Nghién ctru khoa hoc céng nghé

NGHIEN CUU CHE TAO NHUA EPOXY BIEN TINH
BANG HQP CHAT SILAN DUNG TRONG SAN XUAT
KEO DAN HANG KHONG CHIU NHIET
NGUYEN BUC ANH Y, LUU VAN TUYNH ®, NGUYEN PHI LONG
1. PAT VAN PE

Ngay nay, cung véi nén khoa hoc hién dai, linh vuc nghién ctru va ing dung
vat li¢u cao phan tir c6 toc do phat trién rat nhanh. Mot trong nhitng san pham cua
cong nghé polyme nhéan dugc sy quan tdm 16n 1a epoxy.

Nhura epoxy 1a loai polyme mach thang c6 chita cac nhom epoxy ¢ cudi mach
v6i cac tinh chét co ly dac biét nhu kha nang bam dinh tot v6i hau hét cac loai vat
liéu, chiu tdc dung co hoc, bén nhiét, bén hoa hoc, cach dién, kha nang chiu mai
mon... Vi vay, nhua epoxy dugc sir dung rong réi trong moi linh vyc ky thuét dac
biét 13 cong nghé ché tao mang phu, vét liéu composit, keo dan két cau va cac nganh
ky thuét cao nhu dién, dién tu, hang khong, v try. Bén canh nhimg wu diém ndi troi
nhu trén, nhya epoxy van con c6 mot s0 nhuoc diém nhu gion, kha nang chiu nhiét
khong cao va chi thé hién cac uu diém vé tinh chat co 1y trong diéu kién tinh [1, 2, 6,
7, 8]. Vi vy, viéc nghién ctru bién tinh nhya epoxy dé khic phuc nhitng nhuoc diém
trén dang thu hit sy quan tam cua cac nha khoa hoc vat liéu, dac biét la trong linh
vue san xuat keo déan hang khong chiu nhiét. Cac giai phap dugc cong bd trong cac
cong trinh gan ddy nhu ding cac hop chit ctia phét-pho, hodc nhitng cau triic siloxan
phtc tap dé phan Gmg v6i nhya epoxy déu chua thyc su cai thién duoc tinh chat nhiét,
co 1y hodc quy trinh phan tmg doi hoi nhitng diéu kién kho khan, ton kém.

Bai bao nay trinh bay mot s6 két qua nghién ciru bién tinh nhya epoxy béng
mot chat bién tinh méi 13 hop chat silan chira clo, xay dung don pha ché keo chiu
nhiét trén co sé nhua epoxy bién tinh va danh gia mét sé tinh chat co 1y, nhiét cua
keo ché tao dugc.

2. THUC NGHIEM
2.1. Nguyén liéu, héa chat

Nhua epoxy diglycidyl ether of bisphenol-A (DGEBA) mac D.E.R 331 (Dow
Chemical, M$) voi ham lugng epoxy la 22.4+23.6%, chat bién tinh
dichlorodiphenylsilan DCDPS (Merck, CHLB Duc), chat xuc tac triphenylphosphin
TPP (Sigma-Aldrich, CHLB Bic), chat dong ran polyamide phan tir lugng thap L-
20 M (Lién bang Nga), toluen (Trung Qudc).

2.2. Phuong phap tién hanh

Hoa tan lugng nhya xac dinh Epoxy D.E.R 331 bang toluen khan. Sau d6, cho
luong nhya di hoa tan nay cung véi chat bién tinh DCDPS, xtc tic TPP vao binh
phan tng 4 cb. Két ndi hé phan ung véi sinh han, bat may khudy véi téc do 220
vong/phut, nhiét do phan mg & 60°C. Sau 24 gio, két thuc phan ng, dem rura, chiét
bang nudc cat roi dem cit quay & 130°C, ap suat 70 kPa dé loai nude, toluen dé thu
duogc san pham tinh khiét.
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Nhua epoxy bién tinh thu dugc 1 mot chit 1ong nhét mau nau d6 voi cac chi
tiéu k¥ thuat: Ham lugng epoxy 12,5%; ham luong silic 2,1%; phd IR (KBr):
1248,39 cm™ (C-O-C), 1120,39 cm™ (Si-0), 915,4 cm™ (nhom epoxy).

2.3. Pha ché keo chiu nhiét tir nhya epoxy bién tinh

Nhua epoxy da bién tinh dugce thém luong chat dong ran L-20M theo ty 1é xac
dinh roi khudy tron déu bang may khudy tir & nhiét do phong trong 5 phut. Cac mau
keo sau khi déng ran & nhiét d6 phong trong 36 gio duge dem di danh gia cac chi
tiéu vé nhiét va d6 bén co 1y.

2.4. Cac phuong phap do dac, danh gia

Ham luong nhém epoxy duge xac dinh theo tiéu chuan [11]. Ham lugng Si
dugc xac dinh theo tiéu chuén [10]. Phd hdong ngoai cua cic mau dugc ghi trong
viing 4000500 (cm™) trén may FTIR, NEXUS 670, Nicolet (M¥). D6 bén kéo dut
dugc xac dinh bang thiét bi GOTECH AI-7000-M (Pai Loan) [3]. Phan tich nhiét
TGA dugc tién hanh trén may TGA209F1 ctia hing NETZSCH (Drc).

3. KET QUA VA THAO LUAN

3.1. Xay dung quy trinh phan &ng bién tinh nhya epoxy bing DCDPS

3.1.1. Khdo sdt phdn teng bién tinh bing phé hong ngoai (IR)

Nhura epoxy bién tinh (DGEBA-Si), duoc tong hop bang phan tmg cong hop
ctia nhya DGEBA véi DCDPS sir dung TPP 1am chét xtic tac & 60°C trong 24 gio.
Phuong trinh phan mg ctia phan tng bién tinh dugc thé hién trong hinh 1.
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Hinh 1. So d6 phan tng bién tinh nhya epoxy bang DCDPS

Theo [9], ty 1& khi lwong epoxy:DCDPS = 6,67:1 dugc lya chon 1am co s¢ dé
khao sat phan ¢mg bién tinh nhwa epoxy D.E.R 331 bang DCDPS. Két qua chup phd
hdng ngoai dugc thé hién & hinh 2.
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Hinh 2. Pho IR cua nhya epoxy khi chua bién tinh (a) va sau khi bién tinh (b)

Hinh 2a cho thiy & mau nhwa epoxy chua bién tinh c6 céc pic 915,39 cm™ va
831,03 cm™ dic trung cho dao dong ctiia nhom epoxy va pic 1248,50 cm™ dic trung
cho nhom C-O-C.

Hinh 2b cho thdy & mau nhya epoxy sau khi bién tinh van ¢é cac pic 915,4 cm™,
830,77 cm™ va pic 1248,39 cm™ dic trung nay. Tuy nhién, mot dai phd méi xuét
hién & 1120,39 cm™ dic trung cho dao dong cua lién két Si-O. Két qua nay cho thiy
su hién dién cua silan trong khung mach epoxy va phan tmg bién tinh nhua epoxy
bang DCDPS di xay ra [4, 5].

3.1.2. Khdo sdt anh huéng ciia ty 1¢ ham luwong nhwa epoxy:silan (E:S) dén
phan ikng bién tinh nhwa epoxy biang DCDPS

Céc phan ung dugc thuc hién lan luot véi ty 1¢ nhya epoxy:silan thay ddi, cac
diéu kién khac khong ddi: Ty 1& xuc tac 1,5%; nhiét &6 phan tng 55°C; toc do khudy
220 vong/phut; thoi gian 24 gid. Két qua khao sat ham luong epoxy va ham lugng
silic ctia san pham sau khi bién tinh tai cac ty 1¢ khac nhau duoc liét ké trong bang 1.

Bang 1. Ham luong epoxy va ham lugng silic cua san pham sau khi bién tinh

Ty 1€ E:S
3,6:1 4:1 5:1 6,67:1 7,5:1
Tén chi tiéu
Ham lugng epoxy (%) 6,41 6,45 8,25 12,5 13,2
Ham lugng Silic (%) 3 2,7 1,8 2,1 1,4

Tuy theo muc dich sir dung nhwra epoxy bién tinh ma nhom tac gia s& lua chon
loai nhya c6 ham luong epoxy va ham luong silic phit hop dé d¢am bao cac tinh chat
co - ly, tinh chiu nhiét. Qua khdo sat ham lugng epoxy va ham lugng silic ciia nhya
SEDM-6 cua Lién bang Nga v4i thanh phan va tinh niang tuong tu [12, 13], nhdm
tac gia lya chon ty 1& khdi lwong nhua epoxy:silan 13 6,67:1 v&i ham luong epoxy
khoang 12,5% va ham lugng silic khoang 2,1% cho nhing nghién ciru tiép theo.
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3.1.3. Khdo sat danh huéng cua ty I¢ xuc tic dén thoi gian phdn rng bién
tinh nhwa epoxy biang DCDPS

Céc phan tmg dugc thuc hién vai ty 18 xuc tac thay doi, cac diéu kién khac
khong doi: Ty 1& khdi luong epoxy:silan = 6,67:1; nhiét d6 phan ung 55°C; toc do
khudy 220 vong/phut. Thoi gian phan tng duoc kiém soat bang cach chuin do ham
lugng epoxy con lai trong hon hop phan tmg sau cac khoang thdi gian nhu nhau
duoc liét ké trong bang 2.

Bang 2. Thoi gian phan tng véi cac ty 18 khdi lwong chét xuc tac khac nhau

Ty 1€ xuc tac, %

Ham lugng epoxy, % 12 13 1 L7 18
Sau 01h 21,90 | 21,90 | 21,80 | 21,80 | 21,79
Sau 02h 21,50 | 21,50 | 21,00 | 21,00 | 19,80
Sau 12h 16,20 | 16,10 | 15,30 | 15,10 | 15,00
Sau 15h 15,47 | 15,36 | 14,78 | 14,45 | 14,31
Sau 18h 14,23 | 14,02 | 13,35 | 13,19 | 12,93
Sau 20h 13,98 | 13,79 | 13,01 | 12,93 | 12,68
Sau 22h 13,67 | 13,48 | 12,83 | 12,71 | 12,59
Sau 23h 13,36 | 13,14 | 12,61 | 12,48 | 12,51
Sau 24h 13,05 | 12,86 | 12,47 | 12,48 | 12,49
Sau 25h 12,76 | 12,52 | 12,47 | 12,47 | 12,47

Két qua trén cho thiy, ty 18 khdi lugng xtic tac tai ving khao sat khong anh
hudng nhiéu dén thoi gian phan tng. Tuy nhién, néu liy luong xtc tic qua nhiéu s&
gy kho khin cho qua trinh loc, tach san pham. Ty 1¢ khdi luong cua xtc tac so véi
khoi luong cac chit tham gia phan ung la 1,5% duogc lya chon.

3.1.4. Khdo sdt anh hwong ciua nhiét do dén phdn irng bién tinh nhwa epoxy
bang DCDPS

Cac phan tng dugc thuc hién voi diéu kién nhiét do thay ddi, cac diéu kién
khac khong d6i: Ty 18 khéi luong epoxy:silan = 6,67:1; ty 1& xtic tac 1,5%; toc do
khudy 220 vong/phut; thoi gian 24 gio.
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Bang 3. Két qua khao sat san pham thu dugc v6i nhitng diéu kién
nhi¢t do phan tng khac nhau

*A A (0
N Nhi€tdo (C) | 45,5 |50+2| 5522 | 60£2 | 65+2
Noi dung
Mau ) Mau o | Maudo
Ngoai quan trang | vang | Mau nau, tia, trong | tia, trong
£04 trong | nhat, duc i " %
subt duc suot suot
Ham lugng epoxy, % 21,9 12,67 12,53 12,32 12,31
Hiéu suat phan ung, % - 40 55 70 70

Két qua khao sat cho thdy, tai nhiét d6 phan tng 1a 45°C, phan tng hau nhu
khong xay ra. Khi nang nhiét do 1én 50°C va 55°C, phan tng c6 xay ra nhung san
pham thu duoc cho hiéu suat thap (twong tng tir 40+55%), va d6 6n dinh cia san
pham khéong cao. Ngay sau khi két thiic phan tng, san pham luc dau c6 mau vang
dam, duc nhung sau khoang 48 gi¢ ¢ nhiét do phong, san phém bi nhat mau. Piéu
nay c6 thé 1a do cau trac phan tir ctia san phdm chua 6n dinh.

Tai nhiét 46 60°C va 65°C, phan tmg cho hiéu suat twong ddi cao 1a 70%. San
pham thu dugc sau phan mg c6 mau nau do, trong sudt va bén mau. Nhom tac gia lya
chon nhiét d6 phan tmg 13 60°C vi tai nhiét do ndy, san phim phan tng cho d6 6n dinh
cao, bén mau, hiéu suit phan tng twong dwong so v6i nhiét d6 phan tng & 65°C.

a) b)
Hinh 3. a) San pham phan tng tai 50°C; b) San pham phan {ng tai 60°C

3.1.5. Khio sdt anh hudng ciia toc dp khudy dén phin teng bién tinh nhua
epoxy bang DCDPS

Céc phan tmg dugc thye hién véi toc do khudy thay doi, cc diéu kién khac
khong doi: Ty 1€ khoi lugng epoxy:silan = 6,67:1; ty 1¢ xtc tac 1,5%; nhiét d phan
tng 60°C; thoi gian 24 gio.
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Bang 4. Két qua khao sat san pham thu duoc v6i nhiing toc do khudy khac nhau

Téc do khuay, rpm

Noi dung 180 200 220 240 260

Mau ddé | Mau Mau | Mau ddé | Mau do

Neoai quan san phim tia, do tia, | dotia, tia, tia,
goalq p tror}g tror}g tror}g tror}g tror}g
suot suot suot suot suot
Ham luong epoxy, % 12,67 12,63 | 12,53 | 12,53 12,52
Hiéu suét phan ung, % 68 68 70 70 70

Két qua khao sat cho thiy ¢ toc do khudy 220 vong/phat dén 260 vong/phut
déu cho hiéu suat phan mg tuong dbi cao 1a 70%. Vi vdy, nhém tac gia lya chon tdc
d6 khudy ctia phan tng 1a 220 vong/phut.

Tir cac két qua khao sat nhu trén, nhoém tac gia lwa chon diéu kién phan tng
nhu sau: Ty 1€ khoi lugng epoxy:silan = 6,67:1; nhiét do phan rng 60°C; ty 1€ xtic
tac 1,5%; toc do khudy 220 vong/phut; thoi gian 24 gio.

3.2. Xay dung don pha ché keo chiu nhiét trén co sé nhwa epoxy bién tinh
v6i chit dong rin

3.2.1. Khdo sdt dnh huéng ciia ham luwgng chit déng rin dén tinh chit co ly
cua keo duoc ché tao tir nhua bién tinh

Nhua epoxy di bién tinh dwoc tron thém chit dong rén polyamid L-20M cia
Lién bang Nga véi ty 18 theo phan khdi luong 1an luot 1a 100/35, 100/40, 100/45. Hon
hop duoc khudy déu trong 5 phit. Cac mau nhya duoc déng ran ¢ nhiét d6 phong sau
36 gior duge dem di do d6 bén kéo dut. Két qua do duoc trinh bay trong bang 5.

Bang 5. Két qua do bén kéo dut cia mau DGEBA-Si/L-20M

TT Mau P bén kéo dirt, (MPa)
1 DGEBA-Si + 35 % L-20M 16,4
2 DGEBA-Si + 40 % L-20M 20,5
3 DGEBA-Si + 45 % L-20M 17,6
4 Keo K300-61 18,85

* Keo K30Q—61 cua Lién bang Nga la logi keo dwoc ché tao trén co sé nhua
epoxy bién tinh bang siloxan va duoc su dung lam keo chiu nhiét ung dung trong
nganh hang khong.
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Vé nguyén tic, lugng chat déng ran cho vao phai chinh xac sao cho ty 1¢ nhom
epoxy (cua nhya):hydro hoat dong (cua chét dong ran) trong khoang 1,0+1,02, vi du
hay thiéu déu anh hudng dén chat lugng san pham Néu cho du amin thi cac nhom
epoxy sé& két hop véi cac amin nay va han ché kha ning tao thanh cau tric khong
gian. Trong trudng hop thiéu amin thi cau tao ludi cling kém chat ché [2].

) Két qua khao sat cho théy keo c6 do })én keo dut t6t nhat khi ty 18 theo phan
khoi lugng gitra nhya epoxy bién tinh va chat dong ran L-20M 1a 100/40.

3.2.2. Khao sdt anh huéng ciia ham lwgng chét dong ran t6i tinh chat nhigt
cua keo dwoc ché tao tir nhwa bién tinh

Cac mau keo noi trén duoc khao sat tinh chat nhiét bang phuong phap phan
tich nhiét trong lugng (TGA) vdi toc do gia nhiét 10°C/phit trong méi trudng khong
khi. Gian do6 phan tich nhiét dugc the hién trén hinh 4.
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Hinh 4. Gian d0 phan tich nhiét TGA cua cac hé dong ran khac nhau

Tir gian d0, d6 bén nhiét va phan khéi lugng con lai tai 800°C da dugc xéac
dinh va trinh bay tai bang 6

Bang 6. Két qua khao st tinh chat nhiét cia mau déng rin DGEBA-Si/L-20M

Nhiét d§ twong ng véi do hut khoi Phin
3 KL con
Miu 5% | 10% | 20% | 30% | 40% | 500 | L tal
0 0 0 0 0 0 8000C
(%)

DGEBA-Si1/35% L-20M | 298 | 313 | 332 | 348 | 367 | 397 4
DGEBA-Si/40% L-20M | 295 | 311 | 332 | 350 | 366 | 384 0,2
DGEBA-Si1/45% L-20M | 301 | 318 | 337 | 352 | 369 | 396 2
Keo K300-61 (L.BNga) | 189 | 282 | 362 | 390 | 412 | 429 3
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Két qua tai bang 6 cho thdy mau déng rin cua nhya bién tinh DGEBA-Si véi
chat dong ran L-20M bat dau bi phan huy ¢ nhiét do khoang 300°C va bi suy giam
khéi lwong gan nhu hoan toan & nhiét dé 800°C. Tuy nhién, ham luong chat dong rin
khong anh hudng nhiéu téi tinh chét nhiét cta keo dugc ché tao tir nhua bién tinh.

Nhan xét: Tir két qua khao sat anh huong ciia ham lugng chit dong rin dén do
bén kéo dirt va tinh chat nhiét ciia keo dugc ché tao tir nhya bién tinh, nhan thay tai
cac ty 1é va diéu kién dong ran duoc khao sat thi ham luong nhua epoxy bién tinh:chat
dong ran L-20M = 100:40 theo phan khdi lwong 13 phi hop cho ché tao keo chiu nhiét.

4. KET LUAN

- P nghién ctu, xdy dung duoc quy trinh bién tinh nhwa epoxy D.E.R 331
bang chat bién tinh dichlorodiphenylsilan véi cac diéu kién phan tmg nhu sau: Ty 18
khéi luong epoxy:silan = 6,67:1; nhiét d6 phan tng 60°C; ty 1é xuc tac 1,5%; toc do
khudy 220 vong/phit; thoi gian 24 gid.

- ba xay dung dugc don pha ché keo chiu nhiét trén co sé nhyua epoxy bién
tinh bang dichlorodiphenylsilan v&i chat déng rin L-20M & ty 1é theo phan khoi
luong ctia nhya epoxy bién tinh:chat dong ran L-20M = 100:40, thoi gian dong rin &
nhi¢t do phong 1a 36 gio.

- So sanh két qua phan tich nhiét va do bén kéo dut cua keo ché tao duoc
tuong duong v6i keo K300-61 cua Lién bang Nga c6 thanh phan va muc dich st
dung tuong tu. Keo ché tao dugc bat dau bi phin huy & nhiét do khoang 300°C,
trong khi keo K300-61 1a 189°C. D9 bén kéo dut ctia keo ché tao dugce 14 20,5 MPa,
con keo K300-61 1a 18,85 MPa. Cac két qua khao sat nay cho thay keo ché tao duoc
c6 thé hudng t6i muc dich sir dung lam keo chiu nhiét hang khong.
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SUMMARY
STUDY ON THE MODIFYING EPOXY RESIN WITH
SILANE COMPOUND FOR FABRICATION OF
AVIATION HEAT-RESISTANT ADHESIVE

This paper presents some results of the study on modifying epoxy resin with
dichloro diphenyl silane and developing heat-resistant adhesive from this modified
resin. Some important specifications such as the tensile strength and the heat
resistance of the adhesive based on modified epoxy and curing agent of low-
molecular polyamide resin have been tested. The tested results have shown that the
obtained adhesives began to decompose at 300°C, the tensile strength is 20.5 MPa.
The obtained adhesives can be used as aviation heat-resistant adhesive, replacing
some imported adhesives.

Keywords: Silane-modified epoxy, heat-resistant adhesive.
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