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Tém tit: Bai bdo trinh by két qua nghién ciru vé tong hop va danh gid mt so tinh
chit theo yéu cau ky thudt cia nhwa Td-60 (LB Nga) doi véi nhwa poly(ethylen
terephthalat-co-ethylen sebacat) copolyeste dioc téng hop trong phong thi nghiém. Cdu
triic va 1y 1é cua thanh phan terephthalat (T) va sebacat (S) dé dwoc chitng minh va xdc
dinh bang phé *H NMR. Anh huong ciia ty 1é T/S 1én cdc tinh chdt nhiea, tinh chit keo dén
ciing dwoc khdo sat. Tir cac két qud nay chi ra rang, nhwa poly(ethylen terephthalat-co-
ethylen sebacat) copolyeste c6 1y 1¢ T/S tir 60/40 dén 70/30 dép g dwoc cdc yéu cau ky
thudt ciia nhwa TD-60 va cé thé sir dung dé thay thé loai nhua nay.

Tur khéa: T®-60; Poly(ethylen terephthalat-co-ethylen sebacat); Copolyeste; Keo dan.
1. PAT VAN PE

Polyeste 1a san phdm phan tmg tir diaxit va cac hop chit mang nhidu nhom hydroxyl. Keo dan
polyeste duoc phan thanh hai loai: polyeste no (nhya nhiét déo) va polyeste chua no (nhya nhiét
ran). Polyeste chura no 1a cac oligome dugc lam tir cac diol va cac diaxit chua no, thong thudng
1a alhydrid maleic. Loai keo dan tir polyeste chua no can sur dung thém chat dong ran (xuc tac
dong rén), thuong 1a styren. Polyeste no la san pham phan tmg cia mot di-axit va mot di-alcohol
no hodc glycol, chung ¢6 thé dugc sur dung 0 dang keo dung moéi hodc keo chay nong [1]. Keo
dan 12 mot ing dung rat nho trong rat nhidu tmg dung cua nhya polyester nhu: san xudt soi, bao
bi, mang bao goi va cac loai vat liéu k¥ thuat tién tién khac nhu: vat liéu t6 hop (composr[) mang
ky thuét dung trong cdc nganh cong ngh¢ cao. Keo dan polyester két hop dugc mot s tinh chét
uu viét ma nho do cac loai keo dan khac khong thé thay thé dugc hoan toan chung nhu: st dung
dugce trén nhiéu loai bé mat khac nhau, ké ca boi nhya vinyl hoa déo; c6 kha nang chéng nudc
cling nhu nhiéu loai hoa chat, dung mai tét; kha ning chdng nhiét, chéng UV cao; kha ning lam
viéc & nhiét do rong; tinh chat dién tét,... [1].

Nhua polyethylen terephthalat (PET) la mét polyester dién hinh voi nhleu tinh chat wu viét.
Chung dugc tim thy trong rat nhiéu ing dung khac nhau va mot phan rit nho trong do6 1a keo
dan. Tuy nhién, do d6 bén dung mai rat cao, rat khé dé hoa tan loai nhwa nay nén ching khong
thé dung & dang keo dung méi. Chung ciing c6 nhiét d6 néng chay 1én dén 265 °C nén khdng
thuan tién dé lam keo chay nong. Dé két hop duoc cac tinh chat uu viét ciia nhya PET trong tng
dung keo dan, chung thudng dugc bién tinh hoa hoc véi mot sd tic nhan khéc, trong d6 co cac
loai monome 14 c4c diaxit mach thing. K. W. Klimisch [2] dé sir dung loal copolyeste tur sebacic
axit va terephthalic axit lam keo dan dé ché tao vat liéu laminat tir cac tim dong va nhya PET.

Nhya T®-60 1la mot trong méot s it loai keo dan trén co s copolyeste dugc ché tao tur rat 1au
st dung cho cac méi dan nhya-kim loai va dugc st dung kha nhiéu trong cac trang bi k¥ thuat
quan sy. Nhya T®-60 dugc tong hop tir qua trinh dong tring ngung dimethyl terephthalate,
sebacic axit va ethylene glycol [3]. Mot sb tinh chét ciia nhya nay duoc trinh bay nhu trong bang
1. Nhua T®-60 hién nay van dang dugc str dung trong mot sé nha may qubc phong cho muc dich
san xudt va stra chita cac loai vii khi trang bi k¥ thuat. Loai vat tu ndy van dang phu thudc vao
ngudn nhap khau tir LB Nga. Tuy nhién, nhya T®-60 hién nay khong con dugc tong hop nhiéu,
cht yéu chi dugc ché tao khi c6 don dat hang chir khong c6 sin nén thoi gian cho dap ting cta
loai nhy nay rat 1au. Béi thé, viée nghién ctru ché tao loai nhya tuong duong TP-60 nham thay
thé ngudn nhap khiu 1a mot yéu ciu cap thiét.
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Bing 1. Tinh chat keo T®-60 [3].

Tinh chat Mirc Phwong phap
Ngoai quan Vién mau vang dén nau nhat TV 6-05-211-895-79, Muc 4.3
Do tan trong dung moi Tan hoan toan TV 6-05-211-895-79, Muc 4.4
methylen chlorid
Nhiét do nong chay, °C, 145 I'OCT 18995.4-73
khong nho hon
Do nhot, dL/g 70-120 T'OCT 18249-72

Trong nghién clitu nay, nhua copolyeste trén co s& DMT, SbA va EG véi ty 1é DMT/SbA
khac nhau duoc téng hop. Mot s6 tinh chét dac trung ctia nhya T®-60 dugc st dung dé danh gia
tir d6 Iya chon dugc loai copolyeste co ty 16 DMT/SbA phut hop dé ché tao nhya copolyeste cho
muc dich 1am keo dan thay thé cho T®-60.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit

- Dimethyl terephthalate (DMT, 99%, Macklin — Trung Quéc);

- Sebacic axit (SbA, 98,5%, Macklin — Trung Qudc);

- Ethylen glycol (EG, 99%, Macklin — Trung Qudc);

- Tetrabutyl titanat (TBT, 99%, Macklin — Trung Qudc);

- m-cresol (98,5%, Macklin — Trung Qudc);

- Methylen chlorid (98,5%, Macklin — Trung Qudc);

- Diethyl ether (98,5%, Macklin — Trung Quéc).

2.2. Phwong phap nghién ciru
2.2.1. Téng hop copolyeste [4]

Nhua copolyeste duoc tong hop trong binh ciu 3 ¢d duoc gin canh khudy co hoc, dau cat (nbi
sinh han va binh cﬁu), dau suc khi N2. Cho hoa chat gém: DMT, SbA, EG, TBT vao binh cu,
trong do: ty 16 DMT/SbA thay ddi tir 75/25 dén 45/55 theo s6 mol, ty 16 EG st dung bang 2 lan
tong s6 mol DMT va SbA, ty 1€ xte tac TBT 1,5 g/mol (tong DMT va SbA). Hon hop phan tng
dugc gia nhiét 1én 150 °C két hop khudy tron va thoi khi No. Luc ndy, cac tién chat déu hoa tan
tao thanh dung dich dong nhat. Phan tng dién ra déng thoi ting dan nhiét do phan tmg 1én 200 °C,
san pham phu duoc cét ra binh cAu qua bd cat. Qua trinh ting nhiét do tién hanh chdm dé tranh
su thing hoa cia DMT. Phan tmg hoan thanh khi luong san phdm phu (gdm nudc, methanol)
dugc cit ra tuong duong voi lugng tinh toan theo 1y thuyét.
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Hinh 1. Phan vng trong giai doan 1.

Sau khi két thuc giai doan este hoa (va trao doi este), chuyen sang giai doan trung ngung: ngit
déu théi khi, két nbi bo cat véi bom hut chan khong. Tién hanh ting dan nhiét do tir 200 °C Ién
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260-270 °C (phu thudc xiic tc) dong thoi gidm 4p sudt xudng 100 Pa. Qué trinh thay doi nhit do
va ap sudt cua hé phan ng phai tién hanh rat chdm dé tranh hién tuong trao hon hop phan tng
sang bo cat.
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Hinh 2. Phan iing tring ngung tong hop PET-co-PES.
2.2.2. Phan tich phé *H NMR [5]
~San pl}ém sau phan tmg duoc dé ngudi va hoa tan trong dung méi methylene chlorid sau do6
két ta bang dung moi diethyl 9ther. Két tua dugc loc hat chan khong, rira lai nhiéu lan bang
dung mdi diethyl ether sau d6 sdy ¢ nhiét d6 55°C trong 4 gio. Mau nghién ctru dugc ghi pho H
NMR trén nén dung méi CDCls sir dung tetramethylsilan (TMS) lam chat chudn. Cac dinh tin
hié¢u pho '"H NMR ctia mau dic trung cho so luong va vi tri cia nguyén tir H trong mach chinh.
Do cau trac hoa hoc nén nguyén tir H trong cac doan cua terephthalate, sebacat va ethylen s& co
do dich ghuyén héa hoc khac nhau. Dya vao cuong d6 tin hiéu ctia pho co thé xac dinh dugc
thanh phan cac doan nay trong mach chinh cua copolyeste.
2.2.3. Phuong phap xdc dinh do nhot noi [11]

Do nhét noi 1a dai lugng dic trung cho khéi lugng phan tir ciia copolyeste. C6 nhiéu phuong
phap khac nl}au dé xac dinh d6 nhdt ndi. Trong nghién ctu nay, do nhét ndi duge xac dinh sir
dung nhét ké mao quan Ostwald, dung dich 0,5 % theo khoi luong nhua copolyeste trong m-
cresol. B9 nhadt ndi dugc tinh theo phuong trinh Billmeyer [6]:

_0,25(n, — 1+ 3inn,)

c
Trong dé: n 1a do nhét ndi ctia copolyeste, cm?/g;

(4)

1, 1a d6 nhét twong dbi, n, = t/to V6i t, to 1an luot 13 thoi gian chay trong nhdt két mao qua
cua dung dich va dung moi, s;

C 1a ndng d6 dung dich copolyeste, g/ cm®.
2.3.4. Phwong phap xdc dinh nhiét do nong chady

Nhiét do nong chdy cua nhya copolyeste dugc xac dinh bang phwong phap ng mao quan
theo tiéu chuan GOST 18995.4-73 [7]. Mau nhwra duoc nghién min trude khi cho vao dng mao
quan. Két qua do 1dy 1a trung binh sé hoc cta hai 14n do sai 1éch nhau khéng qua 0,5 °C.

2.3.5. B6 bén kéo béc

D bén kéo boc duoc xac dinh trén mbi dan nhwa-kim loai. P9 bén nay duoc xac dinh theo
ti€u chuan GOST 411-77 [8]. Cac mau kim loai dugc rira sach dau md, bui ban. Ca mau kim
loai va nhya déu rua lai sach bang dung méi aceton. B bén kéo bdc cua moi dan dugce xac
dinh theo cong thuc:
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Trong d6: o 1a @6 bén kéo boc ciia mdi dén; F Itic kéo cuc dai dat duoc; b kich thudc chiéu
ngang cua moi dan.

no =

2.3.6. Phuong phap xac dinh tinh tan cua nhya copolyeste

Tinh tan ctia nhwa copolyeste trung dung méi methylen chlorid dwoc xac dinh theo tiéu chuan
TV 6-05-211-895-79 (muc 4.4) [3]. Theo do, tinh tan dugc the voi mot luong (4,000+0.005) g
nhua copolyeste trong 73 cm® dung moi methyl chlorid, ngdm va lac trong vong 2 gio. Mau nhya
duoc coi la tan néu toan by luwgng nhya tan tao thanh dung dich dong nhat.

3. KET QUA VA THAO LUAN

3.1. Két qua phan tich phé ‘H NMR

Pho 'H NMR ciia mau copolyeste duge trinh bay nhu trong hinh 4. Trong d6, cac dinh cuc
dai tai vi tri 6=8,1 ppm déc trung cho cac nguyén tir H trong vong thom cua doan terephthalat-T
(4H), cac dinh cuc dai tai 6=4,2+4,7 ppm dac trung cho nguyén tir H trong doan ethylen-E (4H),
dinh cuc dai tai vi tri 6=2,30+2,4 ppm dic trung cho nguyén tir H tai cic nhom CH» canh nhém
carboxyl trong doan sebacat (4H), cac dinh cuc dai tai 6=1,2+1,6 ppm dac trung cho cac nhom
CH; ¢ gitra trong doan sebacat-S (12H).

Céc thong sb vé gia trj tich phan cua cac dinh cuc dai didc trung duoc chi ra trong bang 1. Ty
1¢ trung binh giita doan terephthalat (T) va doan sebacat (S) trong c4u tric ciia mach copolyeste
duoc tinh theo cong thuc:

fr/,
Ty 18 T/S = L
S

(6)
Ng
Trong d6: I7, Ig lan luot 1a chi sb tich phéan trong doan T va doan S;
nr, ng lan lugt 1a s6 nguyén tir H trong doan T va doan S.

Bing 2. Cdc ddc trung phé *H NMR ciia copolyeste.

Ty 1€ DMT/SbA 75/25 70/30 65/35 60/40 55/45
Gia tri tich phan

- DPoan (T) 4,32 55 4,81 2,62 3,28

- (PoanS) 4,54 7,42 7,89 5,68 8,13
Ty 1€ T/S” 74,1/25,9 69,0/31,0 64,7/35,35 58,1/41,9 54,8/45,2

Ph6 *H NMR trong hinh 1 cho thiy cac loai copolyeste véi ty 16 DMT/SbA khac nhau nhung
cac dinh cuc dai déu tap trung ¢ cac vung chinh cé do dich chuyén héa hoc dac trung cho cac
thanh phan terephthalat, ethylen, sebacat trong mach chinh cta copolyeste. Ngoai ra, chi c6 thém
cac tin hi€u pic tai vi tri 6=7,26-7,27 ppm déc trung cho dung mé6i CDClsva vi tri $=0 déc trung
cho chat chuan TMS. Khéng c6 su xuat hién cac dinh cuc dai dic trung cho nguyén tir H trong
nhom hydroxyl (khoang 5,4 ppm) hodc carboxyl (khoang 11,8 ppm) hodc methyl trong phan tir
dimethyl terephthalat (khoang 3,8 ppm) [9].

Gia tri tich phan cta cac dinh cuc dai dugc thé hién nhu trong bang 1. Tu cac gia tri nay tinh
duoc ty 1€ cac doan terephthalat (T) va doan sebacat (S) trong phan tir copolyeste theo cong thirc
(1). Ty 1&¢ T/S tinh todn dugc cho thiy luén c6 mot sy suy giam nho ddi véi thanh phan
terephthalat trong san phdm so véi trong tién chét ban dau. Diéu nay dugc 1y giai 1a do sy mat
mat tién chat DMT tir qua trinh thang hoa cua chiing [10].
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Hinh 3. Pho céng huong tir 'H NMR nhira polyeste ty 1é DMT/ShA khdc nhau.
3.2. Anh hwéng ciia ty 1&¢ T/S 1én tinh chit nhya copolyeste
Két qua khao sat anh huong cua ty 1¢ T/(T+S) 1én do nhdt ndi cua copolyeste duge thé hién
nhu trong d6 thi hinh 4.
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Hinh 4. Anh hwong cua ty 1é T/S lén do nhot noi.

Két qua nay cho thay, v6i mach copolyeste c¢6 ty 16 T cang cao thi dd nhét ndi c6 xu hudng
tang nhe. Trong khoang thanh phan khao sat, d6 nhdt ndi cua copolyeste ting tir 79 dén 88 cm?/g
khi ting ty 18 terephthalat tir 54 dén 74 %. Khoang dd nhét ndi nay hoan toan dap ung duoc yéu
cau k¥ thuat ctia nhya Td-60 nhu trong bang 1. Su gia ting ty 1& phan terephthalat ciing lam ting
nhié¢t d§ noéng chay cua copolyeste. Sy dnh hudng nay dugc gidi thich 1a do hi¢u ing lam cung
ctia nhom phenyl gy ra [4, 6]. Nhiét d6 nong chay ciia nhua copolyeste ting gin nhu tuyén tinh
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tir 132 °C 1én 185 °C khi ty 1€ terephthalat trong nhya copolyeste tang tir 54 1én 74%. Tai ty 1¢
terephthalat chiém 58% thi nhiét d6 nong chay ciia nhya 1a 142 °C, bang phép noi suy co thé thiy
dugc rang, voi ham luong terephthalat tur xap xi 60% tré 1én thi nhiét d6 nong chay cua nhya s€
cao hon 145 °C, dép ung yéu cau ky thuat cua nhya T®-60 nhu trong bang 1. Qua két qua khao
st nay cho thdy, dé nhwra copolyeste dap tmg duoc yéu cau vé nhiét do nong chay thi ham luong
phan terephthalat trong mach chinh nén 16n hon 60%.
3.3. Anh hudng ciia ty 18 T/S 1én tinh chit keo dan
Anh hudng cua ty 1¢ T/S trong thanh phan copolyeste 1én tinh tan va d¢ bén mdi dan cua
chung duoc trinh bay nhu trong bang 3. Két qua khao st cho thay, v6i nhua copolyeste ¢o ty 16
T/S=74,1/25,9 khong tan trong dung mdi methyl chlorid, trong khi do, nhya copolyeste c6 ty 1€
T/S=69/31 va thap hon déu tan hoan toan trong dung mdi nay. Két qua khao st ciing cho thdy,
d6 bén mbi dan giam tir 7,8 kg/cm xudng chi con 5,2 kg/em khi ting ty 18 S tir 31% 1én 45,2%.
Nhu vay ty 1é S ting lam giam tinh chat cia keo, tuy nhién, néu ty 1& S thap qua thi nhya
copolyeste lai khong tan trong dung moi.
Bing 3. Tinh tan va do bén méi dan nhwa copolyeste tai cdc ty 1é T/S khdc nhau.

Ty 1€ T/S 74,1/25,9 | 69,0/31,0 | 64,7/35,35 58,1/41,9 | 54,8/45,2
Tan trong CH,Cl; - + + + +
Do bén moi dan, kg/cm 7,8 7,1 6,5 52

Chu thich: (-) khdng tan; (+) tan hoan toan.
4.KET LUAN

Poly(ethylen terephthalat-co-ethylen sebacat) copolyeste véi ty 1€ terephthalat/sebacat khac
nhau da dugc tong hop va danh gia mot sd tinh chét dya trén nén tang yéu cau ky thuét danh cho
nhya TP-60. Phd *H NMR d3 duoc str dung va chitng minh dugc ciu triic ciia nhya copolyeste
tong hop duoc. Két qua phd nay ciing xac dinh dugc ty 18 thanh phan terephthalat/sebacat (T/S)
ctia san phdm nhya tong hop dugc. Két qua khao sat tinh d6 nhdt ndi cho thdy cac copolyeste
tong hop dugc déu théa man vé tinh chét nay. P4i v6i nhiét dd nong chay, chi nhimng copolyeste
¢6 thanh phan terepthalat khong nho hon 60% (ty 1& T/S > 60/40) méi dap tng duoc yéu cau db6i
v6i nhya Td-60. Két qua xac dinh tinh tan cta nhua copolyeste cho thiy véi nhya c6 thanh phan
terephthalat 74% thi tinh tan trong dung moi methylen chlorid rat kém, voi nhya co ty 18 nay tir
69% va thap hon déu tan t6t trong dung méi trén. Két qua xac dinh do bén médi dan cho thay ty 18
thanh phan sebacat ting lam giam d6 bén méi dan. Tir cac két qua nay co thé thay rang véi nhua
poly(ethylen terephthalat-co-ethylen sebacat) copolyeste c6 ty 1¢ T/S trong khoang 60/40 dén xap
xi 70/30 dép g duogc cac yéu cau ki thuat ciia nhya TO-60.

Léi cam on: Nhém tac gia cam on sw tai tro vé kinh phi va co s¢ vt g:hd’t ciia Hop phan Dy &n KH &
CN trong diéem cap Vién Han lam Khoa hoc va Céng nghé Viét Nam ma so TDANQP.01/20-22.
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ABSTRACT

PREPARING ADHESIVE BASED ON
POLY(ETHYLENE TEREPHTHALATE-CO-ETHYLENE SEBACAT) COPOLYESTER

The paper presents research results on synthesis and evaluation of some properties
according to the technical requirements of TP-60 resin (Russian Federation) for poly
(ethylene terephthalate-co-ethylene sebacate) copolyesters that were synthesized in the
laboratory. The chemical structure and ratio of terephthalate (T) and sebacate (S)
components were proved and determined by 1H NMR spectroscopy. The effect of the T/ S
ratio on the resin and adhesive properties was also investigated. The survey results
showed that poly (ethylene terephthalate-co-ethylene sebacate) copolyesters witha T/ S
ratio of 60/40 to 70/30 meet the TP-60 resin specifications and can be used to replace
this plastic.

Keywords: T®-60; Poly(ethylen terephthalate-co-ethylene sebacate); Copolyeste; Adhesives.
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