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TOM TAT

Vat lieu polyme composite lai la logi vat liéu trén nén nha polyme str dung tir hai
chat gia cuong tro lén, day la logi vat liéu moi dang dwoc nhiéu nha khoa quan tam. Vat
liéu Polyamide 610 composite lai véi phu gia nanosilica va chdt gia cuwong soi thuy tinh da
diege ché tao bang phwong phdp trén néng chay trén thiét bi tron kin Haake. Trong nghién
citu nay, dnh hwéng cia ham leong soi thiy tinh (GF) dén mét so tinh chat ciia nhya
PAG610/nanosilica (PA610/NS) composite di duwoc khao sdt. Cdc tinh chit co hoc (@6 bén
kéo dirt, @6 dan dai khi dirt, mé dun dan hoi va dg bén va dap) va kha ning hdp thu nwde
cua vat liéu composite da duoc xdac dinh. Kha nang bén nhiét cia composite dwoc xac dinh
bang phirong phdp phdn tich nhiét trong hrong (TGA). Két qud cho thdy, do bén kéo dirt ciia
vdt liéu composite dat gia tri lon nhdt véi ham luong soi thuy tinh la 30%. Do bén kéo i,
mé dun dan hoi va do bén va dap ciia PA610/NS/GF tang twong ing la 91,57%, 50,32% va
20,44% so véi mdau PA610/NS. Trong khi do, kha ndng hdp thu nude cia PA610/NS/GF
giam dan khi ham lwong GF tang. O ham lwong 30% GF, d¢ on dinh nhiét cuia vt liéu
PAG610/NS/GF dwoc cdi thién dang ké so véi PA610/NS, sw gia ting nhiét @ bdt dau phdn
huy la 38,29°C. Vit liéu PA610/NS/GF co tinh chdt co hoc cao va dé bén nhiét cao dap ung
dirge trong viéc ché tao cdc chi tiét, san pham g dung trong quéc phong va hang khong.

Tw khéa: PA610, polyamide, composite, soi thuy tinh (GF), nanosilica (NS).

1. DAT VAN BE

Polyamide (PA) con duoc goi 1 nylon, 1a mot trong nhing loai nhua nhiét déo pho
bién nhat do su cén bang vé tinh chat co 1y, héa va nhiét. Vi kha nang chiu Gng suat tét, do
clmg cao, dac biét 1a chiu va dap tot, chiu mon chiu moi tot, nhe, déo dai, on dinh & nhiét 6
cao, kha ning chong chay, d& gia cong, bé mat san pham dep va dic biét 1a bén véi dung
mai hiru co, polyamide da duoc timg dung rat rong réi trong cac linh vuc san xuit phy kién
6 t6, linh kién dién tir, 3 may mic, linh kién truyén dong cia thiét bi co khi va tmg dung
trong cong nghiép qudc phong [1][2].

Trong thoi gian gan day, phu gia nano di dugc st dung 1am chét gia cuong nhu mot
phuong phap dé cai thién tinh chat co hoc va kha niang chiu nhiét cho nhya PA. Cac phu gia nhu
dng nano carbon, nanoclay, nanosilica,... d dugc nghién ctru va ddnh gid vé kha nang nang cao
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d6 chiu nhiét trong vat liéu nén nhua nhiét déo [3][4][5]. Nhua Polyamide 610 (PA610) c6 nhiéu
tinh chat vu diém so vdi cac loai nhya Polyamide khéc nhu co tinh cao, ¢ kha nang chéng am,
on dinh kich thudc, tinh chét dién tét. Dé nang cao tinh chét co hoc va nhiét cho nhua PA610,
Alper Kiziltas va cong su (2021) da nghién ctru ché tao PA610 nanocomposite véi ham luong
nano graphene tim (GNP) khac nhau (2%, 4%, 6% va 8% tinh theo khdi lugng). Phén tich nhiét
trong luong cho thdy su cai thién mot chit vé do 6n dinh nhiét va dat gid tri 16n nhat & ham
luong 13 6% GNP. M6 dun kéo, mé dun udn va do bén kéo ciia vat lidu tang trong img 95%,
16% va 9,5% dbi véi vat liéu composite chira 8% GNP. Nhiing két qua nay cho thdy GNP c6
thé duoc str dung dé gia cudng cac dic tinh co va nhiét ciia nhura PA610 cho cic tmg dung trong
nganh cong nghiép 6 t6. David Marset va cong su (2020) da nghién ctru phat trién vat liéu
composite than thién véi méi trudong trén nén Polyamide 610 (PA610) véi dng nano halloysite
(HNT). Viéc bd sung 30% ham lugng HNT da Iam ting mo-dun kéo gip doi gia tri ban dau. Vat
liéu dugce gia cudng bang HNTs di cai thién nhe d6 6n dinh nhiét, va cai thién déng ké kha nang
chiu nhiét va tinh chét co hoc trong mdt pham vi nhiét d6 rong khi tang ham lugng HNTSs.

Ngoai ra, vat liéu polyme composite gia cuong bang soi da duge coi 13 vat liéu cau
tric hira hen nhit trong cong nghé k¥ thuat, bén viing do cuong do cao, do cimg cao hon,
hi€u qua chi phi va kha nang tai tao tdt. Trong vat liéu polyme composite bt soi, céc soi gia
cuong thuong st dung 1a soi tong hop (soi thuy tinh, soi carbon,...) hodc soi ty nhién (soi
day, soi xo dura, kenaf,...), trong khi vt liéu nén c6 thé 1a nhya nhiét rin, nhua nhiét déo
hodc polyme sinh hoc [8]. S¢i thuy tinh dang dugc sir dung trong nhiéu nganh céng nghiép
nhu 6 t6, hang khong vii tru, xay dung va quan su do cac dac tinh doc ddo cua ching nhu
nhe, d6 bén co hoc va mo dun cao, tinh kha dung tét, ¢6 thé tai ché, do bén va dap va do déo
dai cao [9][10]. Do vay, vét liéu composite trén nén nhua PA va s¢i thuy tinh 1a vat liéu ky
thuat quan trong véi cac dac tinh co hoc, 6n dinh nhiét va kha nang gia cong tuyét voi [11].
Khi thém soi thuy tinh vao nén PA c6 thé ting kha nang chiu tai va cac dic tinh co hoc vi
soi lam cham su phét trién nhanh chong cua cac vét nit cua vat liéu [12].

Hién nay, vat li€u composite lai dang la loai vat liéu méi dugc nhiéu nha khoa hoc quan
tam, vat liéu nay két hop uu diém cuia cac chat gia cudng trong nhya nén polyme. Jeevesh K. P.
va cong su (2019) da nghién ctru phat trién composite lai trén nén nhwa epoxy véi soi thiy tinh
va nanosilica. Két qua cho thay, cac dic tinh co hoc cua vt liéu composite soi thily tinh ting 1én
khi ham lugng nano silica tang 1én dén 3% khoi lugng va sau do6 giam xuéng. D6 bén kéo, do
bén udn va do bén va dap cua composite sgi thiy tinh véi 3% nanosilica tang 1an luot 1 45%,
62% va 9% so voi composite soi thily tinh. Emel Kuram (2022) d4 nghién ctru hiéu img dong
gia cuong cua hat thiy tinh va soi thiy tinh tdi cAu triic, dn dinh nhiét, va tinh chét co hoc cia
PA6 composite. Két qua cho thy, trong sb cac vat liéu composite lai, dd bén ubn, do bén kéo
va d6 bén va dép dat gia tri cao nhat khi ham luong hat thity tinh 1a 15% va soi thuy tinh 1a 15%
khéi luong. Tinh 6n dinh nhiét cua composite lai cling cao hon so vdi polyme PA6 don thuan.

Chinh vi vay trong nghién ctru ndy, anh huéng ciia ham lugng soi thuy tdi tinh chat
co hoc va 6n dinh nhiét ciia composite PA610/nanosilica dd duoc khao sat. Vi myc tiéu 1a
ché tao dugc vat lidu composite lai trén co s¢ nhya PA610 vdi nanosilica va soi thuy tinh co6
tinh chat co hoc cao va do bén nhiét cao, nham dinh huéng tmg dung trong cong nghiép
qudc phong va hang khong.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

Nhya PA610 loai Ultramid® S3K Balance cua hang BASF, Dtc (ty trong: 1,08; nhiét
dd nong chay: 220°C).

Nanosilica Reolosil (Akpa, Thé Nhi Ky, dién tich bé mit riéng: 20020 m?/g; ¢& hat:
12 nm - 50 nm.

Soi thily tinh loai S cua hing Lanxess (M§) vé6i chidu dai soi trung binh: 200 um va
duong kinh sgi trung binh: 7 um - 9 pm.

Chét chéng oxy héa loai Irganox® 1010 hang BASF, Dirc véi nhiét do nong chay:
110 °C - 125°C.

2.2. Phuong phap nghién ciru
Ché tao vdt liéu PA610/NS/GF composite

Ché tao vat liéu PA610/ NS/GF composite bang phuong phap tron hop néng chay:
Hdn hop PA610/nanosilica theo ty 16 97/3 véi ham luong chét chdng oxy héa 1a 5% khoi
luong. Ty 1€ PA610/NS véi ham lugng soi thuy tinh (GF) nhu sau: 100/0, 80/20, 70/30 va
60/40. Cac mau PA610/NS/GF composite dugc gia cong ¢ nhiét do 250°C; tde do truc quay
50 vong/phut, v6i thoi gian 1a 8 phut trén thiét bi tron kin Haake. Sau d6, mau & trang thai
néng chay dugc ldy ra chuyén sang may ép thity luc Tokyoseiky ép thanh dang tim phing
v6i nhiét @6 ép 220°C va luc ép 8 - 10 MPa. Cac mau duoc 1am ngudi & nhiét dd phong va
dé on dinh it nhit 1 ngay trudc khi khdo sét tinh chat cua vat liéu.

Xac dinh cac tinh chat cua vat liéu

Céc tinh chét co hoc nhu d6 bén kéo dut, d6 gian dai khi dut duge xac dinh bang
may kéo dut da nang Zwick Z2.5 (CHLB Puc) theo tidu chuian ASTM D638, toc do kéo
5 mm/phut & nhiét @6 phong. Mdi loai mau dugc do 3 lan dé 1y gia tri trung binh.

D6 bén va dap cua cac mau dugc do trén thiét bi do va dap Testresources (M) &
nhiét d6 22°C, d6 4m tuong déi khoang 40%, theo tiéu chuin ASTM D256. Mdi miu duoc
do 3 1an va ldy gia tri trung binh.

D6 bén udn cua vat lidu duge xac dinh béng may kéo dut da nang Zwick Z2.5 (CHLB
buc) theo ti€u chuan ISO 178, tdc d6 udn 5 mm/phiit & nhiét 6 phong. Mi loai mau dugc
do 3 lan dé lay gi4 tri trung binh

bo hép thu nudc duoc xac dinh theo ti€u chuidn ASTM D570, miu dugc ngam trong
nude véi thoi gian 1a 24 gio. Sau d6 mau duoc lay ra, lau khé va xac dinh khéi lugng. Ham
luong nudce héip thu cua vat liéu (% khdi lugng) dugc tinh toan theo cong thirc:

m% = 100*(mn - mo)/m, (%).

Trong d6: mo, my 14 khdi lwong mau ban dau va sau khi ngam.

Danh gi4 tinh chit nhiét cua vat liéu composite trén thiét bi phan tich nhiét trong luong
TGA 209F, Nezsch - Dirc vdi tde d6 gia nhiét 10°C/phut, mbi truong khong khi, tir nhiét do
phong dén 900°C.
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3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hwong ciia ham lwong soi thiiy tinh t6i tinh chét co hoc va kha ning hap
thu nwée cia vat liéu composite PA6/NS/GF

Ddi v6i mdi loai chit gia cuong c6 mot ham lugng phu hop nhét dinh, néu ham lugng
nhé hon hodc 16n hon déu khong dat tinh nang co ly cao nhét cua vt liéu thu dugc. Dé xac
dinh dugc ham lugng soi thity tinh téi wru, chiing t6i ¢d dinh cac thanh phan khéc ciing nhu
diéu kién cong nghé, chi khao sat anh huong ham luong soi thiy tinh dén tinh chat co hoc
ctia vat liéu. Két qua khao sat dugc trinh bay trong cac hinh 1 va hinh 2.
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Hinh 2. Anh huéng ciia ham lwong s¢i thuy tinh t6i mé dun dan hdi va do bén
va dap cia vt liéu composite PA6/NS/GF

Két qua trén cac hinh 1 va 2 cho théy, khi dua soi thuy tinh vao nén nhya PA610/NS,
d6 bén kéo dut cua vat lidu duge cai thién dang ké, do bén kéo dut tang khi ham luong soi
thuy tinh dugc sir dung tang dén ham lugng tdi wu. Khi c6 mat 30% soi thay tinh, do bén kéo
dut cua vat li¢u dat gia tri cao nhat 13 150,94 MPa, tuy nhién khi tang ham lugng sgi thuy tinh
1én 40%, d6 bén kéo dirt cuia vat lidu lai c6 xu hudng giam. Diéu nay ¢ thé do khi ham lugng
so1 thuy tinh qua 1dn lam cho su phén tan sgi tré nén kho khan trong nhya nén PA610 va nhua
nén ciing khong thé bao phu hét cac soi phan tan, do d6 1am giam do bén kéo dut cua vat licu.
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M6 dun dan hdi ctia nhua PA610/NS dat duoc 1a 3,62 GPa, gia tri m6 dun dan hdi
tang 1én theo ham lugng soi thuy tinh dua vao, twong img véi gia tri do dan dai khi dirt giam
dan. Cac mau vat lidu c6 soi thuy tinh déu cho gia tri mé dun dan hdi cao hon so véi miu
composite ban dau. Didu nay c6 thé dugc giai thich do soi thity tinh 1am giam chuyén dong
trugt cia cac mach phan tir polyme, ddng thoi soi thity tinh ¢6 d6 climg 16n hon so véi nhua
nén nén lam cho vat liéu tré' nén ctimg hon.

Két qua do bén va dap thu dugc cho théy, khi c6 mt sgi thiy tinh do bén va dap cua vat
liéu ting 1én déng ké, sau d6 d6 tang cham dan va dat gid tri cao nhat 1a 14,04 KJ/m? & ham luong
soi thity tinh 13 30%. Diu nay cho thiy ¢ ham lugng nay, do c6 su trong hop tét gitta nhyra nén
va soi thily tinh gia cudong, nén khi ¢ xung luc tic dong 1én vat lidu, nhwa nén déng vai tro truyén
(g suét 1én pha gia cudong, qua d6 1am gidi han chiu luc tic dong dot ngdt ciia vat liéu tang 1én.
Khi tiép tuc tang ham lugng sgi thuy tinh (40%), kha nang chiu va dap cua vat li€u giam, diéu
nay c6 thé giai thich 1a & ham lugng soi thily tinh cao s& 1am cho vt liéu trd nén gion hon.

Bang 1. Anh huéng ciia ham hrong s¢i thity tinh dén d§ bén udn ciia vit ligu

Mau PA610/NS | PA610/NS-20GF | PA610/NS-30GF [PA610/NS-40GF
Do bénubn (MPa) | 56,2 175,7 210,2 242,6

C6 thé thay vat liéu composite PA610/NS c6 do bén udn kha thap do kha nang chiu bién
dang tuong ddi kém. Sy c6 mat cua soi thily tinh gia cudng da khic phuc duge nhuoc diém
nay, khi sir dung 20% soi thity tinh d bén udn ciia vét liéu tang vuot troi 1én 175,7 MPa (ting
212% so véi mau khéng c6 soi thuy tinh). Do bén udn tang dan khi ting ham lugng soi thiy
tinh trong mau vét lidu va c6 gia trj 242,6 MPa & ham lugng 40% soi thily tinh. Diéu nay c6 thé
giai thich do soi thuy tinh véi cau triic dang soi c6 kha nang thira nhan ng suat un tét hon
nhya nén rat nhidu, va trd thanh “cot” cua vat lidu, déng vai trd 1a diém chiu ing sudt cia vat
liéu 1am cho d6 bén uén cua vat liéu duoc cai thién 10 rét. B@)ng thoi kha nang tuong tac tdt cua
s¢i thuy tinh v&i nhya nén PA610 cling 1am cho d6 bén udn cta vat liéu dugc nang cao.

Bang 2. Anh huéng ciia ham lwgng soi thity tinh dén do hap thu nwéc cia vat lidu

Miu PA610/NS |PA610/NS-20GF |[PA610/NS-30GF |PA610/NS-40GF

bo hép thu nudc
sau 24 gio (%) 2,57 1,98 1,52 1,30

Anh huong cua soi thiy tinh t6i @6 hdp thu nude ciia composite PA610/nanosilica
dugc danh giad qua luong nudec ma mau vat lidu hép thu sau khi ngdm trong nudc trong 24
gio. Két qua cho thay d6 hat nudc cia vat liéu giam dan khi ham luong soi thiy tinh ting
1én. Do ban chat bé mit twong ddi tro nén s¢i thiy tinh hau nhu khéng hit nuée va can try
sur tiép xtic clia nude véi nén nhua PA610. Mit khéc, soi thuy tinh phan tan trong nén nhua
v6i ham lugng 16n va lién két chat ché v&i nhua nén 1am cho ciu tric cta vat liéu thu duoc
tré nén chit chd hon va 1am cho nude khé khuéeh tan vao trong long vat liéu, do do kha
nang hép thu nudc cua vat liéu gidam manh.

Tir céc két qua vé tinh chat co hoc va kha nang hap thy nude, ham luong soi thuy tinh
duoge chon 1a 30% dé nang cao tinh chét co hoc cho vat liéu composite tir nhua nén PA610/NS.
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3.2. Panh gia kha ning bén nhiét ciia vét liéu composite PA6/NS/GF

Kha néng bén nhiét cta vat liéu composite PA610/NS va PA610/NS/GF dugc danh gia
bang phuong phép phén tich nhiét trong (TGA). Dudi day la gian dé TGA coa 2 mau vat liéu
trén co sé nhyra PA610. Két qua phén tich danh gia duogc tap hop trong bang 1, hinh 3 dudi day.
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Bang 1. Két qua phan tich TGA ciia mdt s6 mau vat liéu trén co sé nhua PA610/NS

MBy vt licu Nhiét d0 bat dau | Nhiét do phan huy | Ton hao khoi lugng
o phan huy (°C) manh nhét (°C) dén 800°C, (%)
PA610/NS 317,86 423,02 96,85
PA610/NS/GF 356,15 462,64 67,41

Két qua trén bang 1 cho thdy, mau vat liéu PA610/NS/GF c¢6 do bén nhiét cao hon
hon nhiéu so v6i mdu PA610/NS thé hién qua nhiét d bat ddu phan huy va nhiét d6 phan
hily manh nhat ting lan lugt 38,29°C va 39,62°C. Piéu nay cho thiy su c6 mit cta soi thuy
tinh da cai thién dugc kha nang bén nhiét ctia vat liéu PA610/NS, lam cho vat liéu c¢6 kha
nang 6n dinh nhiét tt hon. P4i vdi ton hao khéi lugng trong qué trinh phan hily nhiét cia
mau vt liéu ¢ chira thém soi thuy tinh nho hon so véi mau PA610/NS, vdi ham lugng tro
thu duoc tang 1én (~29,5%). Piéu nay co thé giai thich, mot mat cic chét gia cuong 1a cac
chat v co ¢6 vai trd nhu mot rao can va tri hodn sy khuéch tan ciia cac san pham phéan huy
dé bay hoi trong toan by composite. Mit khac do hiéu tmg ddng gia cudng ctia nanosilica
va sg¢i thuy tinh cho nhya nén PA610, cdu trac hinh thai cua vat liéu tré nén chat ché hon,
dan dén tang tinh co hoc ciing nhur tinh chét nhiét cua vt liéu.

4. KET LUAN

Soi thuy tinh c6 anh huong rat nhiéu dén céc tinh chit co hoc ciing nhu tinh chat nhiét
cua PA610/NS. Vat licu PA610/NS/GF c6 tinh néng co ly va do bén nhiét cao vuot troi so
v6i vat liéu PA610/NS. Ham luong soi thuy tinh phit hop ding dé gia cuong cho PA610/NS
12 30%. O ham luong nay, tinh chit co hoc cua vat liéu dat gia tri cao nhét (do bén kéo dut
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tang khoang 91,57%) va do bén nhiét cua vat lidu dugc cai thién 1 rét (nhiét do bat dau
phan huy ting 38,29°C), d6 hap thu nudc cua vat liéu PA610/NS/GF giam 40,85% so véi
vat liéu PA610/NS. Vat li¢u composite thu duge cd kha nang trng dung lam céc chi tiét, san
phim trong qudc phong va hang khong.
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INFLUENCE OF GLASS FIBER ON SOME PROPERTIES
OF PLASTIC PA610/NANOSILICA COMPOSITE

Hoang Thi Huong Thuy, Le Hoang Thanh, Le Thi Thuy Hang, Luong Nhu Hai, Nguyen Van Thao
ABSTRACT

Hybrid polymer composite materials are polymer-based materials using two or more
reinforcing agents, they are a new type of material and have attracted much attention from
scientists. Polyamide 610 composites with nanosilica additives and glass fiber reinforcement
were prepared via melting mixing method by using Haake equipment. In this study, the
influence of glass fiber (GF) content on some properties of PA610/nanosilica (PA610/NS)
composites was investigated. The mechanical properties (tensile strength, elongation at break,
elastic modules and impact strength) and water absorption capacity of composites were
determined. The thermal stability of the composites was determined by thermogravimetric
analysis (TGA). The results showed that the tensile strength of composite materials reached
the highest value with using 30% glass fiber content. The tensile strength, elastic modulus and
impact strength of PA610/NS/GF increased by 91.57%, 50.32% and 20.44%, respectively,
compared to those of PA610/NS sample. Meanwhile, the water absorption capacity of
PA610/NS/GF gradually decreased as the GF content increased. At 30% GF content, the
thermal stability of PA610/NS/GF composite was significantly improved compared to
PAG6I0/NS, the increase in decomposition onset temperature was 38.29°C. PA610/NS/GF
composites had high mechanical properties and high thermal stability, which are suitable for
manufacturing components and products for defense and aviation applications.

Keywords: PA610, Polyamide, composite, glass fiber (GF), nanosilica (NS).
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