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Tém tit:

Trong nghién ciru nay, ky thuét chiéu xa dwoc sir dung dé ché tao vt liéu hydrogel copolyme AAc-g-PVP véi cac ty I¢ axit acrylic
(AAc) va polyvinyl pyrrolidone (PVP) khac nhau. Két qua nghién ciru cho thay, vét liéu hydrogel copolyme v6i thanh phin AAc/
PVP=3:1 (w/w) cho ham lwgng gel tao thanh cao nhit (94,88%) va d truwong nwéc 4 g/g khi chiéu xa véi liéu xa 20 kGy. Kha niing
hip phu cic ion kim loai Pb%, Cu?*, Mn?* va Cd* ciia copolyme ciing di dwoc khao sat. Két qua cho thiy, sw hap phu cac ion
kim loai ciia vit liéu copolyme phit hop véi mé hinh hap phu diang nhiét Langmuir véi hé s twong quan cao (R>>0,99). Dung
lirong hip phu cue dai (q,,,) cia vt liéu copolyme | ddi véi Pb**, Cu?*, Mn?* va Cd* lan lwgt 13 222, 244, 167 va 170 mg/g. Vit liéu
hydrogel copolymer AAc- g-PVP ché tao dwoc c6 tiém nang wng dung daé hap phu xit ly ion kim loai ndng trong nwéc.

Tir khéa: AAc-g-PVP, copolyme, ghép birc xa.
Chi s6 phin logi: 2.4

Mot trong nhiing nhu cau thiét yéu cho sy song con cua con
nguoi 1a nude. Chat lugng nguon nude la vo cung quan trong doi
v6i stee khoe va su phat trién ciia con ngudi. Cac hop chat dong,
cadmium, chi va cac ion kim loai nang thudc loai doc t6 tich liy
sinh hoc bén [1], dugc duy tri trong moi tnrong o dang cac hop
chat hitu co, v6 co, ion déu 1a cic doc to nguy hiém. Lam sach
nguon nudc bang cach tich cac ion kim loai ning theo phuong
phép hap phy 1a phuong phap don gian, hiéu qua cao so véi cac
phuong phép thong dung nhu két tua hoa hoc, loc co hoc, trao ddi
ion, dién phan va tham thdu ngugc. Phuong phap hap phu c6 nhiéu
uu diém nhu chi phi thép, dé van hanh, img dung duoc cho nhiéu
nguon nuée 6 nhidm. Van de cai tién chat luong vat lleu hép phy
1 ¢bt 161, co tinh chat quyét dinh dén chét lugng nguon nudc va
gié thanh.

Nhiing ndm g?m day, cac loai vat li¢u hép phu ban cht polyme
chirc ndng nhu: polyme y sinh, polyme phan hily sinh hoc, polyme
bén nhiét, polyme ap dién, polyme hap phu dang duoc tap trung
nghién ctru. Pinh hudng ché tao va tmg dung vét liéu copolyme
bang ky thuat bic xa trong xir Iy nudc thai chira kim loai ning
dang rat dugc quan tim vi hiéu qua va sy than thién moi truong.
Phuong phép diéu ché copolyme bang ky thuat chiéu xa dugc cho
1 hidu qua nhat do ¢ tinh uu viét sau: toc do phan ung nhanh, c6
thé kiém sodt toc do phdn ung, va dac bi¢t 1a khong can st dung
chit xtic tic nén san pham thu dugc co do sach cao [2-4]. Trong
cong trinh nay, cac tac gia trinh bay két qua nghién ctru vé kha ning
hép phu céc ion kim loai va kha ning khang khuan cua vét liéu
copolyme chira nano bac diéu ché bang k¥ thuét chiéu xa gamma
Co-60 tir AAc va PVP.
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V4t liéu va phuong phap nghién ciiu
Nguyén vit ligu va héa chit

PVP khéi luong phan tir trung binh ~360.000 g/mol (Sigma,
My¥); AAc d9 tinh khiét 99,9% (Merck, Btic). Cac hoa chét tinh
khiét ding cho phan tich st dung truc tiép khong tinh ché lai:
CuCl,, MnCl,, PbCl,, CdCl,, HNO,, NaOH.

Diéu ché copolyme AAc-g-PVP bang ky thudt ghép birc xa

Copolyme AAc-g-PVP dugc téng hop bang phan tng tring
hop gde tu do dudi tac dung ciia birc xa gamma Co-60: hoa tan 10
g PVP trong 90 ml nu6c cat, khudy déu bang may khudy co véi
toc do 250 vong/phut. Dung dich dugc khudy lién tuc trong 5 gio
roi 1am ngudi dén nhiét do phong. Sau do thém tir tir mot luong
AAc vio dé dat céc ty 16 AAC:PVP (wiw) 1a 0:1, 1:1, 2:1 va 3:1.
Khudy Qéu bing méy khqu co véi tde do 500 vong/phut trong 60
phut. Hon hop sau khi khudy dugce chia nho vao céc tai PE, sau do
chiéu xa trén thiét bj chiéu xa gamma chamber 5000 ¢ khoang lidu
xa 0-25 kGy. Mau sau khi chiéu xa dugc sdy kho ¢ 40°C dén khdi
luong khong doi [5, 6].

Khao sat anh hwéng ciia liéu chiéu xa dén ham luwgng gel tao
thanh ciia copolyme AAc-g-PVP

Céc mﬁu’copolyme kho duge ngém trong nude cét trong 12
g0 6 80°C, lay ra va rira bang nude nong dé loai bo phan hoa tan,
sau do say kho dén khoi lugng khong doi ¢ nhiét do 40°C [7]. Ham
luong gel tao thanh dugc tinh theo cong thirc sau:

Gel (%):ﬂxloo ()

trong d6: W, va W 1an luot 14 khoi Iwgng méau kho sau va trude
khi chiét.



s Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc

Research on synthesis and evaluation
of heavy metal ions adsorption
capacity of radiation crosslinked graft
copolymer hydrogel

Trong Hoanh Phong Nguyen’, Hong Hoang Nguyen,
Ha Tuyet Hanh Vo, Van Toan Le, Xuan Cuong Le,
Bao Ngoc Pham, Thanh Binh Nguyen

Dalat Nuclear Research Institute, Vinatom

Received 11 June 2021; accepted 26 July 2021
Abstract:

In this study, irradiation technique was used to produce
copolymer AAc-g-PVP with different ratios of acrylic
acid (AAc) and polyvinyl pyrrolidone (PVP). The results
showed that copolymer hydrogel with AAc/PVP ratio 3:1
(w/w) had the highest gel content (94.88%) and water
swelling degree was found to be 4 g/g at an adsorbed
dose of 20 kGy. The ability to adsorb Pb**, Cu**, Mn*,
and Cd** ions of copolymer have been carried out. Results
on adsorption isotherm models show that the adsorption
of ions of the copolymer is consistent with the Langmuir
adsorption model with a high correlation coefficient
(R*>>0.99). The maximum adsorption capacities are
244, 222, 167, and 170 mg/g for Pb*", Cu**, Mn?', and
Cd*, respectively. The AAc-g-PVP copolymer hydrogel
material has potential applications for adsorbing heavy
metal ions in water.

Keywords: AAc-g-PVP, copolymer, radiation crosslinked.
Classification number: 2.4

Khio sdt anh hwdéng ciia liéu xg dén dp trwong nwéc ciia
copolyme theo thoi gian

Do truong nude bio hoa (TNBH) duge x4c dinh bang phuong
phdp Tea Bag [7]: can 1 lugng copolyme da tinh sach M, cho vao
thi vai khong thim nude co khéi lugng 1 M, ngam truong trong
nude 24 gio. Sau do dé rao nude hodc thim nuoc bang gidy thdm
cho tdi khi khong con thay nude nho giot va can khdi luong (M,).
Thi nghiém lap lai 3 1an, lay két qua trung binh. D6 TNBH cua vat
li¢u dugc tinh theo cong thirc:

TNBH(%) = 22=x100

)

Khio sdt khd ning hip phu ion kim logi ciia copolyme 6 cc
liéu chieu xa khac nhau

Can 0,1 g copolyme rdi cho vao binh tam gidc 250 ml chita
100 ml dung dich ion Cu** ndng d6 300 mg/l, khudy véi toe do
250 vong/phut, thoi gian khudy 150 phit. Dung dich sau khi
khuéy duoc loc va xac dinh néng dd Cu?* con lai trong dung dich
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bing phuong phap AAS trén may quang pho hip thy nguyén tir
Shimadzu A4-6800 (Nhat Ban). Tién hanh thi nghi¢m tuong tu véi
cac ion Pb*, Mn?", Cd*'.

Hiéu suit hip phy duoc tinh theo cong thirc:

HY% = Lo=C) 100
Co

@)

trong do: C, 1a nong do ion kim loai ban dau trong dung dich
(mg/l), C, la ndng do ion kim loai con lai trong dung dich (mg/l).

Dung lugng hép phu dugc tinh theo cong thirc:
(Co—Ce)V
e = We “4)
trong do: g, 1a lugng ion kim loai bi hép phu (mg/g); C la ndng do
ion kim loai ban dau trong dung dich (mg/l); C,la nong do ion kim
loai con lai trong dung dich (mg/l), W 13 khoi lwgng chat hap phu
da dung (g); V la thé tich dung dich (1).

Khdo sdt anh hwong ciia thoi gian va pH dén kha ning hip
Pphu cdc ion kim logi ctia copolyme

Can 0,1 g copolyme AAc-g-PVP rdi cho vao binh tam giac 250
ml chtra 100 ml dung dich ion Cu? ndng d6 300 mg/l, khudy 6 tc
d6 250 vong/phut, thi nghiém véi thoi gian khudy khac nhau 30,
60, 90, 120, 150, 180 va 240 phut. Dung dich sau khi khuéy duoc
loc va xéc dinh ndng d6 Cu®* con lai trong dung dich bing phuong
phap AAS. Tién hanh thi nghiém twong tu véi cac ion Pb**, Mn%,
Cd>.

Can 0,1 g copolyme kho vao binh tam giac co chira 100 ml
dung dich Cu? nong d6 300 mg/l. Khudy trén méay khudy tir v6i
tdc d6 250 vong/phit, chinh pH dung dich ndm trong khoang 2-6,
tiép tuc khudy trong trong 180 phut. Dung dich sau d6 duoc loc
tach hydrogel copolyme va xac dinh nong d6 Cu®* con lai trong
dung dich bang phuong phap AAS. Tién hanh thi nghiém twong tu
v6i cac ion Pb*, Mn*, Cd*. Céc dung dich HNO, 0,1 va 0,01 M;
NaOH 0,1 va 0,01 M duoc ding dé hiéu chinh pH.

Nghién ciru mé hinh d‘dng nhiét hdp phu giita copolyme voi
cdc ion kim logi ndng

Dé hiéu rd sy twong tac giira vat lidu hap phu va chat bi hip
phy, m6 hinh dng nhiét Langmuir [8, 9] duoc sir dung nhdm lam
rd hon céc thong tin cta qua trinh hap phy giita copolyme voi céc
ion kim loai Pb*", Cu?*, Mn*" va Cd*".

Xir I 56 liéu thwe nghiém
Két qua danh gia va xt 1y s6 lidu bang phan mém SPSS 16.0.

Sir dung phén tich phuong sai mot yéu t6 voi mie tin cdy 13 95%
(p<0,05).

Két qua va ban luan
Anh hwing ciia liéu xq t6i ham lwgng gel tao thanh

Anh hudng cua lieu hép thu birc xa dén ham lugng gel tao
thanh véi cdc ty 1¢ AAc:PVP khéc nhau dugc trinh bay ¢ hinh 1.
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Hinh 1. Anh hwéng cua liéu xa t&i ham lwong gel tao thanh.

Két qua cho théy, liéu xa ¢6 anh hudng rat 16n dén ham luong
gel tao thanh. Ham luong gel tao thanh ting theo lidu xa trong
khoang 5-20 kGy va ham lugng AAc su dung. Tuy nhién, khi &
khoang lidu xa trén 20 kGy mtrc d6 hinh thanh gel co xu hudng
bdo hoa, tham chi co truong hop suy giam. Nguyén nhan ¢6 thé
dugce Iy gidi 1a khi ¢ khoang liéu xa 5-20 kGy qua trinh khau mach
birc xa dién ra va ham luong gel tao thanh bat dau tang, nhung
& khoang liéu xa trén 20 kGy qué trinh khau mach birc xa va cat
mach birc xa copolyme xay ra dong thoi véi mire do khdc nhau,
dan dén ham luong gel tao thanh bi han ché va c6 thé suy giam.
Cu thé, trong khoang liéu xa tir 5-20 kGy ham lugng gel tao thanh
tang dan, dat 94,88% tai liéu xa 20 kGy ddi véi miu copolyme c¢6
ty 18 AAc:PVP 13 3:1 (w/w) va khi tang lidu xa 1én 25 kGy ham
luong gel tao thanh suy giam, chi dat 93,75%. Diéu nay ciing phu
hop véi nghién ctru ciia Dafader va cs (2012) [10].

Anh hudng ciia liéu xq t6i dp trwong nwdc cia copolyme

Anh huong cula litu xa dén do truong nudc cua vat ligu
copolyme ty 1¢ AAc:PVP 3:1 (w/w) theo thoi gian dugc trinh bay
0 hinh 2.
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Hinh 2. Anh hwéng cla liéu xa dén dd trwong nwéc cha
copolyme theo th&i gian.

Két qua hinh 2 cho thiy, d6 TNBH ciia vt liéu copolyme gidm
khi lidu xa ting, ting theo thoi gian truong va dat trang thai bio
hoa sau 15 gio. Cu thé, d0 TNBH ctia vét liéu copolyme chiéu xa
5,10, 15,20 va 25 kGy sau 15 gio lan luot 13 22, 11,9, 4 va 3 g/g.
biéu nay cho th?iy, khi chiéu xa & lidu xa cao mirc d6 khau mach
cang 16n va 1am han ché kha ning truong nudc ciia vat liéu.
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Hiéu sudt hip phu ion kim logi ciia copolyme & cic liéu xq
khdc nhau
_ Higu sudt hap phu cac ion kim loai Pb**, Cu*, Mn* va Cd**
nong d6 300 ppm ctia copolyme chiéu xa véi cdc lieu xa khac nhau
trong 150 phut duoc trinh bay ¢ hinh 3.
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Hinh 3. Hiéu suét hap phu ion kim loai ctia copolyme.

Két qua hinh 3 cho thay, khi liéu xa tang tir 5 1én 20 kGy thi
hiéu suét hip phu cac ion kim loai ctia vét liéu copolyme tang. Két
qua nghién ctru cling cho thay, copolyme chiéu xa 6 liéu xa 20 kGy
c6 hidu sudt hap phu cao nhét doi véi cac ion kim loai Pb*, Cu®,
Mn?* va Cd>* lan luot 1a 48,16, 59,50, 37,05 va 33,59%. Mit khac,
copolyme chiéu xa & liéu xa 25 kGy cho hiéu sudt hip phu thap
hon. Nguyén nhan c6 thé 1a & lidu xa cao hon 20 kGy mat do khau
mach cao, d6 trurong nude giam 1am han ché sy hip phu céc ion
kim loai cua vat liéu.

Anh hwdng ciia thoi gian tiép xiic dén kha ndng hd'p phu
ciia vit liéu

Anh hudng cia thoi gian tiép xtc dén kha ning hap phu cic
ion kim loai Pb¥, Cu?, Mn* va Cd** ndng d6 300 ppm cua vat
liéu copolyme ty 18 AAc:PVP 3:1 (w/w), lidu xa 20 kGy dugc trinh
bay ¢ hinh 4.
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Hinh 4. Anh hwéng cua thoi gian tiép xtc dén kha nang hap
phu cua vat liéu.

Két qua hinh 4 cho théy, hiéu suét hép phu cua vat liéu
copolyme tang theo thoi gian tiép xtc va dat trang thai bao hoa ¢
180 phut, sau khoang thoi gian nay hi¢u suit hap phu cua vét liéu
6 tang nhung khong dang ké. Cu thé, hiéu suat hap phu céc ion
kim loai sau 180 phtt clia copolyme tuong itng véi cac ion kim loai
Pb2, Cu?*, Mn?* va Cd* lan luot 1a 48,96, 59,78, 37,32 va 34,11%.
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Anh hwong ciia pH dén kha ndng hd'p phu ciia vit liéu

Anh huong cua pH dén kha nang hép phu cua vat liéu copolyme
ty 1¢ AAc:PVP 3:1 (w/w), liu xa 20 kGy, thoi gian hap phu 180
phut trong khoang pH 2-6 dugc trinh bay ¢ hinh 5.
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Hinh 5. Anh hwéng ciia pH dén kha nang héap phu cua vat liéu.

Két qua hinh 5 cho thay, hiéu sudt hap phy cac ion kim loai
cua vat liéu tang khi pH tang trong khoang 2-5. Khi tang pH 1én
6 thi hiéu sut hap phu cia hau hét copolyme ¢6 xu huéng giam
nhe. Nguyén nhan ¢6 thé 1a, khi pH thap thi ion H* trén bé mat
chat hap phu gia tang, diéu nay gdy nén tuong tac tinh dién manh
gitta bé mit chit hap phu tich dién duong lam can trd sy twong tic
tinh dién gitra cac nhém chue trong phan tr copolyme vdi cac ion
kim loai Pb*, Cu*", Cd** va Mn*". Ngugc lai, khi pH>6 thi c6 sy
canh tranh hap phu giira ion OH- dién ra & bé mit chit hip phu va
trong dung moi, 1am giam kha ning hap phu ciia copolyme. Nhu
vay, pH~5 1a thich hop cho qua trinh hép phu cac ion kim loai ctia
vat li¢u copolyme.

Mé hinh dang nhi¢t Langmuir

Trén co 50 cac diéu kién: ty 16 AAc: PVP, liu xa, thoi gian hap
phu va pH t0i wu di xac dinh duoc, tién hanh khao sat qua trinh
hap phu cdc ion kim loai Pb*, Cu®’,Mn*" va Cd** véi ndng d¢ ban

dau khac nhau Ién copolyme. Dang tuyenw tinh cua phuong trinh
Langmuir doi vdi cac ion kim loai duoc bi€u dién ¢ hinh 6.
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Hinh 6. Dang tuyén tinh cua phwong trinh Langmuir déi vé&i
cac ion kim loai.
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Tir cac két qua khao sat ¢ phuong trinh dﬁng nhiét Langmuir,
xdy dung duoc db thi quan hé giita (C/q) va nong do dau C, (hinh
6), dong thoi tir cac phuong trinh tuyén tinh, xac dinh duoc héap
dung cyc daiq_ ctia copolyme d6i vai cac ion Pb*, Cu?, Mn* va
Cd* 1an luot i 222 244, 167 va 170 mg/g. Vi gia tri hé s6 tuong
quan cao (R*0,99) cho thiy sy hap phu cac ion kim loai ciia vét
liéu copolyme phut hop v6i md hinh hap phu déng nhiét Langmuir.

Sir dung k¥ thuat ghép birc xa va khau mach dong thoi AAc
1én phan tir PVP dugc thuc hién trong khoang lidu xa 5-25 kGy.
Ham lugng gel tao thanh phu thude vao liéu xa va dat 94,88% tai
liéu xa 20 kGy. D9 trrong nu6ce bao hoa cua vat licu copolyme ~4
g H,0/g copolyme. Sy hép phu céc ion cua vét liéu copolyme phu
hop v6i mo hinh hap phu ding nhiét Langmuir v6i hé sb tuong
quan cao (R%>0,99). Két qua nghién ctru ciing xéc dinh duoc dung
luong hap phu cuc dai q,,, cua vat li¢u copolyme dbi véi Pb>,
Cu®, Mn?" va Cd* lan hro“t Ta 222,244,167 va 170 mg/g. Ché tao
vit lidu copolyme AAc-g-PVP bang ky thuat chiéu xa sir dung dé
hép phu ion kim loai ning trong nudc ¢6 tinh kha thi img dung cao.
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