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TOMTAT

Vét liéu polyme Divinylbenzen - Styren (DVB-ST) x6p dugc tong hop bang phan ting dong triing hop gdc tu do theo phuong phép triing hgp nhi tuong. Tinh
chdt dac trung clia vat liéu dugc xac dinh bang cac ky thuat kinh hién vi dién ti quét (SEM), phan tich nhiét TGA. Dién tich bé mat riéng va tich chat xdp ctia vat
liéu dugc danh gia thong qua phuong phap BET. Dung luong hdp phu dau, cdc yéu t6 anh hudng téi qua trinh ddng triing hap clia vat liéu polyme xdp da dugc
kiém tra. Vat liéu polyme xp c6 cdu tric mang ludi xdp, dién tich bé mat riéng dugc xac dinh theo BET la 122m?/g. Kich thudc 16 trung binh [3 6 - 14nm. Bén canh
d0, viéc dua sat tlr vao qua trinh dong trling hgp nhii tueng gitip cho vat liéu polyme xdp sau khi hap phu dau trén bé mat nudc ¢d kha nang thu héi cao. Két qua
[3, vt lidu polyme x6p mang tir tinh ¢6 do hap phu dau cao véi kha nang hap phu dau (W) 1a 33,21g/g dugc tinh toan bang phuong phdp trong lugng, nhu vy
¢6 tiém ndng hitu hiéu dé nghién ctiu, Ging dung x( 1y 6 nhiém dau tran trong thuc té.

Tirkhoa: Vit ligu, polyme, Divinylbenzen - Styren, hdp phu ddu, 6 nhiém ddu tran.

ABSTRACT

Porous polymer material of Divinylbenzene - Styrene (DVB-ST) was synthesized by free radical copolymerization reaction using emulsion polymerization
method. The characteristic properties of the material were determined by scanning electron microscopy (SEM) and thermal analysis TGA. The specific surface area
and porosity of the material were evaluated by BET method. The oil adsorption capacity and factors affecting on the copolymerization process of the polymer
material were tested. The porous polymer material has a porous network structure, the specific surface area determined by BET is 122m?/q. The average pore size
is 6 - 14 nm. Factors affecting on the oil adsorption process of the material were investigated. Besides, added magnetic iron into the emulsion copolymerization
process supports the porous polymer material after adsorbing oil on the water surface in order to have high recovery capacity. As a result, the magnetic porous
polymer material has high oil adsorption with oil adsorption capacity (W) of 33.21g/g calculated by gravimetric method, thus this material had effective potential
for research and application for spilled oil pollution treatment in reality.

Keywords: material, polymer, Divinylbenzen — Styren, oil adsorption, spilled oil pollution
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1. GIGI THIEU va manh mé hon trong nhitng ndm gan day. Su ¢6 tran
V6i sy phét trién nhanh chéng nganh cong nghiep  dau nhu mét méi de doa déi véi hé sinh thai, la mot van

hoda dau, su cd tran dau da xay ra ngay cang thudng xuyén dé moi trudng toan cau nghiém trong. Viéc ro ri ngau
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nhién hodc c6 tinh giai phéng hydrocacbon dau moé vao
moi trudng bién dan dén thiét hai tham khéc cho méi
truong sinh thai va stic khoé ctia con ngudi. Trén thé gidi
hién nay, dé xt ly su 6 tran dau c6 nhiéu phuong phap
nhu: Phuong phap vat ly, phuong phap sinh hoc, phuong
phap nhiét va phuong phap hoa hoc [1]. Qua danh gia,
hap phu (phuong phap hoa hoc) la mét trong nhiing bién
phap hiéu qua trong viéc xt ly su c6 dau tran hién nay. So
V@i cac phuang phéap xtr ly dau tran khac, phuong phap
hap phu dé thuc hién, khong phat sinh chat doc hai trong
sudt qua trinh x ly va ngoai ra phuang phap nay cé thé
loai b6 gan nhu téi da lugng dau tran.

Cac loai vat liéu polyme x6p c6 cau tric mao quan la
loai vat liéu mdi hién tai dang dugc quan tam nghién cuiu
b&i n6 ¢6 tinh ting dung cao trong cong tac xt ly dau tran
cling nhu cac loai 6 nhiém trong nudc khac. Vé kich thudc,
su phan bé kich thudc hat va dién tich bé mat riéng cua
vat liéu polyme x8p c6 thé dé dang diéu chinh dua trén
cac qua trinh téng hop vat liéu. Viéc bién tinh vat liéu
nano sat tu gidp cho cac hat sat tir phan bé déu trong vat
liéu polyme x6p va tang kha nang hap phu dau cta vat
liéu. Ngoai ra trong cdu trdc clia vat liéu polyme x6p cé
thé chiia cac nhém chiic hoat déng, chinh vi vay, vat liéu
polyme x6p mang vat liéu nano sat tir cé kha nang tng
dung réng rai cho viéc xr ly dau tran. Trong bai bao nay,
phan ting déng trung hgp gilta DVB-ST theo ca ché goc
tu do bang phuong phép tring hgp nhii tuong dugc thuc
hién. Anh huéng cac diéu kién téng hop vat lieu nhu ty 1é
DVB-ST, ham lugng chat xuc tac, ham lugng chat tao
huyén phu, nhiét do, thai gian phan ting va cudéi cung qua
trinh hap phu dau tran cta vat liéu polyme x6p cling dugc
khao sat danh gia [2].

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Hoa chat:

Styren, d6 tinh khiét > 99,5% hang san xuat Sigma
Aldrich - My; Divinybenzen, d6 tinh khiét > 85% hang san
xudt Sigma Aldrich - My; Benzoyl peroxit, d6 tinh khiét
98% hang san xuat Sigma Aldrich - My; Sorbitan Oleate
(Span 80); St tir Fe;04, axit oleic, nudc cat hai lan dugc
strdung.

2.2. Phuong phap téng hop vat liéu polyme xép

Chuén bi dung dich phan (ing bang cach hoa tan ST
va DVB ¢6 phan tan hat oxit st (oxit sat da dugc oleat hoa
bé mat trong monome bang thiét bi siéu am) theo ty lé
dugc tinh toédn trudc vao cbc thuy tinh 250ml c6 thiét bi
khudy va Buret 50 ml. Bén canh d6, cho chat nhi hoa
(Span 80) vao hén hgp phan ting trén cé st dung thiét bi
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khudy déu dé cac chat tiép xuc tét vai nhau. Tiép tuc cho
lugng chat xuc tac khaoi mao benzoyl peroxit va Fe,0, da
bién tinh [dy theo ty 1é khdo sat so vai khoi lugng céc
monome phan Uing. Tang t6c d6 khudy dé cac monome
va chat xuc tac phan tan déu vao cac hat huyén phu trong
dung dich. Thuc hién phan Ung tai nhiét d6 tu 90°C. Sau
dé tiép tuc khudy dong thai nho nudc cat vao véi toc do
3ml/phut trong thai gian 90 phut. Két thdc phan ting san
pham polyme x6p dugc hinh thanh. Sdy san pham tai 75
- 90°C. Cuéi cuing rira lai san phdm bang ethanol, sdy san
phdm 70 - 80°C cho dén khi khéi lugng khéng déi, truéc
khi dem phan tich xac dinh dac trung cau trac tinh chat
va déanh gia thir nghiém cac chi tiéu ctia san pham [2-6].
2.3. Phuong phéap nghién ctiu

Chup anh kinh dién tr quét dugc thuc hién bang kinh
hién vi dién tir Jeol JMS 6490 tai Vién Khoa hoc Vat liéu -
Vién Han Lam Khoa hoc Céng nghé Viét Nam.

Phan tich xac dinh dién tich bé mét riéng cla vat liéu
bang phuong phap BET bang thiét bi Micromeritics Tristar
3000 tai phong phan tich CBRN - Vién Hod hoc Méi trudng
Quan su/BCHH.

Phan tich nhiét vi sai quét DSC, nhiét trong lugng TGA
cla vat liéu Polyme x6p dugc thuc hién bang may phan
tich nhiét Labsys Evo tai Vién Khoa hoc vat liéu - Vién Han
lam khoa hoc va cong nghé Viét Nam.

2.4. Thi nghiém danh gia kha nang hap phu dau tran
ctia vat liéu polyme x6p mang tu tinh

Kha nang hap phu dau (muc dé hap phu dau) la thong
sO quan trong nhat déi vaéi viéc ché tao polyme hap phu
dau. D& xac dinh dugc muic d6 hap phu dau ldy mau sau
khi phan Gng két thuc, tat ca cac cé6c mau thir kha nang
hap phu dau déu dugc sdy trong 2 ngay.

Tién hanh thi nghiém xac dinh muic d6 hap phu dau
cua vat liéu polymer x6p vai dau DO trong diéu kién thi
nghiém méi trudng nudc.

- Phuang phap: Hé s6 hap thu dau (W) dugc xac dinh
bang phuong phap trong lugng [7, 8]. R6t 15ml dau vao
c6c thuy tinh 100ml c6 chira 80ml nuédc cat hoac nudc
bién. Sau d6 lay vat liéu polymer x8p da téng hap duoc,
can va tha vao I16p dau trén bé mat nudc. Sau khoang thoi
gian xac dinh, vat liéu dugc |dy ra va dé 2 phut trudc khi
can. Khi d6 dung lugng hap phu dau dugc tinh theo cong
thuc (1) sau:

_m,-m

w 1.100% (g/9) (1)

1
Trong dé: m; va m; la khéi lugng chat trudc va sau khi
hap phu.
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3. KET QUA VA THAO LUAN
3.1. Khdo sat cac yéu t6 anh hudng dén qua trinh téng
hop vat liéu Polyme x8p mang tir tinh

a) Anh huéng cta nhiét d6 va thai gian phdn ting dén
qud trinh déng tring hop
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Hinh 1. Anh hung cta nhiét d6 va thai gian phan ting dén qua trinh dong
trung hgp

Qua hinh 1 nhan thay rang, khi nhiét d6 tang thi muc
dé chuyén hoa clia monome tang nhanh & giai doan dau
va sau d6 tang cham cho dén gia tri khong déi. Vi khi tang
nhiét d6 sé lam tang téc do phan Gng dan dén toc do
chuyén hod clia caéc monome thanh polyme nhanh hon.
& nhiét d6 80°C, téc d6 chuyén hoa cham, dé dat duoc
chuyén hoa cao thi thai gian phéan ung kéo dai. Khi nhiét
dé 90°C thi téc d6 chuyén hoa tang nhanh. Thai gian can
thiét @& monome chuyén hoa gan nhu hoan toan trong
khodng 90 phut. Tuy nhién khi nhiét &6 16n hon 100°C thi
t6c dé chuyén hoda ban dau tang mot cach dot ngot va
qua trinh chuyén hod khéng dat dugc hoan toan do mot
phan polyme bi phan huy (chay) & nhiét d6 cao. Do vay, &
nhiét do 90°C, thai gian phan tng khodng 90 phut dugc
lua chon dé nghién ctru phan tng.

b) Anh huéng cia ham luong chdt nhii hod

Bang 1. Anh chét nhii hudng hoa Span 80 t6i do bén nhii va kich thudc hat
clia nhii héa

He:xm lwgng D6 bén Ham lugng chat | Kich thudc
chat nhii hoa, SN nhii hoa, % hat trung
% (Span 80) nhd, ngay (Span 80) binh (um)

2 3 2 12
4 8 4 10
6 25 6 6
8 26 8 7

Két qua bang 1 cho thay, véi ham lugng chat nhi hoa
2% thi nhi tuong tach pha nhanh. Cac mau véi ham
lugng chat nhii hoa tir 6 dén 8% c6 dé bén nhii tuong gan
nhu bang nhau. Bén canh dé, ching téi tién hanh xac
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dinh kich thuéc hat nhi dé xac dinh kha nang 6n dinh cda
nha tuong bang cach sir dung kinh hién vi va xac dinh
anh huéng ctia ham lugng chat tao nh téi phan bé kich
thudc hat sén pham. Khi tang ham lugng chat nha hod thi
kich thudc hat nhi tuong trung binh déu giam. Diéu nay
dugc lam ré thong qua viéc danh gid kich thudc hat trung
binh cling nhu muc d6 phan tan tai bang 1. Tiép tuc tang
ham lugng chat nhi hod tir 6% dén 8% thi kich thudc va
muc dé phan tan thay déi khong dang ké. Tu cac két qua
thu dugc trong qua trinh khao sat ham lugng chat nha
hoa Span 80 thi ching t6i lua chon ham lugng chat nhi
hoa 6% so véi khoi lugng Monome cho qué trinh déng
trung hop Styren va Divinylbenzen [9, 10].

¢) Anh huéng ctia néng dé chét khoi mao dén murc dé
chuyén héa

Qua hinh 2 thay rang, néu tang néng dé chat khai mao
tur 0,6% dén 2,0% (so vai khéi lugng Monome) thi ndng
dé chat khoi mao 1én hon 1,2% lam cho s6 géc tu do tao
thanh tang Ién rat nhanh, dan téi téc d6 phan Ung tang
[én d6t ngdt, lam tang d6 nhdét cla dung dich. Vay nén,
dé thuan tién cho viéc nghién clu, cac qua trinh déng
tring hop sau sé tién hanh phan tng & néng d6 chat khoi
mao la 1% so vai khéi lugng Monome [11].
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Hinh 2. Anh huéng cdia ham Iuong chét khoi mao dén mc do chuyén hod

Diéu kién téng hop vit liéu polyme xép mang tirtinh

Vat liéu polyme x8p mang tu tinh dugc téng hop nhu
mo ta [1], vGi cac diéu kién t6i uu nhu trong bang 2.

Bang 2. Diéu kién tdi uu téng hap vét liéu polyme x3p mang tir tinh

STT Diéu k'ifn \{é ddlj p!1ﬁ6'i liéu tong !,qu va Gidtri
bién tinh vat liéu polyme xop ’

1 Ty 18 DVB/ST 0,5/4,5
2 | Nong dd chat khai mao [%] 1
3 | Ham lugng chét nhii hoa[%)] 6
4 | SattirFes04 bién tinh [%] 2
5 | Tocdd khudy [v/pht] 1100
6 | Thdi gian thuc hién phan ting [phit] 90
7 Nhiét dd thuc hién phan ting [°C] 90
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3.2. Dic trung céu tric, tinh chat caa vat liéu polyme
(DVB-ST

Hinh 3. Anh chup EDX clia vt liéu Fe;0, sau khi dugc bién tinh bing Axit
oleic

Hinh 3 thé hién két qua phan tich bang phé tan xa
nang lugng tia X (EDX) d6i véi vat liéu Polyme x6p cé chira
hat Fes0. sau khi dugc bién tinh béng axit oleic. Anh cho
thay bé mat vatliéu cé cau truc x6p dac trung, cac vat liéu
phan b tuong ddi déng déu. Phé EDX cung cap thong
tin dinh lugng vé thanh phan nguyén té trén bé mat vat
liu. K&t qua phan tich cho thay vat liéu c6 ham lugng sat
Fe) chiém 83,78%, trong khi ham lugng oxy (O) chiém
16,22%. Sy hién dién véi ty lé cao clia Fe va O phu hop véi
thanh phan ctia Fe;0.4, d6ng thai cho thay qua trinh bién
tinh bang axit oleic khéng lam anh huonbgr dén thanh
phan cdu tao chinh cau vat liéu tur tinh. Nhu vay, ¢ thé
két luan rang vat liéu polymer x6p bién tinh van git dugc
ham lugng sat tu cao.

Két qua chup anh SEM bé mat ctia vat liéu Polyme x6p
dugc thé hién trén hinh 4. Cac két qua thu dugc cho thay
vat liéu Polyme x6p mang sat ti bién tinh cé cau trac

Vol. 61-No. 7 (July 2025)

tuong déi x6p, cac mao quan cé dugc phan b6 déu vai
dudng kinh mao quan tuong duang nhau.

PR o T
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Hinh 4. Anh chup SEM clia vat liéu sau khi dugc tong hop

Két qua bé mat riéng clia vat liéu polyme x6p bang
phuong phap BET hinh 5 cho: Dién tich bé mat riéng theo
BET dat 122m?/g, kich thuéc 16 x6p trung binh la
10,2397nm va su phan bé kich thuéc 16 x6p ti 6 -14nm.
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Hinh 5. (a) Phén bo kich thudc 16 mao quan ctia vat liéu; (b) D4 thi dutng
hédp phu dang nhiét xac dinh dién tich bé mét riéng cla vét liéu

sE Figure: Qs Xop Crucible:PT 100 pl AtmosphereAir
C 10C.min-1 (Zone 2) Mass (mg): 1046
T T

Labsys TG

333.6 deg C

432.9 deg C
251.485 J/g
P

427.0deg C
368.1 deg C

312.5deg C 441.9deg £

g8 °

Hinh 6. Gidn d0 phén tich nhiét TGA va phan tich nhiét vi sai quét DSC

Két qua phan tich nhiét clia vat liéu dugc trinh bay trén
hinh 6 théng qua cac dudng cong TGA va DSC cho thay rd
cac giai doan bién d6i nhiét dac trung. Cu thé, trén dudng
cong TGA, vat liéu bt dau giam khéi lugng & khoang nhiét
d6 tir 170°C dén 300°C, nguyén nhan chu yéu la do su bay
hoi clia nudc hap phu trong cdu tric vat liéu.
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Tiép theo, trong khoang 300°C dén 400°C, vat liéu co
su suy giam khéi lugng dang ké han, cho thdy su phan
huly clia cac hgp chat hitu co cé trong nén polymer x6p.
Giai doan nay lién quan tryc tiép dén su chay hoac pha vé
cau trac cac lién két hitu ca. Pudng cong DSC thé hién ré
dinh thu nhiét manh tai 336°C, tuong Ung vdi qua trinh
chay bung cutia cac thanh phan hiu co. Sau dé, nhiét do
ti€p tuc tang va dat dén 441°C, tai d6 vat liéu gan nhu da
hoan toan phan huy.
3.3.Danh gia kha nang hap phu dau ctia vat liéu

Xac dinh kha ndng hap phu cta vat liéu polyme xép
mang tu tinh d6i vsi dau DO. Phuong phap xéac dinh kha
nang hap phu dau (W) dugc thuc hién bang phuang
phap trong lugng, Sau khildy m;=0,335g vat liéu polyme
x6p dé€ danh gia kha nang hap phu dau DO. Trong khoéng
thai gian 5 phat thu dugc m, = 0,446g két qua kha nang
hap phu dau (W) la 33,21g/g.

T két qua cho thay, vat liéu polyme x6p mang tur tinh
c6 d6 hap phu dau cao. Két hgp vai qua trinh do d6 hap
phu dau cla vat liéu polyme x6p mang ti tinh, ching toi
tién hanh thir nghiém kha nang thu héi cia vat liéu bang
cach st dung tur trudng clia nam cham dé hat cac vat liéu
dé lai. K&t qua cho thay, cac vat liéu bam trén bé mat nam
cham, chiing té c6 thé thu héi vat liéu dé dang khi su
dung vat liéu & cac vi tri c6 dién tich réng hon.

4, KET LUAN

Két qua nghién ctu da tdng hgp thanh cong vat liéu
polyme x6p trén co s& copolyme (divinylbenzen -styren)
biang phuong phéap dong trung hgp géc tu do trong
huyén phu. Cac diéu kién ché tao dugc vat liéu & ty 1é
DVB/ST la 0,5/4,5; sit dung benzoyl peroxit lam chat xuc
tac khoi mao véi néng dé 1%, Span 80 ty & 6% lam chat
nh{ hod va sir dung 2% sét tir Fe;0, da bién tinh bang axit
oleic dé tang kha nang hap phu va thu héi dau. Dac trung
cdu truc tinh chat cda vat liéu polyme x6p mang tu tinh
dugc danh gia bang phuong phap chup anh SEM, phan
tich nhiét DSC-TGA. Vat liéu polyme x6p mang tir tinh c6
cau truc mang ludi xop, dién tich bé mat riéng theo BET la
122m?/g, kich thudc 16 x6p trung binh 10,23nm.
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