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Tom tit:

Polystyrene thai tir coc, dia nhua dung mt lan dugc hoa tan trong dung moi cyclohecxane (C,H,,) va bién tinh boi
axit sulfuric (H,SO,) nong do 98% daé tao ra vat liéu trao dbi cation ung dung cho muc tiéu loai bo Cr** trong nuéc.
Pho hong ngoai FTIR cho thay ¢6 xuit hién nhom sulfonic & vit li¢u sau bién tinh. Két qua nghién ciru ciing chi ra
tong dung lugng trao dbi ion ciia vit liéu phu thudc vao cac diéu kién ctia phwong phap bién tinh (nhiét d§, thoi gian
bién tinh...). Tong dung lwgng trao doi ion ciia vat li¢u dwge diéu ché trong diéu kién téi wu theo phwong phap nay
12 40,85 mg/g dbi véi crom. Vat liéu nhya thai polystyrene bién tinh di dwoc chirng minh ¢6 cac tinh chét ciia nhya
trao ddi ion, ciing nhw ¢6 tiém ning dé loai bé Cr®* trong nuwéc.

Tir khéa: crom, nhwa polystyrene thai, phan img dong thé, sulfo héa, trao doi ion.

Chi sé phén logi: 2.7

Md dau

Qué trinh d6 thi hoa nhanh chéng va su phat trién kinh té kéo
theo nhu cau tiéu thy, sir dung hang hoa tién loi ngay cang gia ting.
Cac san phém bao bi, dd dung mot 1an nhu cdc, bat, dia, thia, dia,
hop... duge wa chudng do tinh tién ich va tiét kiém thoi gian, dan
dén luong réc thai nhya tang 1én véi toe do chong mat qua timg
nam, vuot xa hau hét cac loai vat liéu nhan tao khac [1]. Qua trinh
ndy dan dén tinh trang ty 16 nhya trong chat thai rin do thi (tinh
theo theo khdi lugng) tang tir dudi 1% nam 1960 1én hon 10% vao
nam 2005 ¢ cac nude co thu nhap trung binh va cao [2], va ty 1¢
nay gia tang déu dan trong sudt 5 thap ky qua [3]. Tuy nhién, rat
it trong s6 d6 duoc thu gom, xtr ly, tai ché mot cach hop 1y, giy
anh huong 16n t6i moi truong va sire khoe con nguoi. Thanh phan
chinh cua nhitng san phim nhya dyng thyc pham dung mot 1an la
polystyrene [4]. Khi tai st dung ¢ nhiét dg cao, styrene duoc giai
phong; monomer nay ¢6 kha ning di chuyén vao thirc an, 1a mot
chat doc than kinh, c thé gdy ung thw, pha hily DNA... [4, 5]. Do
d6, dé an toan cho ngudi sir dung va giam bét chi phi cho qué trinh
thu gom tai ché, mg dung nhya thai chira polystyrene vao xir ly
mdi truong la mot van @& rat can thiét.

Céc hop chat chira crom hién nay dang duge st dung rong rai
trong cong nghiép, didu d6 dan dén sy ton tai voi ham lugng cao
cia chat nay trong nudc thi, phd bién nhét la dang hoa tri 11T va
VI. Crom chu yéu dugc su dung trong 16p phu nhya, ngan chin
qué trinh an mon thép trong diéu kién am udt, sir dung trong cong
nghiép thudc da, trong bt mau va thude nhudm, chong sau, nim
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va vi khuan khi bao quan gd [6]. Su tich tu va phan tan cta crém
thong qua chudi thirc an c6 nguy co cao gy anh hudng dén sirc
khoe con nguoi [7], do d6 nghién ciru vé chiét tach, loai bo ion
crom tir nguon nudc bi 6 nhiém 1a mot vén dé quan trong trong
bdo v¢ strc khoe cong dong va nhan dugc sy quan tam dac biét cua
cac nha moi truong.

Ngiy nay, nhiéu phwong phdp da dugc ap dung dé loai bo
crom khoi nudc thai nhu: chuyen héa, két tua, loc mang, thim
thau ngugc...; trong do trao doi ion duge dé cap nhu mot cach
hiéu qua dé loai bo crom khoi nudc thai [8]. Phuong phap trao doi
ion con thé hién dugc vu diém khi c6 thé két hop qua trinh tai sinh
vét liéu trao ddi, do d6 giam duoc cac vin dé vé bun thai (khi xir
Iy bang phuong phap két tua) va tiét kiém chi phi hon (so vdi cac
phuong phap st dung mang) [9]. Nghién ctiru nay tap trung vao
bién tinh nhua thai chira polystyrene (PSW) thanh nhua trao doi
cation (PSW-S) dé loai bo crom khoi nude thai.

Ddi tugng va phuony phap nghién ciiu
Doi twgng nghién ciru

Nhua thai chira polystyrene, sau day duoc goi tat 1a nhya thai
polystyrene (PSW) la thia, dia, cdc nhua loai ding mot 1an da qua
str dung dugc thu gom tir cdc nha hang hodc cac quan café. Nhua
thai polystyrene sau khi thu gom dugc rira sach hoan toan dau mé
va thirc an bam dinh bang nudc may va nude cét.

Dung dich Cr** nong dg 100 mg/l dugc chuan bi trong phong
thi nghiém dé mo phong méau nudc thai chira crom trong thuc té.
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Abstract:

Polystyrene waste from disposable cups and plates was
dissolvedin cyclohexane and denatured by sulfuric acid to
synthesise cation exchange materials which were applied
to remove Cr3* in water. In this study, cyclohexane was
used at 60°C to prevent phase separation. The spectrum
of the modified materials was calculated by the FTIR
technique, and the existence of the additional sulfonic
groups in the structure of plastic waste after sulfonation
was proved. The results showed that total ion exchange
capacity of the modified material was affected by the
experimental conditions (temperature, modification
time, etc). Total ion exchange capacity of materials
synthesised by this method in the optimal conditions
was 40.85 mg/g for chromium. Polystyrene waste after
modification process had characteristics of ion exchange
materials and showed the potential to remove Cr*" in
water.

Keywords: chromium, homogeneous reaction, ion
exchange, polystyrene waste, resin, sulfonation.

Classification number: 2.7

Phuwong phdp nghién ciru

Phuong phdp bién tinh: nhua thai dwgc cat thanh cac miéng
nho kich thude 0,2 cm? Mot lugng nhua thai duoc lic lién tuc
voi cac thé tich dung méi cyclohexane khac nhau, ¢ toe do 200
vong/phut trong khoang thoi gian t6i wu [10, 11]. Sau d6, 10 ml
axit sulfuric nong 98% duoc thém vao mdi binh, phan tmg sulfo
héa & dang dung dich dong nhat duogc thyc hién ¢ cling toc d¢ lac.
Sau khi phan g két thiic, phan san pham nhya bién tinh PSW-S
khong tan dugc loc va rua béng nude ct mudi 1an dé loai bo hét
axit du. Nhya da bién tinh dwoc trung hoa bing cich ngdm nhua
vao dung dich NaCl 0,1M, sau d6 sdy kho [12]. Céc diéu kién thi
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nghiém t0i wu cho qua trinh bién tinh di dugc nghién ctru béng
cach thay d6i thoi gian ldc, nhiét do duy tri trong budc hoa tan va
thoi gian phan tmg trong budc sulfo hoa. Hiu qua va chat luong
cua san pham nhya trao dbi cation tir polystyrene thai da bién tinh
duogc danh gia bang tong dung luong trao doi, duoc tinh todn tir két
qué thi nghiém c6t, v6i cac cot c6 duong kinh 8 mm, toe do dong
vao cot 1a 2 ml/phut.

Vit liu trao doi cation hiéu qua tot nhat tir polystyrene thai da
duoc tao ra voi bo diéu kién thi nghiém tdi wu theo phuong phap
bién tinh nay, la két qua cua cac thi nghiém trén. Thi nghiém cot
trao doi ion duoc thyc hién véi cot c6 duong kinh trong 8 mm,
nude thai tong hop ¢6 ndng do 100 mg/l Cr**, luu lugng dong vao
2 ml/phut, chiéu cao vét liéu 10 cm; mau duge léy theo cac mdc
thoi gian.

Phuwrong phap phan tich: trong nghién ctru ndy, cac nhom chirc
ciia nhya thai polystyrene ban ddu va sau bién tinh duoc x4c dinh
bing quang pho FTIR trén may SHIMADZU FTIR Model Affinity
- 1S (Nhat Ban) tai Khoa Hoa hoc, Truong Pai hoc Khoa hoc Ty
nhién, Pai hoc Qudc gia Ha Noi. Nong do Cr** duoc phan tich bang
méy quang phd Plasma (ICP - OES) tai Trung tam Phén tich thyc
nghiém dia cht, Tong cuc Dia chat va Khoang san Viét Nam. Céc
héa chit sir dung bao gom NaCl do tinh khiét 99%, CrCl,.6H,0
do tinh khiét 99% va dung moi hitu co cyclohexan (CH,,) do t1nh
khiét 99,5%, tir nha san xudt Merck. Tét ca cac dung d1ch khi pha
ddu st dung nudc cAt.

Két qua nghién ciiu
Diic tinh ciia nhua di bién tinh PSW-S

Két qua hinh thai hoc ctia bé mat vat liéu phan tich theo phuong
phap SEM duoc mo ti trong hinh 1. CAu tric vt liéu PSW-S bao gdm
céc khdi coc nho o chidu dai 2-6 um; ching xép chong 1én nhau, tao
thanh céc khi 16n hon. Céc khéi 16n duge gén va dan xen nhau, tao nén
bé mit ctia san phim PSW-S x0p v6i nhiéu 16 rdng, diéu ndy ¢o thé do
phan (mg sulfo hoa cua nhya polystyrene. Hinh thai bé mit ndy thé hién
qu trinh gén thém gbc - -SO,H vao nhya thai da xay ra; vét liéu sau bién
tinh c6 dién tich bé mat lon ting kha ning tiép xuc giira ion va vét liéu,
gitip cai thién hiéu sudt xir Iy Cr**,

Hinh 1. Anh SEM ciia mau nhuia thai polystyrene sau khi sulfo héa & cac
mic dd phéng anh khac nhau: a) -1 pm; b) -2 pm.

Su ¢6 mit cia cac peak trong dai budc song thé hién céc lién
ket thanh phan cua nhya thai polystyrene trudc va sau khi bién tinh

bing H,SO, (thém vao lién két cia nhom -SO .H), dugc biéu dién &
anh chup pho hong ngoai FTIR (hinh 2).
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Hinh 2. Phd hap thu hdng ngoai clia PS, PSW, PSW-S. Déu sao (*) duoc
danh d&u cho vi trf clia cac dai hdp thu chinh cda goc sulfonate va ky
hieu (**) cho thay su lién két clia cac nhom sulfonic véi vong thom clia
PSW.

Két qua pho hong ngoai ctia PS va PSW la tuong tu nhau, céc
dai peak trén hinh 2 cta 2 loai nhya khong cho théy su khac biét
nhiéu vé s luong ciing nhw budc song cua cac dao dong. Cé hai
vét liéu déu c6 mat céc lién két nhom chire trong cau tao ciia poly-
styrene nhu lién két C-C, C-H (vong thom), C-H (CHX) [13, 14].

Anh chup pho hong ngoai FTIR cia PSW sau bién tinh
(PSW-S) cho thdy mot s6 dai hip thy méi xuat hién ¢ 1492,47
cm; 1363,61 cm! (dao dong O-H); 1129,14 cm (dao dong C-S);
1070,49 cm'; 1029,99 em™; 1009,24 cm (dao dong S=0), céc két qua
nay cho thay nhom -SO,H ¢6 ton tai trong PSW-S. Nhu vay, vat lidu
sau khi bién tinh bang axit sulfuric (PSW-S) 98% c6 cac peak thé
hi¢n rd rang sy ¢6 mat nhom -SO,H [15, 16].

Khdo sat anh hwong cia thoi gian lic khi hoa tan polysty-
rene trong cyclohexane dén tong dung luong trao déi ion ciia
vdt ligu PSW-S

Cyclohexane duogc st dung nhu mot dung mdi hoa tan nhya
PSW [16]. Trong thi nghiém nay, dé tiét kiém chi phi hoa chat va
van dam bao hiéu suét ciia phan tmg, ty 1é hoa tan tdi wu la 1 g
PSW: 10 ml cyclohexane (10 ml cyclohexan 13 lwong dung moéi
nho nhat sir dung dé hoa tan hoan toan 1 g nhya thai PSW).
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H|nh 3. Anh huéng ciia thoi glan Iac khi hoa tan polystyrene trong cyclohexane
t6i tong dung lugng trao ddi ion clia vat liu sau bién tinh PSW.-S.
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Céc két qua vé mdi twong quan gitra thoi gian lic va tong dung
luong trao doi ion (hinh 3) cho thy thoi gian ldc t6i wu cta poly-
styrene trong cyclohexane 1a 50 phut, tao ra dugc san pham ¢6
tong dung luong trao doi cao nhét 1én dén 15,3 mg/g so véi 10,11;
10,61; 11,21 va 13,74 mg/g khi diéu ché vdi cac thoi gian lic khac.
Do do, thoi gian ldc tdi uu dé hoa tan PSW tir pha rin sang pha
1ong (huyén phu) 1 50 phit.

Khio sdt anh hwéng ciia thoi gian phin teng sulfo dén hiéu
qud logi bé Cr** ciia vit liéu sau bién tinh PSW-S

Sau khi lic PSW vdi cyclohexane trong thoi gian t6i wu (50
phiit), hon hop da tro thanh hé dong nhat. Dé nghién ctru sy phuy
thudc cua vat li€u vao thoi gian phan Gng voi axit, thoi gian lic
dung dich dong nhét nay voi axit (sulfo hoa) di dugc khao sat
trong khoang tir 15 dén 105 phut. Hon hop sau phan tmg, gom
polystyrene da bi sulfo hoa - cyclohexan - axit sulfuric, da tach
thanh hai pha khac nhau trong binh khi dé ¢ nhiét do phong. Cac
thi nghiém c6 thoi gian phan tmg tir 45 phut tré di tao ra san pham
& dang khoi, va pH rit thip do axit bi giit phia trong khoi, kho
rua sach axit du. Hai gid tri 15 va 30 phut la thoi gian phan ng
thich hop dugc chon cho qua trinh sulfo hoa, san pham cia phuong
phép vai 2 thoi gian phan tmg khac nhau 1an lugt 1a PSW-S15 va
PSW-S30, twong tmg.

Hinh 4 thé hién sy thay ddi cua ndng do Cr** theo thoi gian
trong thi nghiém cot, dugc thyc hién dé kiém tra hiéu qua loai bo
Cr** ciia san pham sau bién tinh PSW. Hiéu suét loai bo Cr* cta
PSW-S15 cao hon PSW-S30 trong tat ca cac thi nghiém khéao sat
thoi gian, v6i hiéu qua cao nhat lan luot 1a 44,09% va 39,68%. Do
d6, 15 phut da dwgc chon 1a thoi diém tdi wu dé sulfo héa nhua
thai.
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Hinh 4. Anh hugng ctia thdi gian phan ting sulfo héa giiia PSW va H,SO,
t6i hiéu suat loai bo Cr** clia san phim nhya bién tinh.

Khdo sdt anh hwong ciia nhiét dj khi hoa tan PSW trong cy-
clohexane t6i tong dung lwong trao di ion ciia sin phim nhwa
bién tinh

Téng dung lugng trao d6i cuia vat liéu sau bién tinh tang o nhiét
d06 30-60°C. Do nhiét d6 soi cua C(’HL2 14 80°C, dé dam bao an toan
thi nghiém cling nhu dinh luong thé tich dung méi stir dung, thi
nghiém chi gia nhiét va on nhiét toi da ¢ 60 °C. Két qua tir hinh 5
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cho thay nhiét do cang cao thi kha ning trao doi ion ciia vat lidu
bién tinh cang 1on.
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Hinh 5. Anh huéng ctia nhiét do khi hoa tan nhua thai polystyrene
trong C H,, t6i tong dung lugng trao ddi ion clia sin pham nhya bién
tinh PSW-S.

Kha ning trao doi tdi da cia nhua trao doi cation bién tinh
PSW duoc didu ché véi giai doan hoa tan dién ra & 60°C cao nhét &
mirc 18,71 mg/g. Cac qué trinh didu ché c6 cong doan hoa tan dién
ra & nhiét do thap hon déu cho san pham c¢6 tong dung lwong trao
di ion thap hon (15,26; 14,73 va 15,67 mg/g twong (g voi qué
trinh hoa tan dugc tién hanh ¢ 30, 40 va 50°C). Két qua thi nghiém
ndy c6 thé giai thich rang khi hdn hop dwogc lic ¢ nhiét do cao, cic
phan tir hoa hoc dugc kich thich, linh hoat hon va hi¢u qua hon.

Dinh gid dung lwong ciia vit liéu trao doi ion dwoc diéu ché
trong dieu kién toi wu PSW-S

Cac hat trao d6i cation PSW-S ¢6 duong kinh 1-1,5 mm duoc
tao ra theo quy trinh dd néu & phin 2 véi cac diéu kién t6i wu da
tim dugc. Céc hat nhya trao doi ion PSW-S nay dugc nhoi vao cot
dé chuén bi cho thi nghiém, toc d6 dong chay 2 ml/phut. Dit liéu
tir hinh 6 cho thy, vat li¢u bién tinh PSW-S ¢6 kha ning loai bo
crom trong nude. Dya trén hiéu qua loai bo Cr**, dung lugng trao
d6i ion cta vat liéu da duoc tinh toan dwa trén mo hinh dong hoc
Thomas 1 40,85 mg Cr/g. Nhu véy, can sir dung 0,25 ml dung moi
cyclohexane dé didu ché 0,025 g vat liéu trao dbi ion, luong vat
liéu can dé loai bo 1 mg crom trong nudc.

Bang 1. Cac thong so cla thi
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Hinh 6. M6 hinh dong hoc Thomas dang tuyén tinh cla qua
trinh loai bé crém bing nhya bién tinh PSW-S

Nghién ciru ndy da chi ra tinh kha thi cla viéc st dung nhya
thai polystyrene lam nguyén li¢u dé tong hop vat lidu trao doi ion.
Két qua chup phd FTIR cho thdy PSW sau khi bién tinh c6 chira
nhom -SO,H. Bo diéu kién :[c*)i ru nhét cho phan tmg sulfo hoa
nhya thai polystyrene PSW bang phan (ing dong nhat la PSW dugc
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hoa tan trong cyclohexan trong 50 phut & 60°C, tiép theo 14 sulfo
héa bang axit sulfuric trong 15 phut. Dé loai bo 1 ‘mg crém can
0,25 ml dung méi CH,, cho qua trinh diéu ché mau vat liéu co
hiéu qua tot nhat. Cac nghlen ciru tiép theo s& duogc tiép tuc trién
khai trong twong lai dé cai thién quy trinh ché tao va chat luong
ctia vt liu trao doi ion tir nhua thai polystyrene.

101 CAM ON

Nghién ciru nay dugc tai trg boi Truong Pai hoc Khoa hoc Ty
nhién, Pai hoc Quoc gia Ha Noi thong qua dé tai ma so TN.18.19.
Céc tac gia xin tran trong cam on.
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