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TOM TAT

Vit liéu compozit nén nhiea polyamide 6 (pa6) va soi cachon ngdn véi ty 1é thanh phan khoi
wong khdc nhau dwoc nghién ciru dé danh gia tinh chat co ly. Nghién cieu sir dung nhua
polyamide 6 ciia hang BASF va soi cacbon Gungwei (Trung Quobc), soi cacbon Toray (Nhdt Ban)
co kich thuoc ngan, dwoi 300 um dé ché tao vt liéu composite. D6 bén kéo dirt, d bén uon, do
cung va do bén va dap dwoc do dac dé so sanh tinh chat co hoc gitka cac logi compozit nén nhya
PAG6 va soi cacbon ngdn cua hai hang khac nhau. Hinh thai hoc lién két gitta nhya nén va soi
cachon ngdn dwgc danh gia bang phwong phap SEM. Két qua cho thdy véi ham heong soi 30%
vit liéu compozit nén nhira PA6 gia cuwong boi soi cacbon ngdn ciia hing Toray cho két qud co' Iy
cao nhat voi gid tri do bén kéo, do bén uon, do cung va do bén va ddp twong ung 67.4 MPa, 104.3
MPa, 37.6 HRC va 67.1 J/m. Hinh thdi hoc xdac dinh voi ham luwong soi 30% nhwa PA6 hdang
BASF trai déu trén bé mdt soi cacbon Toray hon so véi soi cacbon ngan ciia hang Gungwei.

Tir khéa: Vit liéu composite; Nhya polyamide 6; Soi cachon.
1. MO PAU

Hién nay, nhuya 1a vat liéu khong thé thiéu trong cudc séng sinh hoat hang ngay dén cac tmg
dung quan trong trong tat ca cac linh vuc lién quan dén vat liéu [1], trong d6 PA6 1a nhya k thuét
v6i cac tinh chat cao hon nhiéu so v&i cac loai nhya thong thuong khac nhu d6 bén co hoc cao
(> 60 Mpa), do ctrng 16n (modun kéo > 2 GPa)), kha nang chiu nhiét 1on (nhiét do bién dang nhiét
> 120 °C), nén duoc st dung phd bién trong linh vuc y té nhu (dng truyén mau, may hat mau..)
trong cac vat li¢u k¥ thuat cao (ludi loc nhién li€u, bo loc nhién li¢u ciia cong nghiép san xuét xe 0
t6, mil bao hiém, 4o giap trong cong nghiép qudc phong,...), trong xir Iy mdi trudng [2-6],... Tuy
nhién, dé tang cuong cac tinh chat cia PA6 dép tng yéu cau ky thuat khét khe hon trong céac linh
vuce vat liéu ing dung cao c6 thé sir dung cac phu gia gia cuong. Mot trong cdc vat liéu gia cuong
phd bién nhét hién nay 1a s¢i cacbon véi cac tinh chat wu viét nhu do clng cao, do bén kéo durt 16n
va dic biét 1a ty 18 ty trong trén do climg cho phép soi cacbon co6 thé bd sung nhing khiém khuyét
ctia nhua dé tao nén vat liéu compozit mang tinh wu viét cta ca soi cacbon va nhya nén PA6. Trén
thé gioi da co nhiéu nghién ciru vé vét liéu polyme compozit nén PA6 gia cudng boi soi cacbon
[7-11], con ¢ Viét Nam nhitng nghién ctru ndy con kha it nhu nghién ctru cua tiéng sy Tran Hai
Ninh ché tao vat liéu | polyme compozit trén co s¢ nhya nen 1a blend cua PA6 va polypropylen [6]
va nghién ctru cta tién sy Ha Van Thurc vé khao sat mot s6 yéu td anh huong dén tinh chat hoa 1y
ctia vat liéu compozit trén co s& nhwa polyamit 6 va nhya polycacbonat [12]. Pbi voi soi cacbon
dang ngan kich thudc nhé chua c6 nghién ctru ndo. Mot trong cic ing dung quan trong cua soi
cacbon dang ngin duoc sir dung lam gia cudng cho vt liéu in 3D theo phuwong phap in sgi FFF
nhu céac loai s¢i in Onyx cua hang Markforged [13], nylonX ctia hang matterhacker [14], carbonX
ctia 3Dxtech [15],... Trong béo céo nay tic gia nghién ctru nhitng wu diém cua vat lidu khi st dung
so1 cacbon ngén lam vat li€u gia cudng, déng thdi so sanh hai loai s¢i cacbon ctia hai hang san
xuit khac nhau véi kich thude soi ngan dudi 300 pm.
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2. THU'C NGHIEM

2.1. Nguyén vat li¢u

- Nhya PA6 nguyén sinh ctia hdng Basf- Purc (ma hiéu B33L) nhiét d6 ndng chay 220 °C(x2 °C),
ty trong 1.12 g/cm® (+0.02 g/cm?), nhiét d6 phan hiy 438 °C (+5 °C);

- Soi cacbon hiang Gungwei (Trung Qudc) co6 dudong kinh soi 7 pum, ty trong la 1,78
g/cm®(+0.03) g/cm®) v6i ham lugng cacbon > 94%, kich thudc soi < 300 pum;

- Soi cacbon hing Toray (Nhat Ban) c6 duong kinh sgi 5 pm, ty trong la 1,75 g/cm®
(+0.03g/cm®) v6i ham lugng cacbon > 99%, kich thudc soi < 300 pum.

2.2. Ché tao vat liéu compozit

Vit liéu compozit dugce cl}é tao bang phuong phap tron nong chay: hdn hop PA6/soi cacbon
(theo cac ty 1€ thanh phan khoi !uqr}g: 9‘5/5, 90/1 9, 85/15, 80‘/20, 75/25, 70/30)~duqc tinh toan dé
can chinh xac va dam bao h¢ so dién day clﬁa mau trong buong trdn 1a 0,7. Mau gornpozit duogc
gia cong vdi ché do nhu sau: Khoi lugng mau la 65 g, nhiét do gia cong 240 °C, toc do tryc quay
50 vong/phut, thoi gian 5 phit trong thiét bi nong chay Haake. Sau d6, mau & trang thai nong
chay dugc lay ra va chuyén sang may ¢p thuy lyc TOKYOSEIKY (Nhat Ban) ép thanh dang tam
phar}g vOi nhiét do ép 1a 220 °C va luc ép 1a 20 MPa. Cac mau duoc lam ngudi va luu trong binh
hiut am ¢ nhiét d6 phong trude khi dugce tien hanh cac khao sat tinh chat co ly cua vat liéu.

Miu do co 1y duge ché tao béqg phuong phap ép phun tao mau trén thiét bi Haake Mini J et
tai vién Ky thuat nhiét di véi ché do do: nhiét do dun 265 °C, nhiét do khudn 160 °C, &p suat
750 bar.

2.3. Phwong phap nghién ciru

Thong s(’)’ lwu bién duoc xac dinh truc tiép trén thiét bi tron kin Haake v6i cac ché do do: nhiét
do 240 °C, toc do truc quay 50 vong/phut va thoi gian tron 1a 5 phut;

Céc tinh chat co 1y ctia vat ligu nhu d§ bén kéo dit, do bén udn dugc xac dinh bang thiét bj
Zwick Z2.5 (burc) theo tiéu chuan ASTM D638 tai vién K¥ thuét nhié¢t d6i ctia voi ché do do: toc
d6 kéo 5 mm/phut ¢ nhiét d6 phong;

Chi s6 chay dwgc do trén thiét bj MI4 (GOTTFERT) tai vién Ky Thuat nhiét d6i theo tiéu
chuan ISO 1133 theo phuong phap A véi ché do do: nhiét do 230 °C, qua can 2,16 kg;

D6 cimg cua vét liéu dugce do trén thiét bj do HR-430MS theo tiéu chuan ISO 2039 tai vién
Hoéa hoc — Vat liéu véi mau dugce do theo ché d6 do mém HRC15;

Do bén va dap cua vat li€u dl{qc do trén thiét bi Testresources tai vién K¥ thudt nhiét déi theo
tiéu chuan ASTM D256 véi chiéu cao va dap 1a 625,1 mm, toc d6 va dap 1a 3,5 m/s va goéc va
dap 1a 150 °C;

Hinh théi ciu tric bé mat vat liéu duoc xac dinh trén kinh hién vi Qién tr phat xa truong (FE-
SEM) trén may HITACHI S-4800 tai Vién khoa hoc vét liéu vdi ché do do: 5 kV, méi truong
chan khong.

3. KET QUA VA THAO LUAN

3.1. Nghién ciru anh hwéng cia ty 1¢ thanh phin nhya va s¢i cacbon dén d9 nhét chay
twong dbi ciia vat liu

Céc két qua nghién ctru anh hudng cua soi cacbon dén tinh chat chay nhét cua vat lidu déu
cho thdy soi cacbon 1am ting sy ma sat ndi giita cac thanh phan trong compozit ddn dén lam ting
d6 nhdt dong hoc cua vat liéu [16, 17]. biéu nay cling tuong tu ddi voi soi cacbon trong vét li¢u
compozit nén nhya PA6, két qua nghién ctru thong s6 luu bién cho thay khi ting ham lugng soi
cacbon thi momen xoén ting 1én (hinh 1), didu nay c6 thé giai thich boi su ting 1én ctia ma sat
ndi hay soi cacbon 1am giam d6 chay nhét cua nhua, dén thoi gian 4 phat tro 18n thi gia tri

96 D. T. Diing, ..., L. B. Duwong, “Nghién civu ché tao vit liéu compozit ... sgi cacbon ngin.”



Nghién ctru khoa hoc cong nghé

momen xoan gan nhu khong d6i va dat gia tri 6n dinh, biéu thi cho sy chay nhét cia compozit
dat gi4 tri 6n dinh hay sy phan tan dong déu cua soi cacbon trong nhya. Dbi voi vat lidu sir dung
soi cacbon Toray (hinh 1b) c6 gia tri momen xo0dn 16n hon so v6i gia tri momen xodn cua vit
liéu st dung sg¢i cacbon Gungwei trén cung nén nhua PA6 cla hang BASF.
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Hinh 1. Gidn @6 momen xodn theo thoi gian trén ¢ trang thdi néng chdy
cua vdt lieu compozit voi cdc ty 1é thanh phan khoi lwong khac nhau cua nhya PA6
va soi cachon Gungwei (a), nhwa PA6 va soi cacbon Toray (b).

Thyc nghiém do chi ) chay ctia hai mau vat liéu compozit v6i ham luong soi cacbon cung 1a
30% cho thay chi s6 chay cua vat liéu st dung soi cacbon toray c6 gia tri thap hon so véi chi so
chay cua vét liéu st dung sgi cacbon Gungwei (3.39 < 3.69), diéu nay cho thay sgi cacbon Toray
lam giam chi so0 chdy cua nhya PA6 hon so voi sgi cacbon Gungwei (bang 1).

Bing 1. Anh hieong ciia ty 1é PA6/soi C dén thong sé heu bién ciia vt liéu compozit.

sTT | TV I8 khdi lrgng | Chi so chay, g/10 phiit
PA6/s0iC C1 C2
1 100/0 3.81 3.81
2 100/30 3.69 3.39

C1- Ky hiéu mau vat liéu compozit nén nhwa PAG6 gia cuong la sgi cacbon Gungwei;,

C2 - Ky hiéu mau vt liéu compozit nén nhya PA6 gia cuong la soi cacbon Toray.
3.2. Nghién ciru dnh hwéng cia ty 1¢ thanh phin nhwa va sgi cacbon dén d§ bén kéo va dd
bén uon vat liéu

Két qua trinh bay & bang 2 cho thay do bén kéo dut va do bén uén cua vat liéu compozit sau
khi thém 5% so1 cacbon suy giam. Tuy nhién, khi tlep tuc ting luong soi cacbon thi d6 bén kéo
dut va d6 bén udn cua vat lidu compozit déu tinh tién va co gia tri cao hon so véi khi khong co
soi cacbon, didu nay co thé giai thich boi qua trinh ché tao vat liéu compozit, qua trinh gia nhiét
va tron déu nong chay lam tinh chat nhya bi suy giam so vai nhya PA6 ban dau, diéu nay phu
hop véi cac nghién clru trén thé gidi vé suy giam tinh chat ctua véat liéu do nhiét [18, 19], tuy
nhién, véi ham lugng soi cacbon du 16n (trén 5%) 1am d¢ bén cho vat liéu compozit tang hon so
v6i phan suy giam do nhiét dg trong qua trinh ché tao. S¢i cacbon lam ting d6 bén vat liéu nho
c4c umg sut tai déu trén cac soi cacbon khi tac dong luc 18n vat liéu compozit.

Péi vai vat lidu compozit st dung sgi cacbon Toray c6 do bén kéo va d6 bén udn tinh tién
cung véi sy tang clia ham lugng soi cacbon.

Péi vé6i vat liéu compozit sit dung soi cacbon Gungwei do bén kéo dut va do bén ubn tang khi
ham luong soi cacbon tang tur 5% dén 25%, dat gia tri 16n nhét khi ham luong soi cacbon dat
25% tuong ting voi cac gia tri 1a 63.5 MPa va 93.8 MPa, khi ham lugng soi cacbon 16n hon 25%
thi cac gid tri nay giam xudng. Nhu mot sd cac nghién ctru [20, 21] khi ham lugng soi cacbon
qua 16n dan dén su tao thanh cac chum soi do céc lién két tinh dién 1am cho soi khong phéan tan
déu trong nhya. Két qua lam giam tinh chat vat liéu.
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Bdng 2. Anh huong qda ty Ié thanh phd‘n nhwa va soi cacbon
den do bén kéo dvrt va do bén uon vat liéu.

STT Ty 1¢ khoi lwgng Do bén kéo dirt, MPa P bén uon, MPa

PA6/Sgi C C1 C2 C1 C2

1 100/0 52.3 52.3 66.6 66.6
2 95/5 47.5 50.3 48.5 67.5
3 90/10 59.7 53.2 80.7 70.7
4 85/15 60.9 56.0 81.3 71.2
5 80/20 61.4 62.8 84.1 77.9
6 75/25 63.5 64.1 93.8 78.1
7 70/30 56.9 67.4 62.4 104.3

So sanh d6 bén kéo dut giira hai loai vat liéu compozit cho thay khi ham lugng s¢i cacbon
nhé hon 15% thi vat li¢u gia cudong boi soi cacbon Gungwei c6 do bén kéo cao hon so vit liéu
gia cuong badi soi cacbon Toray, véi ham lugng sgi cacbon 16n hon 15% thi ngugc lai. So sanh
d6 bén udn thi khi ham lugng sgi cacbon dudi 25% gia tri do bén udn cua vat liéu gia cuong
Gungwei cao hon khi ham luong dat 30% thi do bén udn cua vat lidu gia cudng sgi cacbon Toray
cao hon. Két qua trinh bay tai bang 2 cho thdy véi ham luong soi 30% vat liéu sir dung soi
cacbon Toray c6 d0 bén kéo dirt va d6 bén udn 16n hon so vat liéu st dung sg¢i cacbon Gungwei.
3.3. Nghién ciru anh hwéng ty 18 thanh phin nhya va s¢i cacbon dén d§ cimg va do bén va dap

Két qua do d6 ctimg (Rockwell - HRC) cho thay ham luong soi cacbon lam ting d¢ cing cta
vat liéu, khi ham luong soi cacbon cang 16n thi vat liéu c6 do cimg cang cao [22, 23]. P6i véi vat
lidu gia cuong boi sgi cacbon Gungwei do cimg dat gia tri 16n nhat khi ham luong sgi cacbon
chiém 25% khbi lugng tuong img voi gia tri 37.4 HRC, khi ham lugng soi cacbon hon 25% d6
cing giam, twong tu d6i voi chi s va dap cua vat liéu (bang 3). Nhu két qua ddi voi do bén kéo
va d6 bén ubn, khi ham lugng sgi cacbon Gungwei hon 25% dién ra su hinh thanh cac nhoém soi
do lién két tinh dién lam soi khong phan tan déu trong nhya cho nén tinh chat vat liéu bi suy
giam. Két qua kiém tra chi s6 va dap (loai c6 khia) véi gid tri cao nhét dbi véi vat liéu compozit
gia cuong bdi sgi Gungwei la 66,0 J/m khi ham lugng soi cacbon 1a 25%. Péi véi vat lidu gia
cuong boi sgi cacbon Toray do cing vat liéu va do bén va dap dat gia tri 16n nhét khi ham lugng
s¢i cacbon la 30% tuong Gng vai cac gia tri 1a 37,6 HRC va 67,1 J/m, l6n hon so véi vat liéu gia
cuong boi sgi cacbon Gungwei (bang 3).

Bing 3. Anh hudng cia ty 1é thanh phan nhwa va soi cacbon dén dg ciimg
va chi s6 va ddp vat liéu.

STT Ty 1é PA6/Soi D) cirg, HRC Chi sb va dap, J/m
C C1 C2 C1 C2

1 100/0 5.9 5.9 20,9 20,9
2 95/5 20.3 76 29,5 23,4
3 90/10 22.5 9 39,9 35,6
4 85/15 25.1 16.7 452 36,5
5 80/20 29.8 193 50,1 49,8
6 75125 37.4 26.4 66,0 53,9
7 70/30 33.1 37.6 29,6 67,1

3.4. Nghién ciru vé hinh thai hoc ciia s¢i cacbon toray va Gungwei trén nén nhya PA6

Nghién ctru su phan tan va bam dinh soi cacbon trén nén nhya pa6 bang thiét bj do SEM véi
d6 phong dai tuong g véi cac thude do 200 pm va 50 pm (hinh 2) cho thay ddi v6i nhua nén
PAG6, soi cacbon Gungwei va soi cacbon Toray déu cho kha ning phan tan déu (hinh 2a, 2c),
trong d6 nhwa PAG6 trai déu trén bé mit soi cacbon Toray hon so véi sgi cacbon Gungwei, cho
kha ning bam dinh ctia nhya tét hon (hinh 2b, 2d).
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Hinh 2. Hinh thai mdt cdt ngang cia vit liéu compozit ty 1é thanh phan khéi lwong nhwa/soi
la 70/30. Spi cacbon Toray (anh a,b) va soi cacbon Gungwei (anh c,d).

4. KET LUAN

Soi cacbon Toray va Gungwei voi kich thuéc dudi 300 um déu c6 kha ning phan tin déu
trong nhua nén PA6 bang phuong phap tron noéng chdy, soi lam ting d6 bén kéo va do bén udn
cua vat li€u compozit trén nén nhua PAS6, trong d6 voi ham lugng soi 30% sgi cacbon toray cho
kha ning twong thich cao hon, cho két qua do bén co tinh cao nhat véi cac gia tri tuong tmg do
bén kéo, d6 bén udn, do climg va do bén va dap 16n nhét tuong tng 12 67.4 MPa, 104.3 MPa, 37.6
HRC va 67.1 J/m.

Loi cim on: Nhom tic gia cam on sy tai tro vé kinh phi ciia dé tai KC-BM.11 va dé tai So KH&CN Ha
Noi “Nghién ciru che tao vt ligu comporzit trén nén 16 hop Polyamide 6, soi cacbon va mgt so phu gia irng
dung trong cong nghé in 3D compozit”, hop dong so 19/2021/HP-SKHCN ngay 28 thang 7 nam 2021.
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ABSTRACT

Research on fabrication of composite
based on polyamide 6 matrix and chopped carbon fiber

Composites based on polyamide 6 matrix and carbon fiber with the diffirent mass ratio
were investigated to evaluate their mechanical properties. Polyamide 6 made by BASF was
used as the matrix with chopped carbon fiber made by two different firms Gungwei (china)
and Toray (japan) as the reinforcements for fabrication of composites. Tensile strength at
break, flexural strength, hardness and izod impact were measured to compare properties of
composites based on pa6 matrix with two different reinforcements of chopped carbon fiber.
The morphology of bonding beetween pa6 and chopped carbon fibers was studied by SEM
methods. The results showed that with the mass ratio 70/30 tensile strength at break,
flexural strength, hardness and izod impact of composite based on pa6 matrix and chopped
carbon fiber made by Toray reach the highest value in the survey range 67.4 MPa, 104.3
MPa, 37.6 HRC and 67.1 J/m respectively. Bonding morphology beetween pa6 and
chopped carbon fiber with the mass ratio 70/30 showed that pa6 is more compatible with
carbon fiber made by Toray than carbon fiber made by Gungwei.

Keywords: Composite material; Polyamide 6; Carbon fiber.
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