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Tém tat Vat liéu copolyme (divinylbenzen-styren) xop dugc tong hop bang phan tmg dong trung
hop gbc tu do theo _phuong phap huyén phu. Tinh chat dic trung cua vat liéu dugc xac dinh bang
céc ky thuat do phd hong ngoai IR, kinh hién vi dién tir quét (SEM), phan tich nhiét DSC-TGA.
Dién tich bé mat riéng va tinh chat X(,)p cua vat liéu duoc danh gia thong qua phwong phap BET,
dung luong hip phu cuc dai va cac yeéu t6 anh huong toi qua trinh hap phu xtr 1y phenol trong
nudce cua vat liéu copolyme x6p da dugc khao sat. Vat liéu copolyme cé cau triic mang ludi xp,
dién tich bé mat riéng xac dinh theo BET 14 589,45m%g, theo phuong trinh Langmuir 1a 866,14
m?/g, kich thudc 15 xdp trung binh 3,5-20 nm. Anh hudng thoi gian, pH, ndng d6 dung dich déu
t61 qua trinh hip phu xir 1y phenol cua vat liéu da dugc khao sat. Vat lidu cho dung lugng hip phu
cuc dai dbi v6i phenol trong nuée dat 75,2 (mg/g).

Tir khéa: Polyme x6p, copolyme(divinylbenzen-styren), phenol trong nude.

1. Mé dau

Céc loai dung mdi hitu co trong nudc dac
biét 1a phenol 1a cac chit doc hai gdy 6 nhiém
mdi truong rat khé phan hity va xir 1y. Trén thé
gi6i hién nay dé xir Iy phenol ¢ nhiéu phuong
phap nhu: phan hay nhiét, ling dong, st dung
cac vat liéu hap phu hay bun hoat tinh chira vi
sinh vat dé phan giai phenol... Tuy nhién, hap
phu 13 m6t trong nhing bién phap hiéu qua nhat
trong vi€c xu ly nudc thai hién nay. So vai cac
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phuong phap xu 1y nudc khac, phuong phap
hép phu dé thuc hién, khong phat sinh chat doc
hai trong sudt qua trinh xir 1y va ngoai ra
phuong phap con co6 thé loai bo gan nhu tat ca
céc chat 6 nhiém trong nuéc [1].

Céc loai vat liéu polyme xdp O ciu truc
mao quan nano la loai vat liéu mdi hién tai dang
dugc quan tim nghién ctru boi né cho do bén,
do tach loc cao va quan trong hon la dé tai sinh
va tai st dung lai nhiéu lan. Vé kich thudc, su
phan bd mao quan nano va dién tich bé mit
riéng cia vat lidu polyme xbp c6 thé d& dang
diéu chinh théng qua phan ung téng hop, bién
tinh hay hoat héa dé c6 duoc cac loai vat liéu co
dién tich bé mat riéng du 16n tir vai tram cho toi
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hang ngan mz/gam va duong kinh mao quan
thay dbi tir vai dén vai chuc nm dé phu hop cho
nhiéu muc dich tng dung khac nhau. Ngoai ra
trong cu trac cia vat lidu polyme x6p c6 thé
chtra cac nhom chiic hoat dong. Chinh vi vay,
vat liéu polyme xdp céu tric nano c6 kha ning
ung dung rong rai cho viéc xur ly nudc thai, dac
biét 1a nudc thai c6 chira cdc dung moi hitu co,
dic biét 1a cac hop chat hitu co mach vong kho
xu ly trong méi truong [2, 3]. Trong bai bao
nay, phan tUng dong tring hop giita
divinylbenzen va styren theo co ché gbc tu do
bang phuong phap huyén phu dugc thyc hién.
Anh huéng cac didu kién tong hop vt liéu nhu
ty 1& divinylbenzen/styren, ham lugng chét xuc
tac, ham lugng chit tao huyén phu, nhiét do,
thoi gian phan tng, dong thoi anh hudng thoi
gian, pH va nong d6 dung dich phenol du vao t6i
qua trinh hap phu xtr 1y phenol trong nudc ciia vat
liéu copolyme xdp ciing dugc khao sat danh gia.

2. Thue nghiém
2.1. Héa chat

Styren, d0 tinh khiét > 99,5% hang san Xuét
Merck — Duc; Divinylbenzen, do tinh khiét>
85% hang san xudt Merck — Pic; Xylen, do
tinh khiét > 95% hang san xuét Guang zhou-
Trung Qudc; Xang thom, do tinh khiét > 95%
hing san xuét Guang zhou-Trung Quoc
Genlatin do tinh khiét > 90% hang san xuit
Guang zhou- Trung Qudc; Phenol, do tinh khiét
> 99,5% Tay Ban Nha, Benzoyl peroxit d¢ tinh
khiét 98% hang san xuit Merck — Puc, nudc
cét hai lan.

2.2. Phwong phdp tong hop vdt liéu copolyme
hap phy

Vét liéu copolyme(divinylbenzen-styren)
xbp dugc tong hop bang phuong phap dong
trung hop gdc tu do trong dung dich huyén phu
nhu md ta theo tai liéu [4], quy trinh tdng hop
nhu sau:

Dung dng dong léy 200ml nudce cit cho vao
binh phan ung 3 c¢6 500ml, tiép theo cho 2g
gelatin va 1g Na,SOs, bat may khudy va tién

hanh khudy & toc do vira phai trongl0 phut dé
hoa tan hoan toan lugng gelatin va Na;SO4. Khi
dung dich dong nhit, dung pipet 25 ml hut
chinh xac lugng stiren va divinylbenzen theo ti
1¢ duoc tinh toan trude cho vao hé phan ung,
thém 20ml xylen va 10ml xing thom. Tiép tuc
cho lwong chit xuc tic khoi mao benzoin
peroxit 1iy theo ty 1¢ khao sat so v6i khdi lugng
clia monome phan tmg. Tang toc do khudy dé
cac monome va chat xac tac phan tan déu vao
cac hat huyén phu trong dung dich. Thuc hién
phan ung tai nhiét 36 70-95°C trong thoi gian 2-
5 gio. Két thuc phan mg san pham copolyme
xép duogc hinh thanh dudi dang hat tron nhd,
mau tréng duc, duogc loc rira béng nuGe cit dun
s6i nhiéu 1an dé loai bo hét dung moi, monome
du va tap chit. Cudi cung rira lai san pham
bang methanol, siy san pham tai 70-80°C cho
dén khdi lugng khong doi, trude khi dem phan
tich xac dinh dic trung cdu tric tinh chat va
danh gia thir nghiém hip phu xu ly déi véi
phenol trong nudc.

2.3. Phuong phap nghién ciru

Ph6 hong ngoai (IR) dugc do trén may
Bruker- Tensor (Ptc) tai Vién Pia 1y - Vién
han 1am khoa hoc Viét Nam.

Chuyp anh kinh dién tir quét dugc thyc hién
bang kinh hién vi dién tir Jeol JMS 6490 tai
vién Khoa Hoc Vit Liéu — vién Han Lam Khoa
Hoc Cong Nghé Viét Nam.

Phan tich nhiét vi sai quét DSC, nhiét trong
lugng TGA cua vat liéu polyme xép duoc thuc
hién bang may phan tich nhiét Labsys Evo tai
vién Khoa Hoc Vit Liéu — vién Han Lam Khoa
Hoc Cong Nghé Viét Nam.

Phan tich xac dinh dién tich bé mat riéng
ctia vat liéu bang phuong phap BET bang thiét
bi Micromeritics Tristar 3000 tai phong phan
tich Khoa Hoa - Bai hoc Su pham Ha Noi.

2.4. Thir nghiém danh gia kha nang hdp phu xir
ly phenol trong nuodc cua vat liéu

Panh gia kha ning hap phu cua vat liéu dbi
voi viée xt 1y phenol trong nudc dugc thuc



24  M.V. Tién, B.T. Thu | Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dat va M6i truong, Tép 34, S6 4 (2018) 22-27

hién trén mo hinh tinh véi mau nudc gia dinh
néng d6 phenol tir 10-500 ppm dugc thuc hién
nhu sau: c&n chinh xac 1+0,01g vat liéu vao cbc
500ml, dan nhan va ki hiéu mau thir theo cac
day thi nghiém khao sat anh huong cia cac dicu
kién t6i qua trinh xir 1y phenol. Tiép d6 cho vao
mdi cdc 200ml dung dich phenol da pha dé thuc
hién hép phu, qué trinh thyc hién c6 st dung
khudy. Két thiic hap phu tién hanh loc thu dung
dich. T dich loc hat chinh xaciml cho vao
binh dinh mtrc 25ml, thém céac thudc thi va
dung dich dém can thiét rdi dinh muc t6i vach
bang nude cat, & 6n dinh trong 15 phit dem do
quang & budc song 510nm. Tir két qua Abs do
duge néng do phenol con lai sau qué trinh hap

phu duoc tinh theo phuong trinh dudng chuan.
Puong chuan phan tich xac dinh phenol bang
phuong phap do quang dugc xay dung theo
TCVN 6216:1996 - (ISO 6439:1990).

3. Két qua va thao ludn

3.1. Pieu kién t(fng hop vat  liéu
copolyme(divinylbenzen-styren)

Vit ligu copolyme xép dugc tong hop nhu
mo ta [4], v6i cac diéu toi vu nhu trong bang 1.

Bang 1. Diéu kién ti wu tong hop vit liéu copolyme(divinylbenzen-styren)

STT  Diéu kién va don phdi liéu tong hop va bién tinh vat liéu polyme xp Gia tri

I Tong hop vat liéu polyme x6p

1 Ty 1¢ DVB/ST 1,8-2,5/1
2 Ham lugng chét xuc tac [%] 0,7

3 Chét tao huyén phu [%] 0,1

4 H¢ dung méi (xylen+xang thom)/nude [%] 1/20

5 Nhiét d6 thuc hién phan tng [°C] 90

6 Téc d6 khudy [v/ phut] 600

7 Thoi gian thyc hién phan g [gio] 3

3.2. Bdc trung cdu triic, tinh chat cia vat liéu copolyme(P.divinylbenzen-styren)

HeatFlow (mw)

251 A mg)-02%
Am(%)-34

AT
TG (ma)

Samnple Ternperature (°C)

Hinh 1. Gian d0 phan tich nhiét DSC va TGA.

IMS-NKL 2.0kV 3.6mm x80.0k SE(M)

Hinh 2. Anh chup SEM ctia polyme x6p.
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Hinh 3. Phan b kich thudc 156 mao quan cua vat liéu

copolyme xdp.

Gian do phan tich nhiét cua vat lidu trén
(hinh 1) cho thay: trén duong TGA tir khoang
nhiét do 159,8-400°C c6 sy giam nhe khdi
lwong do sy bay hoi nudc cua vat liéu. Khi
nhiét d6 trén 400°C sy mét khdi lwong cia vt
liéu xay ra voi tdc do nhanh hon do cac chét
hiru co trong vat liéu bat dau bi chay. Trén
duong DSC xuit hién dinh thu nhiét ¢ tai 445°C
voi cuong d0 manh ung véi qua trinh bung
chay cua vat liéu. Khi nhiét d¢ dat t&i 600°C thi
hau nhu toan bo mau da bi phan huy.

Anh kinh hién vi dién tir quét (SEM) hinh 2
cho thay hinh thai bé mat cua vat liéu c6 cu
trdc tuong dbi xop, v6i nhiéu 16 mao quén.

Két qua xac dinh bé mat riéng cua vat liéu
copolyme bang phuong phap BET (hinh 3,4)
cho: dién tich bé mit riéng theo BET dat 589,45
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Hinh 5. Biéu’dién anh hudng thoi gian téi dung lugng
hap phu phenol cua copolymer.
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Hinh 4. B thi duong hap phu dang nhiét xac dinh
dién tich be riéng cua copolyme x0p.

m?/g, dién tich xac dinh theo phuong trinh
Langmuir dat 866,14 m?g, kich thudc 16 xbp
trung binh 1a 4,94 nm va su phan b kich thudc
16 x0p tir 3,5-20 nm. San pham vét lidu
copolyme tong hop thu dugc dang hat tron nho
mau tring duc, duong kinh ¢ hat trung binh tir
0,5-2mm.

3.3. Pdnh gid kha ndang hap phu xir 1y phenol
trong nuoc cua vat liéu

a) Anh hwéng cua thoi gian hap phu

Hinh 5 biéu dién anh huong thoi gian hap
phu t6i dung lugng hip phu phenol cua vat liéu
theo cac khoang thoi gian tiép xuc khac nhau
la: 10, 20, 40, 60 va 90 phut tai nhié¢t d¢ 303K
v6i ndng do phenol dau 1a 200mg/1, pH 13 6.
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Hinh 6. Do thi biéu dién anh huéng pH t6i dung
lugng hap phu phenol cta copolymer.
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Hinh 7. B4 thi x4c dinh dung lugng hap phu ctic dai ctia vat lidu copolyme xbp ddi voi phenol.

Két qua hinh 5 cho thdy dung luong hip
phu cta vat liéu dbi voi phenol tang 1én theo
thoi gian hap phy, dung luong hép phu tang
nhanh & 40 phut dau, sau d6 cin bing duoc
thiét 1ap sau 40-60 phut tai nhiét do nghién ctru.

b) Anh hwéng ciia pH téi qud trinh hap phu

Anh huéng pH dén kha ning hip phu
phenol cta copolyme véi ndng d6 phenol 200
mg/l, thoi gian hép phy 60 phut tai nhiét do
30°C duoc gisi thiéu ¢ hinh 6. Tir két qua trén
cho thdy pH anh huong dén dung lwong hap
phu cua vat lidu di véi phenol. Két qua hinh 6
cling cho thay pH tdi wu cho qué trinh hdp phu
ctia vat lidu copolyme x6p ddi véi phenol trong
khoang pH 6-7. C6 thé giai thich hién tuong
nay nhu sau: phenol c6 tinh axit yéu & khoang
gia tri pH thap bé mit vat lidu c6 pH< pHpzc
(diém dang dién), nén mang dién tich duong s&
khong thudn lgi cho qua trinh hap phu phenol
do tuong tac tinh dién. O pH cao, bé mit vat
liéu hip phu mang dién tich am hon do do6
tuong tac tinh dién giira vat liéu voi phenol s€
cao hon. Tuy vay, trong khoang pH qua cao,
nong d6 ion OH trong dung dich cao s& dan
dén su twong tic canh tranh cta ion OH™ lam
giam kha ning hap phu ddi voi phenol.

¢) Xac dinh dung lwong hap phu cuc dai
ctia vt lieu polyme xop doi voi phenol

Dung lugng hap phu cuc dai cta vat liéu
copolyme doi véi phenol duge xac dinh theo

mo hinh hip phy ding nhiét Langmuir. Dé xac
dinh dung lugng hip phu cuc dai, chung ti xay
dung d6 thi biéu dién sy phu thugc cua nﬁ)ng do
chat hip phu vao ti 1& gitta ndng d6 chét hap
phu voi dung luong hip phu. Dung luong hap
phu cuc dai chinh 1a ty sb hé sb goc cua do
thi nay.

Dung luong ha”ip phu cuc dai cua vat li€u
copolyme dbi v6i phenol xac dinh duoc 1a:

1
max = ———— = 75,2 (mg/
Q 00133 (mg/g)

4. Két luan

b3 téng hop thanh cong vét liéu copolyme
hdp phu x6p trén co so copolyme
(divinylbenzen-styren) bang phuong phap dong
trung hop gbc tu do trong huyén phu. Ty 1&
DVBJ/ST 14 1,8 - 2/5; str dung benzoin peroxit lam
chét xtic tac khoi mao véi nong do 0,7% tinh theo
lugng monome phan Ung va ham Iluogng chat
huyén phu 0,1%, sit dung hé dung méi xing
thom, xylen nudc ty 18 1/20. Pic trung cdu tric
tinh chit cua vét liéu polyme xdp dugc danh gia
bang phuong phap phd hong ngoai IR, chup anh
SEM, phan tich nhi¢t DSC-TGA. Vat liéu
copolyme tong hop ¢6 cdu triic mang ludi x6p,
dién tich bé mit riéng xac dinh theo BET la
589,45m?/g, theo phuong trinh Langmuir la
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866,14 m¥g, kich thudc 16 x6p trung binh 3,5-20 Tai liéu tham khao
nm. Thoi gian, pH va noéng d6 dung dich dau vao
anh hudng t6i qua trinh h'?ip phu xtr Iy phenol cta
vat liéu. Thoi gian dat can bang hip phu sau 60 Environ. Manage 70, 157164,
pl}ut, khodng pH pl}u hop 12 6 61 7, dung,luqr}g [2] Ziwei Tang, Shaofeng Li, Weina Yang, and
hap phu cuc dai d6i voi phenol trong nude cua Xuebin Yu (2012), Hypercrosslinked porous
copolyme dat 75,2 (mg/g). poly(styrene-co-divinylbenzene) resin: a
promising nanostructure-incubator for hydrogen
storage. Supplementary Material (ESI) This

[1] Roostari N., F.H. Tezel (2004), Removal of
phenol from aqueous solution by adsorption, J.
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[4] Mai Vin Tién, Nguyén Khic Thanh (2017), Tong
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phenol trong nudc. Tap chi Tai nguyén & Moi
truong. S6 12(266), tr. 9-13.
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Synthesis and Evaluation the Adsorption Capacity of Phenol
in Water of the Copolymer (Divinylbenzene-styrene) Material

Mai Van Tien, Bui Thi Thu

Hanoi University of Natural Resources & Environment,
41A Phu Dien, Cau Dien, Tu Liem, Hanoi, Vietnam

Abstract: Copolymer (divinylbenzene-styrene) foam was synthesized with free radical
copolymerization by suspension method. Characteristic properties of the material are by IR
spectrometry, scanning electron microscopy (SEM), DSC-TGA thermal analysis. The specific surface
area and porosity of the material were evaluated by BET method, the maximum adsorption capacity
and the factors influencing the process of adsorption of phenol in water of porous copolymer material
survey. The copolymer material has a porous network structure, the specific surface area determined
by BET is 589.45 m?/g, Langmuir equation is 866.14 m?/g, the average porosity is 3.5-20 nm. The
effect of time, pH, initial solution concentration on the adsorption phenol of the material was
investigated. Materials for the maximum adsorption to phenol in water reached 75.2 (mg/g).

Keywords: Porous polymer, copolymer (divinylbenzene-styrene), phenol.



