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Tém tit: Bai bdo nghién clru qua trinh tdng hop va tinh chit bao mon ciia copolyme c¢6 kha ning
thiy phéan chua metyl metacrylat (MMA) va tert-butyldimetylsilyl metacrylat (tBDMSMA)
Copolyme ngau nhién va copolyme khdi véi khéi lwong phan tir dwoc kiém sodt va do phan bd
khéi lwong hep da duogc téng hop bing phuong phdp tring hop chuyén mach cong-tich thudn
nghich (RAFT). Két qua thu dugc cho thy tbc do bao mon 16p phu cua cac copolyme nay trong
nudc bién c6 thé didu chinh dwoc dya trén cdu tric cia copolyme va ti 1& mol ctua don vi

tBDMSMA trong copolyme.

Tir khéa: Trung hop chuyén mach cong-tach thuan nghich, copolyme khéi, copolyme c6 kha ning

thiy phan.

1. it véan dé

So vé6i phuong phép tring hop gdc truyén
thdng, mot s6 phuong phép tring hop gdc hién
dai nhu tring hop gbc chuyén nguyén tir
(ATRP), tring hop géc st dung nitroxit (NMP),
tring hop chuyén mach cong-tach thuén nghich
(RAFT) cho phép kiém soét khdi lwong phén tir
va tong hop nhiéu loai polyme ma tring hop
gbc truyén théng khong cho phép nhu
copolyme khdi, copolyme nhinh, copolyme
hinh sao... [1]. Trong sb cdc phuong phap nay,
tring hgp RAFT c¢6 uu diém 1a ddc biét thich
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hop v6i cdc monome ho metacrylat; cé thé thuc
hién phan ng trong cidc mdi truong khic nhau
va cho phép tao ra polyme véi khdi lugng phan
tir twong dbi 16n [2].

Gan day, cdc polyme chira cic nhém chic
c6 kha nang bi thiy phan trong nudc bién duoc
nghién ciru nhiéu trong linh vic son chéng ha.
Su thay phéan thuong kéo theo su hoa tan
polyme tir tir (sy bao mon) trong nude bién. Co
ché bao mon duogc chia lam hai loai : bao mon
bé mat va bao mon khéi (xay trong toan bo bé
day 16p phu) [3-4]. Bao mon bé mit thé hién
thong qua sy giam chiéu day 16p phi bién ddi
tuyén tinh theo thoi gian trong khi bao mon
khoi thi khdi lwong 16p phi giam nhanh va
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khong c6 sy tuyén tinh theo thoi gian. Qua trinh
bao mon phu thudc vao sy khuéch tdn cua céc
phan tir nudc vao trong cau triic 16p phit va su
hoa tan polyme bi thity phan. Néu qud trinh
khuéch tén xay ra nhanh hon qué trinh thiy
phén trong polyme thi s€ x4y ra sy bao mon
khéi. Nguoc lai néu qud trinh thiy phéan trong
polyme dién ra nhanh hon thi s& xdy ra su bao
mon bé mat.

Mot sb nghién ctu chi ra ring cic
copolyme chwra trialkylsilyl acrylat hay
trialkylsilyl metacrylat ¢6 thé dwoc sir dung 1am
chat tao mang cho son chng ha diing dé bao vé
cho tau thuyén va cic két ciu ngam dudi bién
[5]. Cac copolyme loai nay chtta nhém churc
silyl este c6 thé bi thily phan trong mdi truong
nuée bién. Polyme ban ddu khéng wa nudc sau
khi bi thily phan c6 thé tan trong nuéc do cic
nhém este chuyén thanh cic nhém cacboxylat
ua nude. Nho tinh chit nay, cdc chat chdng ha
tron trong son c6 thé dugc giai phéng dan ra bé
mdt ngdn can sy dinh cu va phat trién cta vi
sinh vt 1én bé mat vat licu. Trong bai bdo nay,
chiing t6i tong hop cic copolyme ngiu nhién va
copolyme khéi chira MMA va tBDMSMA bing
phuong phap trung hgp RAFT va nghién ctu
tinh chit bao mon cua ching trong mdi trudng
nuéc bien.

2. Thue nghiém
2.1. Héa chat

Héa chit dwoc cung cip boi Aldrich va
Acros. MMA va toluen duoc tinh ché bang cach
chung cit dudi 4p suat thap. 2,2'-Azobis(2-
metylpropionitrin) (AIBN) dugc tinh ché bang
phuong phdp két tinh trong metanol.
tBDMSMA duoc tong hop tir MMA va fert-
butyldimetylclosilan theo quy trinh céng bd tai

[6]. Cumyl dithiobenzoate (CDB) 99% duogc
cung cip boi Aldrich va duoc st dung truc tiép.

2.2. Quy trinh t(fng hop copolyme

Tong  hop  copolyme  ngdu  nhién
PtBDMSMA-s-PMMA (TN1). Cho vao binh
dinh mtrc (50 mL) 5,62 g (5,62 x 10 mol)
MMA, 3,74 g (1,87 x 10> mol) TBDMSMA,
31,6 mg (1,93 x 10* mol) AIBN, 2625 mg
(9,65 x 10" mol) CDB va thém toluen dén vach
mirc. Chuyén dung dich sang binh cdu 100 mL
c¢6 trang bi khudy tir va dugc két ndi véi hé
thdng suc khi nito. Suc khi nito trong 45 phiit
dé loai oxi roi thyc hién phan tmg & 70°C trong
48 gio. Két thic phan tmg bang cdch 1am lanh
binh phan tng va m& cho tiép xic voi khong
khi. Két tia copolyme tao thanh trong hdn hop
pentan/metanol (10/90 v/v), loc 1o séy chan
khong & 30°C trong 24 gio.

Tong hop copolyme khoi PtBDMSMA-b-
PMMA 20/80. Chuan bi dung dich gdc trong
binh dinh mirc 20 mL gébm 6,02 g (0,03 mol)
tBDMSMA, 490,3 mg (18,0 x 10™* mol) CDB,
59,1 mg (3,6 x 10" mol) AIBN va toluen.
Chuyén dung dich sang binh cau 100 mL c6
trang bi khudy tir va duoc két ndi voi hé thong
suc khi nito. Suc khi nito trong 45 phuit dé loai
oxi r0i thyc hién phan g & 70°C trong 48 gio.
Tiép theo thém 20 mL dung dich da suc khi nito
dé loai bo oxi gdm 12,01 g (0,12 mol) MMA,
59.1 mg (3,6 x 10™* mol) AIBN va toluen vio
binh phan tmg va tiép tuc thuc hién phan tmg
trong 96 gid. Két thiic phan tmg bang céch 1am
lanh binh phin mg vad mé cho tiép xic véi
khong khi. Két tia copolyme tao thanh trong
hdn hop pentan/metanol (10/90 v/v), loc rdi sdy
chén khong & 30°C trong 24 gi¢. Cic copolyme
khéi PtBDMSMA-b-PMMA véi ti 1& 30/70,
40/60 va 60/40 dugc tong hop bang quy trinh
tuong ty, thanh phan cic chat tham gia phan
ung dugc trinh bay trong bang 1.
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Bang 1. Piéu kién thuc nghiém téng hop copolyme khdi PBBDMSMA-b-PMMA bing phuong phap RAFT sir
dung CDB lam chat diéu chinh mach ¢ 70°C trong dung moi toluen.

Budc 1. Tao homopolyme PLBDMSMA

Budc 2. Tao copolyme khoi

N Tilémol Vigne = 20 mL, t = 48h Vigne = 40 mL, t = 96h
tBDMSMA/MMA (BDMSMA CDB AIBN MMA AIBN
(mol) (mol) (mol) (mol) (mol)
2 20/80 3,0x 1072 18,0x 10 3,6x10*  12,0x 107 3,6 x 107
3 25/75 3,0x 1072 8,8 x 10" 1,8x 10*  9,0x 107 1,8x 10*
4 40/60 3,0x 102 10,0 x 10* 20x10* 45x107 2,0x 10™
5 60/40 3,0x 102 8,0x 10 1,6 x 10*  2,0x 107 1,6 x 10*

2.3. Nghién cuu sy bao mon trong moi truong
nuwoc bién

Chudn bi mdu. 5 g copolyme dugc hoa tan
trong 12 g toluen. Thém vao dung dich mot
lugng TiO, c6 khbi lugng bang 5% khdi luong
copolyme. Hon hop dugce quét phu 1én xi lanh
hinh tru duong kinh 5 cm bang thép khong gi
da dugc phu 16p son chdng gi va tao su gan két
v6i 16p son chdng ha. Thyc hién qua trinh quét
phii 3 1an dé dat duoc chiéu day 16p phi (khi
khd) ndm trong khoang 50 - 100 um. Xi lanh
phii copolyme duoc sdy kho & nhiét d6 phong
dén khdi lwong khong d6i (khoang hai tuan)
trude khi thyc hién thi nghiém bao mon.

Nghién cvuu sy bao mon. Thi nghiém dugc
thyc hién trong nudc bién nhén tao & pH=8.3
dugc chuan bi theo tiéu chuan ASTM D1141-
98. Xi lanh nhing ngip trong bé nudc bién
nhén tao 60 L va duoc gin vao mb to. Trong 24
gio ddu cho mod to quay ¢ van toc 80 vong/phuit
dé hé duoc tham udt sau d6 quay & van tdc 650
vong/phit twong tmg van téc khoang 25-30
km/gid. Theo thoi gian, Iy xi lanh ra khoi thiét
bi, trang bang nudc cat, thim kho & nhiét do
phong rdi do chiéu day 16p phi.

2.4. Thiét bi phan tich

Phd cong huong tir hat nhin proton (‘H
NMR) dugc do trén may Bruker Avance 400

MHz trong dung méi CDCl; hoic DMSO-d°® &
nhiét do phong. Khéi lugng phan tir trung binh
s6 va khdi (M, va M) va chi s6 phan bd khi
luong (M/M,) dugc xac dinh béng thiét bi séc
ki tham thau gel (GPC, Viscotek TDA302). Pha
dong 1a THF véi tbc d6 bom 1 mL.min™.
PMMA cung cdp boi Polymer Laboratories
(M, tlr 620-3,6x10° g.mol™") dugc sir dung lam
méu chuan so sanh. Chiéu day 16p phu dugc do
bang thiét bi Elcometer 355.

3. Két qua nghién ciru va thio luin

Su tao thanh copolyme dugc danh gid thong
qua phé 'H NMR ciia san pham. Tir hinh 1 ¢6
thé thdy copolyme da dugc tao thanh thong qua
su xuét hién cdc pic dic trung cho proton ciia
nhom dimetyl (CHj3),Si- trong tBDMSMA ¢ do
chuyén dich héa hoc 0,22 ppm va cta nhém -
OCH; trong MMA ¢ 3% chuyén dich héa hoc
3,59 ppm. Tu dién tich pic (I) cta hai loai
proton niy c6 thé tinh dugc ti 16 mol cua hai
monome thanh phan trong copolyme theo cong
thirc sau:

1,/6

%tBDMSMA = ——>— % 100
% 1,/6 + 1,/3
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Hinh 1. Phé 'H NMR ctia copolyme PtBDMSMA-b-PMMA 25/75.

Béng 2. Két qua tong hop copolyme pgﬁu nhién va copolyme khdi bang phuong phdp RAFT sir dung CDB lam
chat diéu chinh mach ¢ 70°C trong dung mdi toluen

M, D chuyén héa D6 chuyén hoa Tilé mol tBDMSMA/MMA iy

TN iy MM, (BDMSMA MMA (% - |
(g.mol’) (%) (%) Ban dau Copolyme copolyme

1 11500 1,16 85 82 25/75 26/74 Ngau nhién

2 14000 1,07 99 97 20/80 21/79 Khoi

3 18500 1,10 98 89 25/75 27173 Khoi

4 15300 1,07 98 92 40/60 42/58 Khoi

5 16400 1,08 98 89 60/40 63/37 Khoi

D6 chuyén héa va thanh phan mol duoc xac
dinh bang '"H NMR; khéi luong phan tir (M,) va
chi s6 phan bd khdi lugng (M,/M,) xdc dinh
bang GPC.

Két qua téng hop copolyme ngau nhién va
copolyme khéi bang phuong phép tring hop
RAFT sir duyng CDB 1a chit kiém soat mach
duoc trinh bay trong bang 2.

Vé6i copolyme ngiu nhién P(BDMSMA-s-
PMMA, hai monome dugc dua vao hé cung lic
va phan ung tring hop dién ra dong thoi, sy
phin bd hai loai don vi monome trong

copolyme 12 ngau nhién. Két qua thu dugc cho
thiy d6 chuyén héa ctia monome sau 48 h chi
dat khoang 82%. Tuy vay, copolyme thu dugc
s phan bd khdi lugng thap
(M/M,=1,16) chimg td cidc mach copolyme
ddng déu va dugc kiém sodt tot.

c6 chi

Dbi véi cdc copolyme khdi, phan tng trai
qua hai budc. Budc thir nhat 12 qua trinh triing
hop tBDMSMA. O buéc nay do chuyén héa
gan nhu hoan toan sau 48 gio. Budc tiép theo 1a
thém monome thtt 2 vao h¢, su tao thanh
copolyme khdi (thé hién dic tinh song ciia qud
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trinh tring hop) dugc khang dinh thong qua sic
ki @6 GPC ¢ hinh 2. San pham & buéc 2 chi cho
mdt pic duy nhét chiing té chi c6 mot san pham
copolyme tao thanh chir khong phai hon hop
hai homopolyme. Pic ciia san phim nay ciing
dich chuyén vé phia thoi gian luu nhé hon so
véi pic cua PEBDMSMA tao thanh & budc 1,
nghia 1a n6 c6 khoi lugng phén tir 1én hon, mot
lan nita khang dinh su tao thanh copolyme khdi.

0.4

Budc 1: PBDMSMA

Budc 2: PtBDMSMA-b-PMMA 25/75

0.3

0.2 1

Tin hiéu RI

0.1

0.0 T T T
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Hinh 2. Sic ki @ GPC cua copolyme khéi
PtBDMSMA-b-PMMA 25/75 (TN3).

(|3H3 C|>H3 nuoc bien
o For b
| 'm | °n pH=8.3
-
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CH,

Céc copolyme khdi nay ciing dugc kiém
sodt tot, mach copolyme dong déu thé hién qua
chi s6 phan bd khdi luong thip (bang 2). Ti 18
mol ciia monome thanh phan trong copolyme
c6 sy thay doi nhe so v&i hon hop monome ban
dau do & budc thir 2 monome MMA phan {mg
khoéng hoan toan.

Tiép theo ching t6i nghién ciru sy bao mon
cua cidc copolyme nay trong mdi truong nudc
bién. Copolyme dugc pha 1én xi lanh va cho
quay v6i van toc 650 Vong/phut (tuong Gng Vorl
ma sit khi tau bién di chuyén véi van toc
khoang 25-30 km/h) dé theo doi sy giam bé day
16p phti qua d6 dénh gid téc d6 bao mon 16p
mang. Khi 16p mang copolyme tiép xdc véi
nude bién s& dién ra qué trinh thdm udt, nhom
chitc  este  tert-butyldimetylsilyl  trong
PtBDMSMA bi thiy phan tao thanh nhém
cacboxylat wa nuée (hinh 3). Lép mang bé mat
nay s& hit nudc, truong nd va tan dan vao nudc
bién lam xudt hién 16p bé midt méi ciing véi su
1@p lai qué trinh bao mon trén.

CH CH3 CHg CH3CHj

CH3
__(Na*, OH)_ o O PN T
—fHe c—]—[—oH2 o—]— + HeC ? slu 0 sl,u ? CHs

C o) CH3CHs CH3CH;

| I
O'Na* OCHg

Hinh 3. So d6 sy thuy phan ciia copolyme chira PIBDMSMA trong méi trudng nudc bién.

Dé danh gid cdc anh huong cta yéu t6 cau
tric mach copolyme va ti 16 nhdm thiy phan
dén téc d6 bao mon ching ti thuc hién thi
nghiém véi hai loai copolyme ngau nhién va
copolyme khéi véi ti 1¢ PIBDMSMA thay dbi
tir 20% dén 60% mol. Két qua duoc so sanh véi
copolyme co thiéc (12 copolyme chéng ha hiéu
quéa nhét tuy nhién da bi cdm sir dung tir nim

2008 do doc tinh cua thiéc) va duoc thé hién
trén hinh 4.

DP&i véi copolyme PtBDMSMA-b-PMMA
40/60 va 60/40 do ti 1¢ PP BDMSMA cao nén l6p
pht gion, mit v& (vi PPBBDMSMA cé nhiét do
thiy tinh héa cao 142 °C), kha nang bam dinh
kém nén bi bong ngay khi dua vao mdi truong
nudc bién (khdng trinh bay trong hinh 4).
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< Copolyme thi?c B PtBDMSMA-b-PMMA 25/75
60 4 PtBDMSMA-b-PMMA 20/80 ® PtBDMSMA-s-PMMA 25/75

Chiéu day 16p phii (um)
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Hinh 4. Thi nghiém bao mon theo d&i sy giam chiéu
day 16p phu theo thoi gian.

Két qua trén hinh 5 cho thay copolyme ngiu
nhién co ti 1€ 25/75 bi bao mon rAt nhanh, chi
sau khoang 10 ngay 16p phu day 45 pm da bi
bao mon hét (4,5 pm/ngay). Trong khi d6 cic
copolyme khdi c¢6 cling ti 1¢ mol PEBDMSMA
bi bao mon cham, voi tdc d6 tuong duong tde
d6 bao mon cua copolyme thiéc (~0,38
um/ngay). Hién tugng nay cé thé dugc giai
thich 1a do ¢6 sy khdc nhau vé hinh thdi céu
tric gitta hai loai copolyme. Trong copolyme
ngau nhién cdc don vi monome tBDMSMA c6
thé tich 16n dugc sip xép ngau nhién giira cic
don vi monome MMA nén cu triic phan tir s&
¢6 nhiéu khoang tréng tao diéu kién cho su
khuéch tdn cdc tic nhan thay phan vao bén
trong ciu tric 16p phu din dén c6 sy thuy phan
khdi nhu da néu trong phan gidi thiéu. Nguoc
lai copolyme khéi voi hai khdi polyme thanh
phan trong d6 ti 16 PPBDMSMA nho hon 30%
nén s€ c6 sy phan tich pha. Cic mach
PtBDMSMA tdp hop lai v6i nhau nhung do
chiing gén véi PMMA théng qua lién két cong
héa tri khong thé tach roi nhau nén s& tao thanh
hinh théi c4u triic dang céc vién bi PPBDMSMA
phan tdn trong nén PMMA. Dang hinh théi cau
tric nay han ché tdc do khuéch tén ctia cdc phan
t&r nude vao trong cau triic. Tuy nhién khi nudc

da tiép xiic voi ving PLBDMSMA thi phan (g
thity phan dién ra (nhanh hon téc d6 khuéch
tdn) va c6 sy bao mon bé mat. Khi ti 1€ mol
PtBDMSMA ting (>40%) thi hinh théi cAu tric
nay khong ton tai nita nén lai s€ lai c6 hién
twong bao mon khéi véi toe d0 bao mon cao.

4. Két luan

P tong hop duoc copolyme ngiu nhién va
copolyme khdi tir tBDMSMA va MMA véi
khéi lugng phén tir duge kiém sodt va céc ti 16
mol khac nhau tir 20/80 dén 60/40 bang phuong
phdp tring hop RAFT. Két qua nghién ctru su
bao mon cho thay céu tric va thanh phan cua
copolyme c6 anh huéng 16n t6i kiéu bao mon
va tbc do bao mon. Copolyme ngiu nhién cé
kiéu bao mon khdi, trong khi copolyme khdi
voi ti 16 tBDMSMA thép lai c¢6 kiéu bao mon
bé mat. Ti 1¢ PPBDMSMA trong copolyme cang
16n thi tbc d6 bao mon cang cao. Nghién ctru
ciing chi ra rang nhitng copolyme khéi vai ti 18
PtBDMSMA duéi 40% mol sé& thich hgp dé sir
dung 1am mang son chdng ha.
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Abstract: This work focuses on the synthesis and the study of erosion properties of hydrolysable
copolymers consisting of methyl methacrylate (MMA) and tert-butyldimethylsilyl methacrylate
(tBDMSMA). The statistic and diblock copolymers with narrow molecular weight distributions and
controlled number-average molecular weight were synthesized by Reversible Addition-Fragmentation
chain Transfer (RAFT) polymerization method. The obtained results showed that the erosion rate of
these copolymers in seawater could be modulated by the structure of copolymer and by varying the
molar proportion of tert-butyldimethylsilyl methacrylate moiety.

Keywords: Reversible addition-fragmentation transfer (RAFT), block copolymers,
hydrolysable copolymers.



