dé thuc hién céc thi nghiém tiép theo.

Budc 5: Can 5 mau da say khd ¢ trén, mdi mau khoang 1 gam, cho vao 5 binh tam giac loai
250mL, sach, kho, c6 danh sb tha tu. Sau d6, cho vao mdi binh 100mL dung dich cr®* 15
mg/L, bit kin miéng binh, lac déu trong thoi gian mot phat; dé yén 24 gio. Sau d6 loc bo chat
ran, thu ldy dung dich, x4c dinh ndng do con lai caa Cr°*.

2.2.2. Khdo sat anh hwong cua ty ¢ bentonite



Budc 1: Cho vao 5 coc thuy tinh logi 250mL danh s6 tha tu tir 1 dén 5: 8mL MMA 99%,
8mL GMA 97%, khuay déu khoang 15 phit trén may khuay co KIKA cua Nhét véi toc d6 80
vong/phut. Sau d6 cho 17mL acetone 99,7% vao 5 coc trén, tiep tuc khuay thém 15 phut.

Buéc 2; Cho vao cdc theo thir tu tir 1 dén 5 cac khdi lwong bentonite Di Linh-Lam Dong da
tinh ché: 5; 10; 15; 20; 25 gam vei ty 1€ % tinh theo trong lugng (thay doi tir 14,29% déen
45,45%), tiep tuc khuay khoang 30 phut dé dugc dung dich dong nhat.

Buoc 3: Cho hén hop trén vao 5 ong thay tinh sach, kho c6 danh sé thir t, dem chiéu xa trén
ngudn gamma Co-60 ¢ liu xa tbi uu khao sat & muc 2.2.1. Sau khi chiéu xa, cac mau
composite dugc cat thanh nhitng miéng nho ¢& 1-2mm, ngam trong dung dich ethanol 70%
trong 12 gio.

Bueéc 4: Tién hanh sunfonic hoa twong ty nhu budce 3, budc 4 & myc 2.2.1

Buéc 5: Can 5 mau, mdi mau khoang 1 gam, cho vao 5 binh tam giac loai 250mL, sach, khé,
¢6 danh s thir ty. Sau do, cho vao mdi binh 100mL dung dich Cr®* 15 mg/L, bit kin miéng
binh, lic déu trong thoi gian mot phat; dé yén 24 gio. Sau d6 loc bo chit ran, thu lay dung
dich, xac dinh ndng d6 con lai cua Cr®”.

2.2.3. Khdo sat dnh huwong cia ty ¢ GMA

Tién hanh twong tu nhu myc 2.2.2, C(‘)» dir]h khéi lwong bentonite, liéu xa da dugc khao
sat ¢ trén. Cho thé tich GMA 97% thay doi lan luwot: 5; 8; 10; 12; 15mL. Thay d6i lwong
acetone 99,7% sao cho tong thé tich cata GMA va acetone la 25mL.

2.2.4. Khdo sat dnh huwong cia ty |¢ MMA

Tién hanh twong ty nhu myc 2.2.2, ¢d dinh cac théng sé t6i uu nhu: liu Xa, khi luong
bentonite, thQ tl'gh GMA va thé tich acetone da dugc khao sat ¢ trén. Cho thé tich MMA
99,7% thay doi lan luot: 2; 5; 8; 10; 12mL.

2.2.5. Khdo sat hiéu sudt chuyén hoa tgo thanh vt ligu composite

Sau khi khao sat va chon ra duoc céc ti 18 phdi tron va cac diéu kién dé tao vat liéu co
dung luong hap phu téi wu, chung t6i khao sat hiéu suat chuyén hda cua vat liéu tao thanh nhu
sau: Cho vao cbc thuy tinh ¢é dung tich 250mL véi cac ti 16 MMA; GMA,; acetone; bentonite
duoc khao sét & cac muyc trén. Sau do, cho hdn hop trong cdc vao dng nghiém sach, kho,
chiéu trén ngudn Co-60 vai liéu xa t6i vu duoc khao st & muc 2.2.1. Sau khi chiéu xa, lay
mau ra khoi 6ng nghiém, tién hanh cit nho mau c& 1-2mm va say kho.

Can 3 mau, mdi mau khoang 1g cho vao 3 binh tam giac 250mL sach, khd. Cac mau
composite khd dugc ngam trong ethanol trong 48 gid o nhiét do phong dé loai bo cac phan
hoa tan, chat khoi mao phan tng, cac monome khdng phan tng va phan tan [3]. Sau d6, cac
mau composite duoc lay ra va siy khd dén khéi lugng khong d6i dé xac dinh ham luong
khdng hoa tan [4].

Ham lugng composite dugc xac dinh theo céng thic sau [5, 6]:

W, 2% — % . 100 (2-1)
mO
Trong do: m¢ 1a khéi lugng cua composite khd sau khi ngdm trong ethanol.

mo la khéi lwong cua composite khd ban dau tuong &ng.
2.2.6. Khdo sdt dj trwong nwoc cua vat ligu composite

a). B¢ triwong cua vt liéu composite trueéc khi gan nhom chirc



Sau khi sdy khd, can 3 miu, méi mau khoang 1g cho vao 3 binh tam giac 250mL sach, khd,
¢6 danh sb thir tu. Ngam trong nudc cat 48 gio (lwong nudc cho vao 100mL) & nhiét dd phong
cho dén khi dat d6 truong nudc téi da. Sau do, loai bo nuée du thira va thim nuéce trén bé mat
ctia cAc mau composite bang gidy loc, can luong composite da hap thu nuéc; tinh két qua do
trrong nudc cua vat liéu theo cong thac (2-2).

b). B¢ trieong ciia vdt liéu composite sau khi gan nhém chirc

Mau sau khi chiéu xa, tién hanh chuyén héa nhém chirc nhu cac budc 3; 4 & muc 2.2.1. Sau
d6 can 3 mau, mdi mau khoang 1 gam cho vao 3 binh tam giac loai 250mL, sach, kho, cé
danh sé thir tw, ngdm trong 100mL nuéc cit 48 gio & nhiét do phong cho dén khi dat do
truong nudc tdi da. Sau do, loai bo nudc du thira va thim nudc trén bé mat cua cac mau
composite bang gidy loc, can lugng composite da hap thu nuéc, tinh két qua do truong nude
cua vat liéu theo cong thic (2-2).

Ty & truong nuée cua vat liéu composite duoc xac dinh bang phwong phap khéi luong. Cac
mau composite khd durgc ngdm trong nudce cat tinh khiét (y = 0,1uS/cm) ¢ nhiét d6 phong cho
dén khi dat do truong t6i da (thoi gian 48h). Sau khi loai bo nudc du thira trén bé mit cua cac
mau composite bang giy loc, ty Ié truong nd duoc tinh bai cong thuc sau [4]:

_W, W, (2-2)

Aw W,

Trong d6: Wi la khdi lwong ciia composite kho ban dau.
W, 14 khéi luong ciia composite sau khi truong nuée
2.2.7. Khdo sdt dé hdp dung cia vt ligu composite theo théi gian

L4y mau sau khi gan nhém chirc (ty & cac hop phan da dugc khao sét dugc cac diéu kién toi
uu). Sau d6, can khoang 1g mau khd cho vao binh tam giac 250mL, sach, khd; cho tiép vao
binh 100mL dung dich Cr® ¢ ndng d6 30 mg/L, bit kin miéng binh, lic déu trén méy lic SK-
300, toc do lic 100 vong/phit. Sau 2 gid tién hanh loc gan dé thu lay dung dich; do mat do
quang ctia dung dich theo thoi gian & budc soéng hap thu cuc dai, tuong tu d6i véi 4, 6, 8 va
10 gid. Luong Cr®* bi hip thu trong vat liéu composite dugc tinh dya theo phwong trinh
duong chuan (3-1) va cong thic (2-3).

Néng do Cr®" duoc xéc dinh bing phuong phap tric quang so mau trén may UV Mini-1240
cua hang Shimadzu, Nhat Ban ¢ budc song hap thu cuc dai, cuvet 1cm.

Do hap dung cua vat liéu duoc tinh theo cdng thic: g = (Co — Cy).V/m (2-3)

Trong d6: q 1a @6 hap dung cua vat liéu tai thoi diém t (mg/g); Co la ndng d6 Cr®* ban dau
trong dung dich (mg/L); C; 1a ndng do Cr®* & thoi diém khao sat (mg/L); V 14 thé tich dung
dich Cr®* dwoc sir dung trong qua trinh hap thu (Iit); m 1a khéi lugng vat liéu composite dugc
sir dung dé khao sat (g).

3. KET QUA VA THAO LUAN
3.1. Két qua xay dung dwong chuan
3.1.1 Khao sat budc séng hap thu cuc dai
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Hinh 3.1: Két qua khao sat budc séng hap thu cuc dai Apey ciia Cr®*

Két qua nhan duoc ¢ Hinh 3.1 cho thiy budc soéng hap thu cuc dai (Amay) cua Cré* &
350nm.

3.1.2. Xay dung duong chuan dung dich Cr®*
Bang 3.1: Két qua do mat d6 quang cua dung dich Cr®*

Ce**(mglL) 5 10 15 20 25 30
Abs. 0,177 | 0,338 | 0503 | 0652 | 0,812 | 0,960

¥ = 0.0313x+ 0.0251

Pudng chuin Cré+
R*= 0.9997
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Hinh 3.2: Buong chuén Cr®*
Phuong trinh dwdng chuan Cr®*: A = 0.0313*C + 0.0251; C (mg/L) (3-1)
3.2. Két qua khao sat vat ligu
3.2.1. Khdo st liéu dnh hweng cia liéu xa

Khao st anh huong cua lidu xa 1én dung lugng hip phu Cr®* duoc thé hién trong Hinh 3.3.
Két qua cho thay liéu xa téi wu dé ché tao vat liéu polyme-bentonite composite 12 15kGy.
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Hinh 3.3: Khao sat hap dung Cr®" cua vat liéu theo liéu xa
3.2.2. Khdo sat ty 1¢ bentonite
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Hinh 3.4: Tuong quan giita dung luong hap phu Cr®* va ti 1é phdi tron bentonite

Tir dd thi ¢ Hinh 3.4 cho thy, khdi lugng bentonite dua vao dé tao vat li¢u khoang 159 cho
ket qua hap thu tot nhat.

3.2.3. Khdo st ty I¢ GMA

q (mg/g)
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Hinh 3.5: Tuong quan giita dung lwong hap phu Cr* va ti 1& phdi tron GMA

Két qua & Hinh 3.5 da chi ra rang dung lwong hap phu ting nhanh khi thé tich GMA cho vao
tir SmL dén 10mL, trén 10mL thi dung luong hap thu ting rat cham va tuong ddi 6n dinh.
Chinh vi vay, ching tdi chon thé tich GMA cho vao dé tao vat liéu 1a 10mL va thé tich
acetone cho vao dé tao vat liéu 1a 15mL.

3.2.4. Khdo sat ty ¢ MMA
q (mg/g)
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Hinh 3.6: Tuong quan giira dung luong hap phu Cr®* va ti 1¢ phdi tron MMA

Dung luong hip phu Cr®* tang nhanh khi thé tich MMA cho vao tir 2mL dén 5mL, trén 5mL
dung luong hip phu Cr®* giam dan theo chiéu tang thé tich MMA. Diu nay néi Ién ring thé
tich MMA cho vao dé tao san pham cang Ién 1am cho do trwong nudc cua san pham cang
giam, dan dén dung luong hap phu giam dan. Do do, chiing t6i chon thé tich MMA cho vao
dé tao vat liéu 12 5mL.



Nhu vay, dé tao vat liéu polyme-bentonite composite, bentonite Di Linh c6 kha nang
hap phu tét nhat ion Cr®* trong nudéc, ty 16 phdi tron va lidu xa duoc lya chon nhu sau: (Bang
3.2)

Bang 3.2: Ti I¢ cac hop phan tao thanh vat liéu composite

lwgng ligu composite Tong cong
GMA 97% 10 mL ~22,22
MMA 99% 5mL ~11,11
~ 45 gam
ACETONE 99,7% 15 mL ~33,33
BENTONITE 15 gam ~33,34
LIEU XA 15 kGy
NGAM TRONG HCI 1M Pun néng & nhiét d6 60°C

3.2.5.

Khdo sat hi¢u sudt chuyén hoa cia vt ligu tgo thanh

Hiéu suat tong hop vat liéu polyme-bentonite composite duoc trinh bay trong Bang 3.3.

Bang 3.3: Hiéu suét tong hop vat liéu composite

Binh Khoi lugng trudc Khéi lwrgng sau Hiu suat tao composite
khi ngadm con (g) khi ngédm con (g) (%)
1 1,0022 0,8688 86,69
2 1,0102 0,8699 86,11
3 1,0112 0,8775 86,78
Gi tri trung binh 86,53 + 0,36

3.2.6. Khdo sat dg triweong ciia vt liéu composite trieéc va sau khi gan nhom chac

Bang 3.4: Do truong nudce trudc khi gdn nhém chirc

Binh Khoi lwgng truéc Khi Khoi lwgng sau khi ngam Do Truwong
ngam (g) (9) (%)
1 1,0122 1,0662 53
2 1,0012 1,0568 5,6
3 1,0103 1,0682 5,7
Gia tri trung binh 55%0,2
Bang 3.5: P trrong nudc sau khi gan nhém chirc
Binh | Khéi lrong truéc khi ngdm | Khoi lwgng sau khi ngam Do trwong
9 @ (%)
1 1,0201 2,8512 179,5
2 1,0124 2,9251 188,9
3 1,0131 2,9024 186,5
Gi tri trung binh 185,00 + 4,88

Két qua khao sat nhan duoc ¢ Bang 3.4 va 3.5 cho thiy do truong nudc cua vat liéu
composite trudc va sau khi gin nhém chic c6 su chénh léch dang ké, diéu d6 noi 1én rang, vat
lieu sau khi gan nhdm chire ¢6 tinh wa nudc hon vt liéu chua gan nhém chic. Trén co s két
qua nhan dugc c6 thé khang dinh rang nhém —SO3H da duoc gan vao vat liéu composite.
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3.2.7. Khdo sdt dg hdp dung cia vt liéu composite
Bang 3.6: Két qua khao sat &6 hap dung cua vat ligu composite

Khoi lweng miu khé (g) 1,0203
Mat dé quan Sau2h | Sau4h | Sau6h | Sau8h | Sau 10h
At do quang 0538 | 0482 | 0415 | 0389 | 0.389
Nong dd Cr® con lai trong dung
dich (mg/L) 16,4 14,6 12,5 11,6 11,6
Lugng Cr" b hap thu (mg/g) 1,33 1,51 1,72 1,80 1,80

Nong d6 Cr®* ban dau trong dung dich: 30 mg/L
Mat d6 quang: 0,960

q (mg/g)

2
1.8
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Hinh 3.7: Hap dung cua vat liéu composite

S6 liéu nhan dwoc & Bang 3.6 va Hinh 3.7 cho thiy, dung luong hap phu Cr®" ciia vat
liu composite tang nhanh tir Ilc bat dau den 6 gio, tr 6 gio tro di dung lwong hap phu tang
cham va tuwong doi on dinh.

KET LUAN

+ Pa xac dinh duoc ti 1& (%) cia GMA: MMA: acetone: bentonite d¢ tong hop vat ligu
polyme-bentonite composite la: 22,22 : 11,11 : 33,33 : 33,34 (%) va liéu hap thy t6i vu la
15kGy. Hiéu suat chuyén héa thanh vat liéu composite dat 86,53+0,36 %.

+ D§ truong nuoc (qw) cua vat licu truse khi chuyén héa nhém chirc dat 5,50+0,20 % va sau
khi chuyén héa nhom chirc dat 185,00+4,88 %.

+ Dung lugng hip phu Cr®" cua vat licu composite dat 1,80 mg/g, cao hon so vai nhya trao
doi ion hién dang su dung (1,20 mg/g).

Can tiép tuc nghién cuu tng dung vat liéu polyme-bentonite composite stir dung bentonite Di
Linh d@é xu ly thai phong xa.
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