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Tém tit

Trong ndi dung bai bdo nay, két qua nghién civu cdc tinh chdt co ban ciia vit liéu composite trén nén vit
liéu Polyester khong no, Reversol P9509NW, gia cuong xap xi 57 % vé khoi lwong tir vdi soi Basalt Fabric Type
TBK-100 dirgc cung cdp béi Basfiber®, Kamenny Vek, Russia do doi tac nghién ciru tir Khoa Co khi, Trieong
Dai hoc Ky thudt Liberec, Cong hoa Séc hé tro sé duoc trinh bay. Két qua vé dé bén kéo, dé bén uon, dé madi
mon va dg hdp thu nuwée dwoc ding dé so sanh doi chirng véi cdc tinh chat cia vit liéu composite gia cuong
bang 01 ching loai spi thity tinh (khodng 55% vé khoi lwong) dang dwoc sir dung trong hoat dong déng tau,
dong thoi vién dan véi yéu cau ky thudt cia Quy chudn ky thudt quoc gia Viét Nam QCVN 56:2013/BGTVT vé
phdn cdp va dong tau lam bang chat déo cot soi thity tinh. Két qua nghién cieu dd cho thdy vt liéu composite
gia cuong bcing soi basalt dwoc chon co co tinh xd}? xi bc%ng hodc 16t hon vé dé bén kéo va dé bén uén, va
twong dirong vé d mai mon so véi vit liéu composite gia cwong bang soi thuy tinh. Tir d6 cho thdy tiém ndng
sir dung soi basalt thay thé soi thity tinh img dung trong déng tau composite, huwdng téi phdt trién bén viing

tai Viéet Nam.

Tir khoa: vt lieu composite, sgi basalt, soi thiy tinh, nhwa polyester khong no.

Abstract

In this paper, the essential properties of composite based on unsaturated Polyester matrix, Reversol
PI9509NW, reinforced by Basalt Fabric Type TBK-100 around 57% (wt%) from Basfiber®, Kamenny Vek
Advanced Basalt Fiber company (Russia) which was donated by research cooperator — Faculty of Mechanical
Engineering, Technical University of Liberec, Czech Republic. The tensile, flexural, abrasion and water ab-
sorption properties were in comparison with the properties of typical composite reinforced by one kind of glass
fiber (55% by weight) which is used in shipbuilding, in accordance to QCVN 56:2013/BGTVT at once. The
results show that the mechanical properties of composite reinforced by the basalt fiber are virtually identical or
better than those of glass fiber, the water absorption properties are almost the same. Based on the preliminary
results, we can temporarily conclude that basalt fibers are potential alternative to glass fibers in shipbuilding,
moving towards sustainable development in Viet Nam.

Keywords: composite material, basalt fabric, glass fiber, unsaturated polyester resin.

1. MO DAU

Vit liéu composite ndi chung va vat li¢u
composite gia cuong bang cdt soi (fiber-
reinforced composites - FRP) noi riéng dong
vai tro vO cliing quan trong trong doi séng xi
hoi, dac bi¢t trong cong nghié¢p dong tau trén
thé gigi. O Viét Nam FRP dugce dung dé ché
tao vo tau cd nho va tau khai thac thuy san co

¥ nghia thyec tién vo cung to 16n. Vi hon 3600
km b bién, Viét Nam c6 tiém ning Iy tuong dé
phat trién nganh kinh té bién, nganh da va dang
dem lai hi€éu qua kinh té cao vé danh bit, nudi
trong thuy san xuat khau va du lich cho nuéc
nha. Vit liéu composite c¢6 nhitng wu diém ndi
trdi ma vat liéu truyén théng nhu thép, gb...
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khéng c6 duoc nhu: dinh huéng phwong, chiéu
t6i wru trong kha nang chiu tai, kha ning chong
n mon cao, it bi hau ha bam ban, bao vé ngudn
g0 dang dan can kiét, d& dang bao dudng [1].

Hién nay, vat li¢u gia cuong cho vat li¢u
composite phd bién 1a soi thay tinh, loai soi
duoc ché tao tir céc loai oxyt vO co chu yéu nhu
Silica (Si0,), Oxide kiém (Alkali Oxides: Na,
CO, vaK,CO,), Oxide kiém thd (Alkaline Earth
Oxides: CaCO,, MgO)... va nhiéu phu gia dé
di€u chinh tinh chat nhu: F, TiO,, ZrO,... Tuy
nhién, vo tau ché tao b'fmg vat liéu FRP bén canh
nhitng uu diém vuot troi, chiing ciing dwoc danh
gia 13 ton tai nhiéu han ché va dic biét nhét 1a
vt liéu c6t soi thiy tinh kha doc hai anh hudng
dén mai trudng [2] va strc khoe cong nhén [3].
Theo cac két qua nghién ctru tir Hiép hoi vé Phdi
ctia My, bui soi thuy tinh ¢6 tic hai 16n dén hé
théng tudn hoan, mét va da, dic biét chiing 1a tac
nhén c6 thé gay ung thu phdi [4].

Trong nhiing niam gan day, soi basalt dang
thu hut duge rit nhidu nha nghién ciru trén thé
gidi quan tdm. So voi soi thuy tinh, sgi basalt
c6 ngudn gbe dén tir d4 basalt ty nhién, quy
trinh tao sgi don gian hon, st dung it hoa
chat hon nén dugc danh gia 1a than thién hon
voi moi truong [5],[6]. Bén canh do6 theo cac
nghién ctru méi duge cong bd, soi basalt co
tinh chat t6t hon so vdi soi thiy tinh vé tinh
chat co hoc (nhu d6 ctmg, kha ning chiu kéo),
bén véi hoa chat, nhiét do va dic biét 1a c6 gia
thanh tuong ddi hop 1y [7],[8]. Mic du vay, qua
tim kiém tir nhiéu ngudn thong tin thi hién nay
céc cong trinh nghién ctru lién quan dén viée sir
dung soi basalt lam vét li¢u gia cuong cho vat
liéu composite lam vo tau hodc cac cong trinh
khoa hoc khic c6 lién quan & nudc ta van chua
dugc tim thay.

Vi vay, viéc nghién cuu khd nang sir
dung soi basalt nhu la vat li€u gia cuong cho
composite phuc vu trong nganh cong nghiép
tau thuy, nham da dang hoa, nang cao chat
lugng cua vat li€u lam than vé tau giam thiéu
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tac hai lau dai dén stc khoe cong nhan va than
thién hon méi truong 1a hét sirc can thiét. Bén
canh d6, trong cong cudc cong nghi¢p hoa,
hién dai hoa dit nuwéc, nhiéu linh vuc cong
nghé dugc chu trong trong d6 c6 cong nghé vat
liéu méi, nén nghién ctru nay s& gop phan mo
rong ngudn nguyén lidu gia cudng composite,
nang cao chét lugng cta vat liéu nhim thu hat
nhiéu ing dung cta vat lidu tiém ning niy vao
cac nganh cong nghiép khac. Trong nghién cuu
nay, nhiing tinh chit co ban nhu d6 bén kéo,
d6 bén udn, dd mai mon va do hép thu nudc
clia vét liéu composite gia cuong bang vai soi
basalt trén nén vat liéu Polyester khong no
duoc xac dinh va so sanh voi cac tinh chét cua
vat liéu composite gia cudng bang soi thity tinh
trén nén vat liéu Polyester khong no - vét li¢u
duogc st dung rong rai trong nganh dong tau tai
Viét Nam hién nay; dong thoi ddi sanh voi yéu
ciu cua tiéu chuan ky thuat Viét Nam vé vat
lidu composite ché tao tau thity [9], tir d6 rat ra
két luan vé kha nang co thé sir dung soi basalt
thay thé mot phan hodc hoan toan sgi thiy tinh
ung dung trong dong tau composite.
IL. VAT LIEU VA PHUONG PHAP

NGHIEN CcUU

2.1. Vat liéu

Vit ligu gia cuong dugc su dung la soi
basalt Fabric Type TBK-100 duoc cung cap boi
Basfiber®, Kamenny Vek (Russia), do dbi tac
nghién cuu tr Khoa Co khi, Truong Pai hoc Ky
thuat Liberec, Cong hoa Séc hd trg voi cac thong
tin co ban dugc trinh bay ¢ Bang 1 [10], soi thiy
tinh W120 c6 trong luong 120 g/m? xuét xu tir
Trung quéc; Nhuya nén 1a nhya Polyester khong
no loai Reversol P9509NW xudt xtr tir Han
Quéc - loai nhya dugc sir dung rong rai trong
dong composite quy mo cong nghiép tai Viét
Nam; Hoa chat xtc tic déng rin MEPOXE
va chit chdng dinh wax. Cac vat lidu W120,
P9509NW, MEPOXE va chng dinh wax dugc
hd tro tir Vién nghién ctru ché tao tau thuy -
Truong Pai hoc Nha Trang (Uninship).
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Bang 1. Tinh chét cia vat li¢u gia cwdng basalt Fabric Type TBK-100 [10]

Tinh chit

Don vi do Gia tri Pinh murc

Soi basalt don

Khéi luong riéng (Mat do) g/cm? 2.67
Khoang nhiét d¢ khai thac (Str dung) °C -250 ++650
Hé s6 gian nd nhiét dai (tuyén tinh) 1/°C 35+1077
Puong kinh monofilament (sgi don) pm 10-13
Do am wt % <0.5
Ham luong chat 1am bén (Sizing) wt % >0.4
Do bén kéo dit riéng cua soi xodn kép (**) mN/tex > 650
Vi dét
Kiéu dét Van diém/tron (Plain)
Trong luong g/m? 210+20
Khé (Chiéu rong) cm 100+ 1
o Soi doc (Warp) F/100 mm 100+ 1

Mait d6 soi -

Soi ngang (Weft) F/100 mm 95+1
D6 bén kéo dirt | >01-99¢ (Warp) N > 784

Soi ngang (Weft) N > 784
Kiéu mép bién Khau/May vién (Stitched)
bo day mm 0.19+£0.04

2.2. Phwong phdp tién hanh thuc nghiém

2.2.1. Phwong phdp ché tao miu

Vai soi basalt va vai sgi thuy tinh dugc dinh
phuong phuc vu cho thi nghiém, bao gom:
Phuong 1 1 phwong theo chiéu dai cta tim vai
(phuong cudn vai) va phuong 2 1a phuong theo

chiéu ngang (chiéu rong cia tim vai) - Hinh 1.
T hop mau duge ché tao bao gém nhya nén
Reversol P9509NW duoc gia cudng bang soi
basalt phuong 1 va phuong 2; soi thuy tinh
W120 phuong 2 (véi soi thiy tinh phuong 1 va
phuong 2 tuong tu nhau).

Hinh 1. Vai s¢i basalt (a) va vai s¢i thiy tinh (b)
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Vé6i 02 chiéu day yéu cu cho tdm dé ché
tao mau kiém nghiém d6 bén kéo, d bén udn,
d0 mai mon va d6 hut nude la t > 3,0 mm va
chiéu day tim dé ché tao miu kiém nghiém do
bén nén 1a t > 10,0 mm, 02 t& hop vat liéu
composite dugc ché tao, bao gém: T hop
voi 18 16p vai sgi basalt, 28 16p vai sgi thiuy
tinh cho chiéu day t > 3,0 mm va t6 hop véi
66 16p vai sgi basalt, 102 1l6p vai soi thuy tinh
cho chiéu day t > 10,0 mm. T ti 18 % khbi
luong mong muén giita sgi/nhya nén khoang
60/40, khbi luong nhya nén duoc can dé dam
bao ti 18 nay. B& mat khudn duoc lam sach va
danh bong, boi chat chéng dinh 1én mit khuén,
pha chat xtic tac dong rén vao nhya va bt dau
gia cong miu composite bang phwong phap

thii cong (hand lay-up). Sau khi xép hét soi,
dé mau kho trong vong 24 gio, sau do6 tach
khuén can dinh luong dé xéc dinh lai ti 1€ soi/
nhya ciia san pham. Tiép theo cic t6 hop mau
duoc gia cong co hoc theo tiéu chuin quy dinh
tuong tng cho thyc nghi€ém xac dinh cac tinh
chat yéu cau.

2.2.2. Xdc dinh dj bén kéo

Quy cach miu dé xac dinh d6 bén kéo cua
vat lidu dugc xac dinh theo tiéu chudn TCVN
4501-4:2009 (ISO 527-4:1997) [11]. Mau thir
nghiém dugc gia cong theo tiéu chuan, co kich
thudc duoc thé hién trén Hinh 2 véi chiéu day
mau duoc chon t >3 mm. T4 hop 06 mau duoc
chuan bi sau gia cong co khi dugc thé hién trén
Hinh 3a.

35—

L 60
100

250

Hinh 2. Miu thir kéo vt liéu

1 423456

Hinh 3. MAu thir udn va thir kéo

Do bén kéo (c,) dugc kiém nghiém trén may
kiém nghiém co tinh van nang HOUNSFIELD
Model H50KS (Hinh 4). Téc d6 gia tai cia may
1a 1,0 mm/min. Gidn ké (Extensometer) dugc
sir dung dé do d6 dén dai, chiéu dai do (Gauge
length) 1a 50 mm. Thi nghiém duoc thyc hién
& diéu kién phong (nhiét d6 23°C - d6 4m 70
+2%).
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Do bén kéo duoc xéac dinh theo cong thtrc:

Y ’ )
k =
bd
Trong do:
P - lyc tac dung 16n nhit khi mau bi pha
huy (N)

b, d: chiéu rong va chi€u day cta mau tai
vung do (mm).
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Mo dun dan héi kéo (M,) cua vat ligu mau doan tuyén tinh ciia dudng cong ting suit - bién
thtr dugc may do ty dong va chon do trén mot dang ctia mau tuong ng.

Hinh 4. May kiém nghiém co tinh van ning HOUNSFIELD Model H50KS

2.2.3. Xdc dinh dp bén uén ctia may 1a 1,0 mm/min. Gidn ké duoc sir dung
Do bén udn (o, dugc xac dinh theo tiéu dé do d6 vong, khoang cach giita 2 gbi c¢b dinh

chuidn ASTM D790 — 00 [12] trén may kiém 1a 50 mm. Mau duoc kiém nghiém ¢ diéu kién
nghi€ém co tinh van nang HOUNSFIELD phong thi nghiém (nhiét do 23°C - do 4m 70
Model HS0KS (Hinh 4). Mau thir nghiém duoc +2%). Mau thir nghiém hinh chit nhat kich

gia cong theo tiéu chuin, c6 kich thudce dugc thude 100x30 mm, chiéu diy mau d = 3 mm
thé hién trén Hinh 5 v&i chidu day t > 3 mm. T hop 06 mau duge chuén bi sau gia cong co
Kiéu thir nghiém ubn 3 diém va tdc do gia tai khi dugc thé hién trén Hinh 3b.

o

100

Hinh 5. Miu thir uén vat liéu

Trong do6:
Do bén ubn cua composite duoc xac dinh P : Luc udn cuc dai tai diém gay (N)
theo cong thuec: L: khoang cach hai gbi d& (mm)
3PL b, d: chiéu rong, chiu day ciia mau (mm)
Oy = 2bd’> @) Mo dun dan hoi udn (M) cua vat ligu mau

thir dugc may do ty dong va chon do trén mot
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doan tuyén tinh cia dudng cong tng suit - bién
dang ctia mau tuong tng.

2.2.4. Xdc dinh d¢ mai mon

D06 bén mai mon duge danh gia trén may
Taber Abraser 5131 (Hinh 6) v6i banh mai
Calibrase CS - 10, theo tiéu chuin ASTM
D1044 — 13 [13]. Tai trong dat 1&én 2 banh mai
dao dong tir 250 dén 1000g, thuong 1a 1000g
cho vat li¢u polymer composite chiu mai mon -
day ciing 1a banh mai dugc chon cho thi nghiém
nay. Thir nghiém dién ra ¢ toc do 60 vong/phut
trong diéu kién phong thi nghiém tiéu chuan
(25°C, d6 4m 50 £2%). Mau thir hinh chit nhat,

kich thude 100 x 100 mm va d6 day t > 3 mm,
v6i 16 D15 mm & giita duge 1am nhin, siy kho
dén khéi luong khong ddi va hut 4m 24 gid
trude khi do.

D6 mai mon (M) duge xac dinh bang lugng
khéi lwong mét di sau 1000 vong quay, do bing
can c6 do chinh xac 10~ *gram theo cong thuc:

M =W, -W, (gram/1000 vong) (3)

Trong do:

W,: Trong lugng mau trudc khi kiém
nghi€ém mai mon (gram).

W,: Trong lugng mau sau khi kiém nghiém
(gram).

Hinh 6. May va mau thir nghiém d¢ mai mon cia vét liéu

2.2.5. Xdc dinh dp hép thu nwéc

Kha ning hz‘ip thu nudc cua vat liéu duogc
danh gia theo tidu chuin ISO 62:1999 [14].
Mau thir dang hinh hép vuong véi kich thude
50 x 50 x 3mm. Trudc khi tién hanh, mau
dugc sdy dén khi dat khdi luong khong doi
va sau d6 dugc bao quan trong binh hut 4m
trong vong 24 gid. Qua trinh thir nghiém bit
dau bang viéc cdn mau trén cin co do chinh
x4c 10*gram, tiép theo 1a ngdm mau hoan
toan trong nudc cit & nhiét do phong. Sau mot
khoang thoi gian ngam tuan ty 01, 02, 04, 06
va 08 ngay mau dugc l4y ra, thim kho bé mat
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bang gidy loc va can lai ngay 1ap tirc, dam bao
thoi gian can khong vuot qua 01 phut sau khi
mau dugc vot ra.

bo hép thu nudc dugc xac dinh theo cong
thirc sau:

m, —m
H=—"""2x100 (%) )
m,
Trong do:
H: Do h?ip thu nudc %
m,: Trong luong mau trude khi ngdm (gram)
m: Trong lugng mau sau khi ngdm (gram)
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III. KET QUA VA THAO LUAN

3.1. Dj bén kéo

Gia tri trung binh thi nghiém vé d0 bén
kéo (o,) va Md dun dan héi kéo (M,) ciia 06
mau tr moi loai vat liéu duoc téng hop tai
Bang 2 va biéu dd Hinh 7. Phan tich cac dit
lidu nay cho thay cac miu composite sir dung
soi basalt c6 d6 bén kéo vuot trdi hon dang ké
so voi cac mau composite sit dung sgi thity
tinh, theo phuong thir 2 d6 bén kéo gép gan

70% (182.2 MPa so véi 107.2), dac biét theo
phuong 1 d6 bén kéo ting gin 124% (239.9
MPa so voi 107,2 MPa) . Diéu nay goi y ring
soi basalt c6 kha niang tuong thich tot v6i nén
nhua Polyester, nhén dinh nay phu hop voi cac
nghién ctru dugc cong b trude day [12] va két
qua ciing di chi ra ring soi basalt c6 thé két
hop hi€u qua voi nhiéu loai nhya khac nhau
nhu epoxy, Polyester, vinyl ester, phenolic,
melamine, acrylate va polyurethane.

Bang 2. Két qua thir nghiém kéo vit liéu

Mau composite thir nghiém c, (MPa) M, (MPa)

C6t soi thiy tinh (phwong 2) 107.2+6.1 5738.2+628.1
C6t soi basalt (phuong 2) 182.2+8.3 7141.9+446.3
C6t soi basalt (phuong 1) 239.9+23.7 8017.3+239.3

BDS bén kéo (MPa)

]
N
<

)
o
S

— —

Do bén kéo (MPa)
=
o

—_
o
(=

N
<

Soi thuy tinh (phuong 2) Soi basalt (phwong 2)  Soi basalt (phuwong 1)

® Modul dan hdi kéo (MPa)

9000
O 8000
7000
6000
5000 |
4000
3000
2000

Mo dun dan hoi kéo (MPa)

1000

Hinh 7. P9 bén kéo va Mo dun dan hoi kéo cia vat li¢u

Tur két qua thar nghiém cho ca 02 phuong
cua soi basalt déu cho thdy do bén kéo va Mo
dun dan hdi kéo cua vat lidu composite chira
so1 basalt [uoén cao hon vat li¢u composite chira
soi thuy tinh. Bang cht y, ca hai loai vat liéu
déu dat cac chi tiéu vé do bén kéo quy dinh
trong QCVN 56: 2013/BGTVT (D6 bén kéo
khong nho hon 98 MPa va M6 dun dan héi kéo

khong nho hon 6860 MPa). Xét vé hudng tac
dung lyc, vat liéu composite cbt so1 basalt co
d6 bén kéo va Mo dun dan hdi kéo 16n nhat khi
luc kéo tac dung theo phuong 1 (song song véi
chiéu cudn vai), cao hon so véi khi luc kéo tac
dung theo phuong 2 (vudng gbc véi chiéu cudn
vai) khoang 10% (8017.3 MPa so voi 7141.9
MPa).

TRUONG DAI HOC NHA TRANG e 9
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Hinh 8 trinh bay dang va vi tri pha huy miu
kéo cua vat liéu gia cudong bang soi thuy tinh va
gia cudng bang soi basalt. Tir Hinh 8a cho thiy,
dbi véi vat liéu composite gia cuong bang soi
thuy tinh, mau kiém nghiém bi pha huy trong
ving lan can cta ving chiéu dai do (Gauge

length). Tuy nhién, ddi véi vat liéu composite
duogc gia cudng bing soi basalt - Hinh 8b, mau
vat li€u kéo chua bi pha huy tai cac viung do
mong mudn kéo ma chi bj pha huy do trugt bé
mit gita co cdu kep ctia may kéo van ning va
bé mat ciia mu thu.

Hinh 8. Miu kéo bi pha hity sau khi thir nghiém

3.2. Dy bén uon
Sau khi ché tao va thir nghi€ém 06 mau uon
v6i moi loai vat li¢u, két qua ve do bén uon (o)

va M6 dun chéng udn (M) trung binh trinh bay
& Bang 3 va biéu d6 Hinh 9.

Bing 3. Két qua thir nghiém udn vat liéu

Mau composite thir nghiém c, (MPa) M (MPa)
Cbt soi thiy tinh (phuong 2) 168.2+6.2 8989.0+298.7
Cbt soi basalt (phuong 2) 156.7+15.3 10394.1+1000.4
Cbt soi basalt (phuong 1) 185.9+9.3 13265.0+270.6
BP0 bén udn (MPa)  ® Modul dan hdi uén (MPa)
26 = 14000
12000 _
250 &
- 10000 &
S 200 ® E
z 8000 .2
“e =
Z 150 :
£ 6000 &
2 100 :
= 4000 =
=
50 2000
0 0

Soi thuy tinh (phuong 2) Soi basalt (phuong 2)  Soi basalt (phuong 1)

N A LA A X A X As A > AL 1A
Hinh 9. D¢ bén uon va Mo dun dan hoi uon cia vat li€u
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Tir két qua Bang 3 va Biéu d6 Hinh 9
chung ta c6 thé nhan thiy, mic du d6 bén udn
clia composite sgi basalt c6 phan kém hon so
v&i composite sgi thily tinh ¢ cung phuong soi
(phuong 2), nhung sy khac biét nay khong lon
- khoang 7,3% (156.7 MPa so véi 168.2 MPa),
didu nay cho thdy kha ning chiu ubn twong
duong gilta cac chung loai vat ligu. Nguogc
lai, M6 dun dan hoi udn ciia composite gia
cuong bang soi basalt lai vuot troi hon so véi
composite soi thuy tinh trong ca hai phuong
ché tao mau. Pidu quan trong la ca hai loai vat
liéu déu dat duoc cac chi sb o bén udn theo
tiéu chuidn QCVN 56: 2013/BGTVT (D6 bén
ubn khong nho hon 150 MPa va Mé dun dan
ho6i udn khong nhé hon 6860 MPa). Ngoai ra,
huéng soi c6 anh hudng 16 rét dén tinh chat co
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hoc ciia composite c¢dt sgi basalt, v6i phuong
1 (song song chiéu cudn vai) mang lai 6 bén
ubn va M6 dun dan hdi udn cao hon phwong 2
(vudng goc chiéu cudn vai).

Hinh 10 mé ta tng xir udn, dudng cong
quan h¢ giira tai trong tac dung va bién dang,
ctia vat liéu dugc gia cuong bang soi thuy tinh
(Hinh 10a) va gia cuong bang soi basalt theo
phuong 2 (Hinh 10b). Tir biéu d6 cho thay,
trudc giai doan pha huy, ca 2 chung loai vat
lidu déu tng xir tuyén tinh; tuy nhién, sau giai
doan chiu tai trong cuc dai, vat li€u gia cuong
bang soi basalt ¢6 tinh “dai” hon khi biéu dd
c6 tinh lién tuc (Hinh 10b) va it pha huy cuc
bd cua sgi thuy tinh hodc vét li¢u nén dan dén
bién dang giam c6 dang ring cua nhu trén
Hinh 10a.
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Hinh 10. Bi€u d6 mé td moi quan hé giira tii trong uon va bién dang tai vi tri gia tai

3.3. Xdc dinh dp mai mon

Bang 4 tong hop dit lidu vé& d6 mai mon
cua 04 miu dugc ché tao tr mdi loai vat
liéu sau qua trinh thir nghiém. Phan tich két
qua cho thiy lugng vat liéu bi mai mon &
mau composite gia cudng biang sgi basalt
16n hon so v&i mau composite sir dung soi
thuy tinh sau 1000 chu ky quay x4p xi 85%
(0.0593 gram so véi 0.0319 gram). Két qua
thi nghiém nay cho thiy co ché pha huy
bé mat dudi tac dung mai mon va/hodc vai
trd ciia cac “sizing agent” - 1a chit hd soi
(trong nganh dét may) hodc chéat lam ndi/

béng bé mit (trong nganh san xuét vat liéu
bé mat rz“in) hodc cac chit duogc s dung dé
tao 16p bao vé, tang cuong do bén va kha
nang chéng chiu hoa chét cua vat liéu lam
thay ddi vai tro cua lién két giao dién gitra
vat liéu gia cuong va vit liéu nén. Két qua
tuong ty cling da duoc G. Singh va P. K.
Sood (2017) chi ra [15]. Diéu nay ciing goi
¥ rang can khuyén nghi cai thién kha ning
chéng mai mon cua vat lidu composite soi
basalt khi chung ta mong mudn @ng dung
vao cac linh vuc cu thé co yéu cau vé do
chéng mai mon cua vat liéu.

TRUONG DAI HOC NHA TRANG o 11
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Bang 4. Két qua thir nghiém dd mai mon vét liu

Mau thir nghiém

P06 mai mon trung binh M (gram/1000 vong)

Composite cbt soi thily tinh
Composite cbt soi basalt

0.0319+0.0081
0.0593+0.0027

3.4. Xdc dinh dp hép thu nwéc

Bang 5 va Hinh 11 trinh bay két qua thi
nghiém danh gia d6 hap thu nudc cua 04 mau
dugc ché tao tir mdi loai vat liéu sau khi ngam
trong nudc cat vao cac ngay thir 1, 2, 4, 6 va
thir 8 twrong tmg mau thir nghiém lan luot 1a
H/N1, H/N2, H/N4, H/N6 va H/NS8. Dir licu
thir nghiém cho thiy mét xu hudng chung & tat
ca cac mau composite 1a lugng nuéc hip thu

tang 1én theo thoi gian ngdm cho ca vt li¢u
gia cudng bang soi thuy tinh hay soi basalt.
Mic du vat liéu composite gia cudng bang soi
basalt c6 mirc do hép thu nudc cao hon so voi
mau composite sir dung soi thily tinh sau cac
ngay thir nghiém, su khac biét vé do hip thu
nudc gitia hai loai vat liu nay la khong dang
ké, chénh léch nay x4p xi khoang 10%.

Bang 5. P hip thu nuwée trung binh cia vét liéu (% khdi lugng)

Mau thir nghiém H/N1 H/N2 H/N4 H/N6 H/NS
Composite cét soi thity tinh 0.6108 0.6548 1.0062 1.0725 1.1669
+0.0281  +0.0170  +0.0743  £0.0730  +0.0932
Composite cét soi basalt 0.5809 0.7483 1.1503 1.1884 1.2919
: +0.0600  +0.0580  +0.1428  +0.1407  +0.1846
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Hinh 11. P9 hép thu nwée trung binh ciia vat lidu theo thoi gian ngim miu

Véi két qua thr nghiém vé d6 bén kéo,
dd bén ubn thi vat lidu composite cbt soi
basalt ¢c6 dd bén 16n hon va dat yéu cau
vé quy chuan; do hdp thu nudc thi vat liéu
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composite ¢t soi thity tinh t5t hon tuy nhién
d6 chénh léch 1a khong dang ké (Bang 5). Tuy
nhién, vé do6 mai mon thi vat liéu gia cudong
soi basalt co tbc d6 mon cao hon vat liéu
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gia cuong soi thity tinh xép xi 85% (0,595
gram so v6i 0,0319 gram). Dua vao cac két
qua dat dugc cho théy vé vat lidu lam vo tau
composite thi yéu cau quan trong vé& d6 bén
kéo va do bén udn vat liéu composite cbt soi
basalt déu vuot troi so voi vat liéu composite
cdt soi thity tinh (d6 bén kéo theo phuong 1
va 2 cua composite gia cudng sgi basalt 1an
luot 1a 182,2 MPa va 239,9 MPa so véi 107,2
MPa ctia composite gia cuong soi thuy tinh;
tuong ty do bén udn theo phuwong 1 va 2 cia
composite gia cudng soi basalt lan luot 1a
156,7 MPa va 185,9 MPa so véi 168,2 MPa
cua composite gia cuong soi thiy tinh — Bang
3 va Bang 4).

IV. KET LUAN VA KIEN NGHI

Tir nhitng két qua nghién ciru ¢ trén c6
thé rut ra duoc mot sé két luan va kién nghi
sau day:

— Cac tinh chat co hoc quan trong, bao
gdm gia tri trung binh vé& d6 bén kéo, M6 dun
dan hoi kéo va do bén uén, Mé dun dan héi
ubn, cia cac ching loai vat lidu composite
trén nén nhya Polyesster khong no, Reversol
P9509NW, duoc gia cuong bang soi basalt
TBK-100 theo 02 phuong dugc xac dinh lan
luot la: 182.2 MPa, 7141.9 MPa va 156.7
MPa, 10394.1 MPa (d6i voi thir nghiém
theo phuong 2) va 239.9 MPa, 8017.3 MPa
va 185.9 MPa, 13265.0 MPa (dbi véi thir
nghiém theo phuong 1). Cin ¢ Quy chuan
k¥ thuat quoc gia QCVN 56:2013/BGTVT vé
phan cap va déng tau 1am bang chit déo cot
soi thiy tinh, thi két qua kiém nghiém néu
trén c6 thé khiang dinh vét lidu composite cot
soi basalt hoan toan dap ung du vé tiéu chuin
dé duoc tng dung lam vt liéu dong tau. Tinh
chét co hoc cua vat liéu méi ciing dugc so
sanh ddi chung véi 01 chung loai composite
hién nay dang dugc st dung trong dong tau
c6 ciing nhya nén va gia cudng bang s¢i thuy
tinh W120 c6 d6 bén kéo, M6 dun dan hdi
kéo va do bén udn, Mo dun dan hoi udn theo

phuong 2 1an luot 1a: 107.2 MPa, 5738.2 MPa
va 168.2 MPa, 8§989.0 MPa.

— Mic du céac tinh chét co hoc vé d6 bén
kéo va Mo dun dan hoi kéo cuia cac ching
loai vat liéu méi déu cé tinh twong dong hoic
tét hon vat lidu gia cuong bang sgi thuy tinh,
nhung dang hong ctia cic mau vat lidu nay déu
do trugt trén bé mit giita ngam kep miu ciia
may do va mau thi nghiém (khong pha huy
trong doan song song can do - Gauge length);
vi vay, céc tinh chit ndy chua phan anh diing
tinh chit kéo cuia vét liéu composite. P& xac
dinh chinh x4c tinh chat co hoc vé kéo cua
vat liéu nay can nghién ctru cai tién co céu,
phuong phap kep miu hodc cau tao miu do
phu hop hon.

— Vat li€u composite ¢t soi basalt c6 do
mai mon 16n hon vat liéu composite cdt soi
thuy tinh khoang 86%, tuy nhién d chiu mai
mon khong phai 1a tinh chat thiét yéu duoc
liét ké theo Quy pham va can cai thién kha
ning chéng mai mon cta vat liéu composite
soi basalt khi ching ta mong mudn tmg dung
vao cac linh vuc cu thé co yéu cau vé do
chéng mai mon cua vat liéu.

— Trong subt qua trinh do do hap thu nudc
ctia vat lidu (tir 01 ngay dén 08 ngay), do hap
thu nudc vat liéu composite ¢t soi basalt déu
¢6 xu hudng cao hon vat liéu composite cot
soi thity tinh xap xi 10%. Két qua nay can
lwu ¥ khi st dung véi yéu ciu vat liéu co
d6 chdng thim cao hon; ddong thoi tiép tuc
nghién cru do hdp thu nudc dén trang thai
bao hoa va tng xtr co hoc khi bao hoa nudc.

— Can nghién ciru kiém nghiém tinh chat
cua vét li€u composite trén co sd gia cuong
phéi hop ca hai loai sgi thuy tinh va sgi basalt
nham khai théc, st dung hiéu qua vu va nhugc
diém cua timg chung loai soi.

— Khuyén nghi m¢ rong nghién ctru ung
dung soi basalt gia cudng composite dung
cho céc nganh cong nghiép va dan dung khac
dé mo rong pham vi tmg dung.

TRUONG DAI HOC NHA TRANG o 13



Tap chi Khoa hoc - Cong nghé Thity sdn, S6 4/2025

TAI LIEU THAM KHAO

[1] Vii Ngoc Bich (2007), Két cdu tau thiy - Tap 1. NXB Truong Pai hoc Giao thong Van tai TP. Ho Chi
Minh.

[2] J.T. Orasugh et al. 2025, “Glass fibres — production, structure, and applications”, Technical Organic
and Inorganic Fibres from Natural Resources, Woodhead Publishing in Materials, pp. 491-525.

[3] T. Schneider M. Sc (2004), “Public Health Statement Synthetic Vitreous Fibers”, World Health.

[4] E. Abbate, Carmelo, et al. (2006), “Changes induced by exposure of the human lung to glass fiber-
reinforced plastic”, Environmental health perspectives, vol. 114, no. 11. pp. 1725-1729.

[5] P.J.K.vanden Einde et al. (2020), “Basalt Fiber: A Sustainable Alternative to Conventional Fibers?”,
Journal of Cleaner Production, Vol. 257.

[6] X. Fan et al. (2020), “Basalt fiber reinforced polymer (BFRP) composite materials: A review”,
Composites Part A: Applied Science and Manufacturing, Vol. 138.

[71 W.B. Goldsworthy (2000), “New Basalt Fiber Increases Composite Potential,” vol. 8, pp. 15-25.

[8] R.Parnas, M. Shaw, and L. Qiang (2007), “Basalt Fiber Reinforced Polymer Composites,” no. 03.

[9] Bo Giao thong vén tai (2013), Quy chuan ky thuat qudc gia QCVN 72: 2013/BGTVT vé phan cap va
dong tau 1am bang chét déo cdt soi thuy tinh (National technical regulation on classification and constructions
of ships of fibreglass reinforced plastics).

[10] Kamenny Vek (2025), “Basfiber”. [Online]. Available: Andesite-basalt fiber at low price | BasFiberPro
- Kamenny Vek. [Accessed: 18-Apr-2025].

[11] Tiéu chuan qudc gia TCVN 4501-4:2009 (ISO 527-4:1997), Chdt déo - Xdc dinh tinh chat kéo - Phan
4: Diéu kién thir doi véi compozit chit déo gia cieong bang soi dang hwdng va triee hirdng.

[12] ASTM D790 - 00 (2001), Standard Test Methods for Flexural Properties of Unreinforced and
Reinforced Plastics and Electrical Insulating Materials.

[13] ASTM D1044-13 (2002), Abrasion, Standard Test Method for Resistance of Transparent Plastics to
Surface.

[14] EN ISO-62 (1999), Plastics Determination of water absorption.

[15] G. Singh and P. K. Sood (2017), Comparison of Mechanical and Abrasive Wear Properties of Basalt
Fiber Reinforced Unsaturated Polyester Composites with Glass Fiber Reinforced Ones, Journal of Composite
Materials, Vol. 51, Issue 20, 2017, pp. 2883-2895.

14 o TRUONG DAI HOC NHA TRANG


https://basfiber.com/
https://basfiber.com/

