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TOM TAT

Nghién curu nay khao sat anh huong cua hai loai phu gia vé co la oxit kém (ZnO) va tro bay
dén cdc dac tinh co hoc cua vat liéu nén polyamide 6 (PA6) gia cuong bcing 30% soi thuy tinh. Cac
mau composite dwoc ché tao bang phwong phdp phun ép véi cdc théng sé gia cong dwoc toi wu héa
theo phwong phdp Taguchi. Bdc tinh co hoc dwoc ddnh gid qua cac phép thir kéo, uon, do do cimg
Shore D va phan tich hinh thai hoc bang kinh hién vi dién tir quét (SEM). Két qua cho thdy tro bay
gip cdi thién dang ké dp bén kéo va uon, trong khi ZnO lam tang d ciing nhung dnh hwong tiéu
cue dén do bén kéo va do déo dai. Phén tich dir liéu bcfng phc”in mém Minitab xdc dinh dwoc cdc
théng s6 ép toi wu cho tirng loai phu gia. Nghién ciru nay cung cdp co sé thwe nghiém cho viéc lira
chon vdt liéu composite phu hop cho cac ung dung ky thudt yéu cau tinh co hoc cao va than thién
moi truong.

Tir khoa: Composite; PA6; ZnO; Tro bay; g bén kéo; P bén uon; Phun ép; Taguchi;
SEM; Minitab.

ABSTRACT

This study investigates the effects of two inorganic additives — zinc oxide (ZnO) and fly
ash — on the mechanical properties of a polyamide 6 (PA6) matrix reinforced with 30% glass
fiber. Composite samples were fabricated using the injection molding method, with processing
parameters optimized via the Taguchi approach. Mechanical performance was evaluated through
tensile and flexural tests, Shore D hardness measurements, and morphological analysis using
scanning electron microscopy (SEM). The results indicate that fly ash significantly enhances
tensile and flexural strength, while ZnO increases hardness but negatively affects tensile strength
and toughness. Statistical analysis using Minitab identified the optimal molding parameters for
each type of additive. This study provides an experimental basis for selecting suitable composite
materials for engineering applications requiring high mechanical performance and environmental
sustainability.

Keywords: Composite; PA6;, ZnO; Fly ash; Tensile strength, Flexural strength; Injection
molding; Taguchi; SEM; Minitab.
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1. TONG QUAN

1.1. Tong quan vit liéu composite PA6 +
30%GF va phu gia

Vit liéu composite trén nén nhwa nhiét
déo hién nay dang dugc st dung rong rai trong
nhiéu linh vuc k¥ thuat nho sy két hop hiéu
qua giita dic tinh dé gia cong cua nhya nén va
d6 bén co hoc cao ciia chét gia cuong. Trong
do, polyamide 6 (PA6), hay con goi 1a Nylon 6,
1a mét trong nhimng polymer ki thuat phd bién
nhét do co su can bang tt giita cc tinh chat co
hoc, nhiét va héa hoc. Tuy nhién, PA6 nguyén
chat van con ton tai mot s6 han ché nhu kha
nang chiu luc khong cao, dé bién dang dudi tai
trong 16n va dic biét nhay cam véi do am. Vi
vay, dé cai thién nhiing nhugc diém nay, viéc
gia cuong bang soi thuy tinh (Glass Fiber —
GF) tr¢ thanh mot giai phap hi¢u qua [1].

Khi két hop PA6 v6i 30% soi thuy tinh
theo khéi lugng, ta thu dugc vat li¢u PA6 30GF
— mot dang composite o tinh cht co Iy vu viét
hon han so v&i PA6 nguyén chat. Soi thiy tinh
trong h¢ vat li¢u nay dong vai tro nhu khung
xuong chiu lyc, gitp ting do bén kéo, do bén
udn, do cung va on dinh kich thuge. Ciu tric
mang s¢i bén trong 1am han ché bién dang do
tai trong hodc gidn nd do nhiét, déng thoi lam
giam do co ngét sau gia cong, gitp san pham co
hinh dang chinh xac va it sai s6 kich thudc hon.
Kha nang chiu va dap, chiu mai mon cling dugc
cai thién dang ké, bién PA6 30GF thanh vt li¢u
Iy twong cho cac chi tiét 1am viéc trong diéu
kién co — nhiét khic nghiét nhu vé hdp truyén
dong, canh quat, tay cam, khung may hodc cac
chi tiét 6 to — dién tir k¥ thuat [1].

Tuy nhién, dé tiép tuc nang cao hiéu
suét sir dung va phat trién san pham theo hudng
than thién voi méi trudng va kinh té tuan hoan,
viéc bd sung thém cac phu gia vd co vao vat

liéu nén PA6 30GF la xu hudng nghién ctu
hién dai. Trong dé tai nay, hai loai phu gia dugc
lga chon 1a bdt nano oxit kém (ZnO) va tro bay
— déu 1a nhiing vat lidu c6 tiém nang ing dung
cao va san c6 [1].

Bot nano ZnO (ZnO NPS) 1a mot vat
liéu nano da nang voi kich thudc hat si€éu nhd
(20-60 nm), c6 cu trac tinh thé on dinh va
kha nang tang do cting cho polymer khi phan
tan déu trong nén nhya. ZnO con c6 tinh chét
khang khuén, chéng tia UV, dan nhiét tot va
gitip 6n dinh hinh hoc cho san pham. Tuy nhién,
do kich thudc nano va xu hudng két tu, viec
sir dung ZnO hiéu qua phu thudc nhiéu vao ki
thuat xir Iy bé mat (nhu str dung phu gia silane
A1100) va quy trinh phan tan dong déu [2-5].

Tro bay 1a mét loai phu gia khoang dang
bot, chu yéu dugc sinh ra tir qua trinh dot than
da trong cac nha may nhiet dién. Thanh phan
chu yéu cua tro bay bao gdm céc 0x1t nhu SiO,,
A1203, Fe,O, va CaO. Day 1a ngudn phu pham
cong nghlep khong 16, néu khong duoc xir 1y
hop 1y s& gdy 6 nhiém méi truong. Trong linh
vuc composite, tro bay dugc xem la chat don
gitip ting cuong d6 bén, giam ty trong va gia
thanh san pham. So véi ZnO, tro bay c6 kich
thude hat 16n hon (2-10 pm), nhung kha nang
bdm dinh véi nén nhuya lai tot hon, nhét 14 khi
dugc xtr Iy bang chat lién két bé mat (coupling
agent) [6-8].

Viée két hop PA6 30GF véi ZnO hodc
tro bay khong chi m¢ ra kha nang cai thién co
tinh ma con mang ¥ nghia 16n trong hudng tiép
can phat trién vat liéu xanh, bén virng, tdn dung
phé pham cong nghiép va giam phu thudc vao
nguyén liéu nhap khau gia cao. Bén canh do,
s hd trg cua cac cong cu hién dai nhu thiét
ké thi nghlem theo phuong phap Taguchl phan
tich t6i uu thong sO bang phan mém Minitab va
kiém chimg bang thiét bi SEM cang lam cho <~
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nghién ctru nay tré nén toan dién va mang tinh
ung dung cao [1].

1.2. Cong nghé ép phun va do kiém

Phuong phap ép phun duoc sir dung dé
ché tao cac mau composite tir vat liéu PA6 gia
cuong 30% soi thuy tinh két hop véi phu gia
Zn0O va tro bay. Qua trinh ép dugc thuc hién
trén may HAITIAN MA1200 III véi cac thong
sO nhu ap suat phun, thoi gian phun, ap suit
giit, thoi gian gitt va nhiét do phun duoc thiét
1ap theo ma tran thuc nghiém Taguchi L25.

Sau khi ché tao, cac mau dugce kiém tra
co tinh bang phuong phap kéo (ASTM D638),
uén (ASTM D790) va do dd ctimg Shore D.
Ngoai ra, bé mit pha hiy cia miu con duoc
phan tich bang kinh hién vi dién tir quét (SEM)
nham danh gid mic do phan tan va lién két ctia
phu gia trong nén nhya. Cac phép do duoc lap
lai @& dam bao do tin cdy va dugc phan tich
bang phan mém Minitab.

2. PHUONG PHAP THU'C NGHIEM
2.1. Chuén bj vat liéu va phdi tron

Quia trinh chuén bj vat liéu trong nghién
ctru bao gém viée xir 1y bé mit phy gia bang
silane, phéi tron voi hat nhua PA6 + 30% soi
thity tinh va tao hat thong qua thiét bi dun. Pau
tién, dung dich silane A1100 duoc pha ché
theo ty 1¢ thich hop va diéu chinh pH bang axit
axetic nham thuc day qua trinh thuy phan, glup
silane hoat hoa va tao lién két tot hon véi bé
mat phu gia. Tiép theo, cac phu gia ZnO (0-
3%) va tro bay (2,5-10%) duoc phdi tron véi
hat nhya PA6 + 30%GF. Trong luc tron, dung
dich silane duoc phun truc tiép dé tang kha
ning bam dinh va phan tan dong déu trong nén
nhua. Sau khi phéi tron, hon hop duge dua vao
may dun dé tao thanh sgi composite, sau d6 1am
ngudi bang nude va bam thanh hat nho phuc vu
cho qua trinh ¢p phun Toan bo qua trinh giup
dam bao su dong nhét cua vt heu tang kha
ning twong thich giita phu gia va nén nhya, tir
do6 cai thién hiéu qua tinh chit co hoc cua san
pham composite (Bang 1).

Bdng 1. Thong s6 1 ¢ pha silane cho moi ti 1é phu gia phun vao nhua

Tilé¢ ZnO / Khéi lwong ZnO | Khoi lwong silane | Khéi lwong nwéc Khdi lwong
composite (%) (2) (2) (2) ethanol (g)
0 0 0 0 0
1 20 4 1.6 14.4
2 40 8 32 28.8
3 60 12 4.8 43.2
4 80 16 6.4 57.6
Ti 1€ tro bay / Khdi lwgng tro | Khoi lwgng silane | Khéi hrgng nuéc Khéi hrgng
composite (%) bay (g) (2) (2) ethanol (g)
0 0 0 0 0
2.5 50 10 4 36
5 100 20 8 72
7.5 150 30 12 108
10 200 40 16 144
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2.2. Ep miu va thiét 1ap thong s6

Qua trinh ép mau 1a mot khau quan
trong nham tao ra cic san pham composite dat
yéu cau hinh hoc va tinh chét co hoc dé phuc vu
cho cac phép thtr nghiém kéo, udn va do cing.
Trong nghién ciu nay, phuong phap €p phun
dugc thuc hién trén may HAITIAN MA1200
111, mot thiét bi ép nhwa hién dai c6 kha ning
diéu khién chinh xac cac thong s6 cong nghé
nhu 4p suat, nhiét do va thoi gian.

(*) Muc tiéu thiét 1ap thong s ép

Nham xéc dinh cac thong s téi uu anh
hudng dén chat lugng miu ép, nhém nghién
cuu lya chon 5 yéu t6 chinh bao gom (Bang 2):

« Ap sut phun (bar);

* Thoi gian phun (s);

« Ap suat gitr (bar);

* Thoi gian git (s);

« Nhiét d6 dau phun (°C).

Pé dam bao do tin cdy va bao quat toan
bo dai gia tri khao sat, mdi thong s6 duoc chia
thanh 5 murc. Ban dau, nhom st dung nhya PA6
+ 30%GF chua phdi tron phuy gia dé tién hanh
cac thir nghiém xac dinh murc thong s6 toi thiéu
can thiét ¢&& mau duoc ép day khuon, khong co
bavia hay 16 rong.

Bdng 2. Mirc théng s6 thap nht

Thong sb Giatri | Don vi
Ap suét phun 35 bar
Thoi gian phun 3 S
Ap suit giir 32 bar
Thoi gian gitr 0 s
Nhiét do 270 °C

Sau khi c6 dugc murc thong sb thap
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nhit, ta s& tién hanh khao sat bang phuong
phap Taguchi dé tim ra by thong so to61 wu nhat
cho cac mau ép.

3. THU'C NGHIEM VA PHAN TiCH KET
QUA

(*) Phuong phap do do bén

Tién hanh thi nghiém do do bén cua
mau bang méay kéo van niang thudc Trudng
Pai hoc Su pham K¥ thuat Thanh phé H6 Chi
Minh. Panh gia, phan tich két qua thuyc nghiém
bang phan mém Taguchi, ANOVA va ham ti 1¢
Fmax/m dé tim thong s6 toi wu cho hai loai phu
gia dang khao sat (Hinh 1, 2).

Cong tic

kep

Hinh 2. Giao dién phan mém SIMATIC WinCC
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cokhivietnam.vn



NGHIEN CUU - TRAO DPOI

PAGDOGT

Yy

1

a1

rasicr
19

RAGIOGT +

_—

“,,.;
|
1111

Jv-u.

PACOOGE +

I 1

2,5% tro by

sw- b-'

{7 111
A La

r+
oy by

| 1

Hinh 3. Mau sau khi do do bén kéo — uon

(*) Két qua d6 bén kéo — udn ciia mau composite voi chat don (Hinh 3) nhu Bang 3.

Bdng 3. B¢ bén kéo — uon cuia tung loai composite voi chat don la ZnO

Apsudt | Thoi C g Thoi n. 2~ | DObén | Do bén

STT | Composite phun gian A,p suat gian giir Nh(lft do kéo uén
(bar) | phun(s) | ETP |7 (O vMpa) | (vpa)
1 35 3 32 0 270 85.88 154.05
2 37 3.5 34 0.2 272 83.12 142.89
3 | PA6+30% GF 39 4 36 0.4 274 99.23 140.67
4 41 4.5 38 0.6 276 107.09 | 158.53
5 43 5 40 0.8 278 11534 | 167.48
6 35 3.5 36 0.6 278 131.44 | 164.95
7 PAGE 30% 37 4 38 0.8 270 110.15 128.64
8 | GF+ 1% 710 39 45 40 0 272 80.45 121.95
9 41 5 32 0.2 274 99.00 126.43
10 43 3 34 0.4 276 93.89 123.08
11 35 4 40 0.2 276 101.69 | 123.26
12 PAGE 30% 37 4.5 32 0.4 278 120.68 | 130.90
13 | GF +20% 700 39 5 34 0.6 270 11526 | 133.12
14 41 3 36 0.8 272 101.90 | 127.51
15 43 3.5 38 0 274 103.24 | 13425
16 35 4.5 34 0.8 274 51.07 127.51
17 PAGE 30% 37 36 0 276 45.45 127.51
18 | Gk 4 300 700 39 38 0.2 278 36.05 128.64
19 41 3.5 40 0.4 270 49.38 96.13
20 43 4 32 0.6 272 43.43 75.60
21 35 5 38 0.4 272 55.18 73.98
22 PAGE 30% 37 3 40 0.6 274 41.70 96.27
23 | GE a0 zgo 39 3.5 32 0.8 276 54.09 129.37
24 41 4 34 0 278 52.91 145.15
25 43 4.5 36 0.2 270 54.64 128.24
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(*) Két qua do bén kéo tdi wu thu dugc
cho chat phu gia Tro bay (Hinh 4, 5) la:

tilé tro
bay / ap suat
composite phun thdi gian &p suat thdi gian nhiét
Level (%  (bar) phun (s) gilt (bar)  giir (s) do (°C)
1 39.77 40.80 40.60 41.18 40.77  40.52

2 4167 4082 40.67 40.73 4065 4072
3 4077  41.23 40.82 40.76 41.03 41.30
4 40.94 41.03 41.38 40.92 4126 41.20
5 4181 4108 41.50 41.37 4125 41.23
Delta 2.05 0.42 0.90 0.64 0.61 0.78
Rank 1 6 2 B 5 3

Hinh 4. Dir liéu phan tich murc do anh huong cua
tung bién dén do bén kéo cua san phdm bang phan
meém Minitab

Hinh 5. Dir liéu phan tich murc do anh huong cua
tng gia tri cua moi bién den do bén kéo cua san
pham bang phan mém Minitab

Tir hai két qua phan tich trén, ta thu
duogc bd thong so toi vu nhu sau:

* Ti 1¢ tro bay/composite: 10 (%);
« Ap suit phun: 43 (bar);

* Thoi gian phun: 5 (s);

« Ap suit giit: 40 (bar);

* Thoi gian gitr: 0.8 (s);

* Nhiét do: 278 (°C).

(*) Két qua do bén udn téi wu thu dugc
cho chat phu gia Tro bay nhu Hinh 6 va 7:

ti lé tro
bay / ap sudt
composite  phun thdi gian ap suat thai gian  nhiét
Lewvel (% (bar) phun (s) gil (bar)  gii (s) 6 (*C)
4366 4407 43.98 44.08 4400 4377

=

2 4408 4403 4372 4376 4388 4385
3 4404 43T 437 4399 4379 439
4 4383 4375 4415 4401 4398 4425
5 44320 4424 44,24 4396 4415 4402
Delta 054 054 0.53 0.32 036 049
Rank 2 ] 3 [ 5 4

Hinh 6. Dir liéu phadn tich mirc d¢ anh huong cua
tirng bién dén do bén uon cua san pham bang phan
mém Minitab

-
Hinh 7. Dit liéu phan tich mucc do anh hwong cua
ting gia tri cua bién dén do bén uon cua san pham
bang phan mém Minitab

Tir hai két qua phén tich trén, ta thu
duoc bo thong sb t6i wu nhu sau [3], [4], [5],
[11], [12]:

* Ti 1¢ tro bay/composite: 10 (%);
« Ap suit phun: 43 (bar);

* Thoi gian phun: 5 (s);

« Ap suit giir: 40 (bar);

* Thoti gian gitr: 0.8 (s);

* Nhiét do: 278 (°C).

Két qua do d6 bén kéo — udn cua cac
mau composite chita ZnO cho thdy xu huéng
suy giam ro rét khi ham luong ZnO tang. Tai ti
1& 1% ZnO, do bén kéo va do bén udn dat gia
trj cao nhat (131.4 MPa va 164.95 MPa), tuy
nhién tir 2% tré 1én bat ddu giam nhanh, va &

mirc 4% ZnO, cac chi tiéu co hoc thip hon ca &~
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mau gdc. Didu nay ching to kha ning phan tan
va tuong tac cua ZnO véi nén nhua c6 gidi1 han,
viéc sir dung qua mic dan dén hién tuong Kkét
tu va pha vo cAu tric vat liéu.

Cac mau chira tro bay c6 xu huéng ting
dan d6 bén kéo va udn theo ham luong. Mau
chtra 10% tro bay dat do bén kéo 131.44 MPa
va d6 bén ubn 171.05 MPa, tang lan luot 25.8%
va 10.3% so v&i mau PA6/30GF gbc. Diéu nay
cho thay tro bay c6 hiéu qué gia cudong t6t hon
ZnO trong hé composite nghién ctru. Ngoai ra,
viéc tan dung tro bay con mang lai lgi ich kinh
té va moi truong dang ké [1].

4. KET LUAN

Nghién ctru da khao sat anh huong cua
hai loai phu gia vo co — ZnO va tro bay — dén
tinh chét co hoc cta vat liéu composite nén
PA6 gia cuong 30% soi thuy tinh, thong qua
qua trinh ép phun va t6i wu héa bang phuong
phap Taguchi. Két qua cho thdy, viéc b sung
tro bay gilp cai thién dang ké do bén kéo va
d6 bén ubn, dic biét & ty 1¢ 10%. Trong khi do,
ZnO chi hiéu qua ¢ ty 18 thap (~1%), con néu
vuot qua mirc nay s€ lam gidm co tinh do hién
tuong két tu hat.

Do cung bé mat tang lén & ca hai loai
phu gia, trong d6 ZnO gitp ting do ctg nhiéu
hon, nhung khong cai thién do bén tong thé.
Phan tich SEM cho thay tro bay phan b6 déu
va bam t6t hon so v&i ZnO, giup 1y giai co ché
gia cuong. Phan tich t6i vu bang Minitab xéac
dinh duoc bo thong sd ép phun phu hop cho
tung loai vat liéu. Nhin chung, tro bay la phu
gia hi¢u qua va than thi¢n moi truong, co tiém
ning thay thé mot phan chat don truyén thong
trong san xuét vat liéu ky thuat.

(*) Péng gop cua tac gia:

- Hinh thanh y tudng va muc tiéu nghién

cuu: Vi Quang Huy;

- Thuc hién nghién ctru, thu thap di
lidu, phan tich dir liéu, viét va chinh sta bai
b4o: Vil Quang Huy, Nguyén Truong Vii, Lé
Anh Huy, Chu Hoai Thanh.

Loi cam on:

Nhoém nghién ctru xin cam on Truong Dai
hoc Su pham K¥ thuat Thanh phé H6 Chi Minh
da tao diéu kién va hd tro trong qua trinh thyc hién
nghién ctru nay (Ma s6 dé tai: T2024-219). 4
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