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Chuong 5: Cau truc vat liéu polyme



POLYME
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A POLYME

O thién nhién: cao su thién nhién, xenlulo.
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A POLYME

O 0: Xenlulo acetat, xenlulo
nitrat.

O p: polyetylen, polypropylen,
polystyren, polyvinylclorua ...




POLYME




Chwong 5: Cau trac vat liéu polyme
5.1 Khai niém, dinh nghia

Pinh nghia polyme:

o Polyme la nhirng chat cé trong lwo'ng phan t Ié&n va
chira nhirng nguyén tr hoac nhém nguyén tw lap di
lap lai.

Vi du polyetylen:
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)
'?HT:‘?TH“.TM%
-c—C—C—+C—C—+Cc—C—C—- |
| 11 I ]| | |
H H H : H H1 H H H
1

mer



-(CH,-CH,),-
o SO lwgng mat xich co s& ¢é trong mot
phan t&r goi la dé trung hop n.

Mp: khdi lwong phan t&r cia Polyme
Mu: khoi lwgng phan t&r ciia mét mer



Table 1.1 Properties of the alkane/polyethylene series

Number of Carbons  State and Properties of

mn Chain Material Applications
14 Simple gas Bottled gas for cooking
3-11 Simple liquid Gasoline
V-16 Medum-viscosity liquid Kerosene
16-25 High-viscosity liquid O1l and grease
25-50 Crystalline solid Paraffin wax candles
S0-1000 Semicrystalline solid Milk carton adhesives and coatings
1000-5000 Tough plastic solid Polyethylene bottles and containers
3-6x 10° Fibers Surgical gloves, bullet-proof vests

Increasing
molecular
weight
P e ]

van der Waal's forces
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o Khoi lwong phan tir va sw phan bo
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Chwong 5: Cau trac vat liéu polyme
5.1 Khai niém, dinh nghia

o Khoi lwong phan tir va sw phan bo
Khoi lwong phan ti trung binh so:

LM N,
M—n:Mlle +M2XN2 f=
2N 2N 2N
1 1 1
Khoi lwgng phan t&r trung binh khoi:
ZMiNI
|\/|_:|\/| M N, LRy M N, + = 1




Polyme A Polyme B
S6 phan tor Khéi lwong S6 phan tor Khéi lvong
phan to phan tu
500 5000 400 5000
2 125000 366 6000
— X + X 5000 * 400 T 6000 * 366
M 5000 X 500 * 125000 2 _ = £47g
n 5478
502 766
5000 ° * 500 T 125000 X2 5000 ° % 400 t 6000 ° %X 366
M = 15909 = 5523
5000 X500 * 125000 X 2 5000 * 400 * 6000 * 366

15909/5478=2.9

5523/5478=1.008




o Do phan tan khoi lwong phan ti:
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Chwong 5: Cau tric vat liéu polyme
5.2 N[\iét doé néng chay Tm va nhiét dé
chuyeén thuy tinh Tg

O Polyme vO dinh hinh khong co nhiét do nong chay
Tm xac dinh, do tinh phan bd 16n xdn cua no.

o O nhiét do thap hon nhiét do chuyén thuy tinh Tqg,
cac doan mach khéng chuyén déng va polyme
thwong bi gion. Khi nhiét do tang lén gan dén Tg, cac
doan mach phan t&r bat dau di chuyen Khi nhiét do
I&n hon Tg, néu khong c6 mat tinh thé ndo, polyme
sé& du linh déng va thé hién tinh 16ng nhot (wscous
liquid) cao. PO nhét sé giam khi tang nhiét do.



o Trong polyme ban két tinh, su di chuyén clia phan tl bj
ngan can badi cac vung tinh thé, cho dén khi nhiét do Ién
hon Tm sé tao thanh dang vat lieéu nhét dan hoi.

T, Nhiét d6 chuyén thiy tinh

¥ - ;:"'“ = (Glass transition temperature)
@ [Thiy tinh éng
% |(Polyme v dinh hinh . T INhiét d6 nong chiy
by — B
R | Bin kit tinh __;/ (Melting temperature)

- —

Két tinh )
(Polyme tinh the




10—(1)

Brittle Plastic

Stress

{a) E=3nRT
To 500-700%

Log Young’s Modulus, Pascals

Strain

Temperature

Table 1.2 Typical polymer viscoelastic behavior at room temperature (7a)

Region Polymer Application
Glassy Poly(methyl methacrylate) Plastic

Glass transition Poly(vinyl acetate) Latex paint
Rubbery plateau Cross-poly(butadiene—stat—styrene) Rubber bands
Rubbery flow Chicle” Chewing gum
Viscous flow Poly(dimethylsiloxane) Lubricant

“From the latex of Achras sapota, a mixture of cis- and frans-polyisoprene plus polysaccharides.



Chwong 5: Cau tric vat liéu polyme
5.3 Tong hop polyme

o Phuwong phap trung hop:
C‘élc polyme trung ho’pldu’cyc tao thanh
bang cach cdng lién tiép cac monomer dé
tao thg‘mh mach polymer ma khong tach
loai bat c¥ phan nao cua monomer.

nCHZZCHZ > 'CHz'CHz'CHz'CHz'




Initiation

{“) {“) (||::~
@r(f—(:}:(:}—(f{j A ,}Uc“—o-
x “x -

Benzoyl peroxide Free radical, R -
H H
R-+ (".nglI'ﬁ“ — R—(".Hg—(|"--

O=C—O—C,Hs O=C—0—C,Hs
Free radical Ethyl acrylate Growing chain
Propagation
H H
R—(Z‘Hg—(|".- + ”(-in=(|'1 —
{j)=(|".—(}—(i‘2H5 0O=C—0—H;
H H H

| | |
R—CH, — t|j‘+('tH2—('tj:ﬂ— CHy— -:|j‘.

O=C O=C O=C

| | |
Hs5C,—O O—CHs  O—CyH;s



Termination

H H H
ER—E“H:—'T:*- I R—(ﬁ“Hg—'(:"-—(|ﬁ“\—(".Hg—R
O=C—O—C;Hs O—( O=C—0—CyH;s
{!)—(".EH:;

Table 1.4 Selected chain polymer structures and nomenclature

Structure Name Where Used
+ CH,—CH-}; “Vinyl” class
R

R -_H Polyethylene Plastic

R = —CH, Polypropylene Rope

R = ‘{ \\l Polystyrene Drnking cups

R = _Cl Poly(vinyl chloride) “Vinyl,” water
pipes

O
R = —D—(|_“|—EHq Poly(vinyl acetate) Latex paints

R = —OH Poly(vinyl alcohol) Fiber



Table 1.5 The plastics identification code

Code Letter I.D. Polymer Name

Ty PETE Poly(ethylene terephthalate)
4%

Y HDPE High-density polyethylene
(&8
Y V Poly(vinyl chloride)
(&R
? LDPE Low-density polyethylene
Co
~ PP Polypropylene
Co
Fay PS Polystyrene
(&3
Other Different polymers

&

Source: From the Plastic Container Code Svstem, The Plastic Bottle Information Bureau,

Washington, DC.



o Phwong phap trung nguwng:
Phan &rng xay ra gil(ta cac monomer co hai
nhém chire va cé tach loai cac phan t nho
nhw H20, HCI, ...
Trung ngwng gilra hexametylen va axit adipic
dé tao thanh Nylon 66.

H H [] 0
N v
IN—[EIHJ}'&— \ + E‘_.CH ) _.:-_ —

H Hexamethylens HO
diamune J'J-'Lljlpll:' acid
o |
I I| Y

N —(CH,))—N—C—(CH)),—C  } HDO

Hf Hexamethvlene adipanude KI—I 0
(Nvlon 66)

waler
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|

CH;— CH,OH + CH;—C—0OH— CH3—CHy— O—C—CHj + Hy0

Ethyl alcohol Acetic acid Ethyl acetate Water
(1.12)
) )
| |
nHO—CH>—CH>»— OH + nHO—C —(C—OH—
Ethvlene glycol Terephthalic acid
i O O]

o ., Yawiy |
H+0—CHy;—CH;—O—C C+OH + (21 — 1)Hy0
—_— f

Poly{ethvlene terephthalate)



Polyesters

Polyamides

Polyurethanes

Silicones

Epoxy resins

Polyethers

—(C—0O—
O
H |
O
H |
—N—C—O—
i
—?i—(}—
CH;
H H

C—C— —— — CHy—CHy— O

7N



Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

Phan loai polyme

\ 4

Y

Theo nguon g6c Theo céu truc lap thé

A 4

A 4

Theo cau tao mach Theo cong dung

A 4

y

Theo cau tric mach

Theo tinh chat co' ly




Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

o Theo nguon goc
Tw nhién: cao su thién nhién, xenlulo.
Nhan tao: xenlulo acetat, xenlulo nitrat.

Téng hop: polyetylen, polypropylen, polystyren,
polyvinylclorua ...

Table 1.7 Some natural product polymers

Name Source Application

Cellulose Wood, cotton Paper, clothing, rayon, cellophane
Starch Potatoes, corn Food, thickener

Wool Sheep Clothing

Silk Silkworm Clothing

Natural rubber Rubber tree Tires

Pitch O1l deposits Coating, roads




Tahle 1.8 Commercialization dates of selected synthetic polymers (20)

Year Polymer Producer
1909 Poly(phenol-co—formaldehyde) General Bakelite Corporation
1927 Poly(vinyl chloride) B.E Goodrich

1929 Poly(styrene-star-butadiene) L.G. Farben

1930 Polystyrene L.G. Farben/Dow
1936 Poly(methyl methacrylate) Rohm and Haas
1936 Nylon 66 (Polyamide 66) DuPont

1936 Neoprene (chloroprene) DuPont

1939 Polyethylene ICI

1943 Poly(dimethylsiloxane) Dow Corning

1954 Poly(ethylene terephthalate) ICI

1960 Poly(p-phenylene terephthalamide)® DuPont

1982 Polyetherimide GEC

“Kevlar; see Chapter 7.



Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

Phan loai polyme
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Chwong 5: Cau trac vat liéu polyme
5.2 Phan loai polyme

Theo cau tao mach
Polyme mach Carbon:

- Pﬂl}’ﬂl’}’lﬁﬂi ...-':.Hj— EH;— EH;_u- EH:- EH]- CH]-...

- Polyvinyvlclorua: ... -CH,- CH- CH,- CH- CH,- CH-...
| |
Cl Cl] Cl1
- Polyvinylxvanua: ... -CH,- CH- CH,- CH- CH,- CH-__.

| | |
CN CN CN



Polyme di mach:

- Polyeste:  -C-0-

|
0

- Polvamit: -C-N -
|
0O H
- Polvure: -N-C-N-
|
H O H
- Polvuretan: - N - C - 0O -

|
H O



Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

Phan loai polyme
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Chwong 5: Cau trac vat liéu polyme
5.2 Phan loai polyme

o Theo cau triac mach:
Polyme mach thang:

20009000000000,,. 0 0® "-_M_M_M_M_M_M—M—M—M'...

‘t.,m‘..

oo,

Polyme mach nhanh:
M -M-M-M-M; -

|
M,

oo $
®00e.
|
M Mo



Polyme khong gian: 00000007

o 1

Mach lién ket ngang (Mang lroi)

___M]—M'_—MI-MI—M]—



Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

Phan loai polyme
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Chwong 5: Cau trac vat liéu polyme
5.2 Phan loai polyme

o Theo cau truc lap theé:
o Polyme diéu hoa:
polyme isotactic:

polyme syndiotactic:

Pong phan cis-cis
CH— -

T CH, CH~CH, CH—CH, 72

H,C H H,C H



Pong phan trans - trans:

o Polyme khéng diéu hoéa:

polyme atactic: A



Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

Phan loai polyme
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Chwong 5: Cau trac vat liéu polyme
5.2 Phan loai polyme

o Theo cong dung:
Chat déo
Soi
Cao su
Son va keo dan
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5.2 Phan loai polyme

Chwong 5: Cau trac vat liéu polyme

Phan loai polyme

Theo nguon goc Theo cau trac lap thé

Theo cau tao mach

Theo cau triac mach

Theo céng dung

y

Theo tinh chat co ly




Chwong 5: Cau trac vat liéu polyme
5.3 Phan loai polyme

o Theo tinh chat co' ly:
Nhwa nhiét déo:
PP, PE, PVC, PS...
Nhwa nhiét ran:
Epoxy, polyeste, ...
Cao su (chat dan hoi cao)




Chwong 5: Cau tric vat liéu polyme
5.4 Cau hinh va cau trang

o Cau hinh I3 trat tw sap xép clia cac nguyén to
trong mach polyme, dwoc quyét dinh béi cac lién
két héa hoc




o Cau trang la trat tv sap xép clia cac nguyén tl, tao thanh
khi quay phan tir quanh mot lien ket don. Phan tlr cang cé
nhiéu cau trang thi cang mém déo, linh déng cao.

° o 2
1‘; ‘f’ >

CH2F-CH2F Anti (trans) Eclipsed (cis)

Eclipsed (cis) Gauch (+) Gauch (-)



Chwong 5: Cau trauc vat liéu polyme
5.5 Hinh dang cua mach polyme

o Mach phan ti rat dai cia polyme thuwdng khéng
thang do cac nguyén tlr cacbon trén mach chinh
tao vé&i nhau mét géc 109° va co thé quay tw do
néu gitra chung la lién két don. Mdi nguyén tlr
cacbon cé thé di chuyén trén mét hinh nén nhw
hinh vé.

ﬁ\\ "x\
1092 . r | A
1 1 1
.q’} ! ) !
y / s /

Géc siira
cac nguyen
tw cachon

Mach thing Mach bi cong, x0in



o Khodng cach gitra hai dau cudi cia mach nhd hon rat
nhiéu so v&i chiéu dai clia toan mach.

o Cau tric nhw vay quyét dinh cac tinh chat cta polyme,
trong d6 co tinh dan hoéi cao cla caosu.

o Tinh chat co va nhiét cla polyme phu thudc rat nhiéu
vao kha nang quay cua mot doan mach phan tr khi cé
ng lwc dat vao hoac nhiét do thay doi.



Chwong 5: Cau tric vat liéu polyme
5.6 Cau truc vat ly cua polyme

o Phan t&r polymer co thé ton tai & hai trang thai vat
|y riéng biét: két tinh (crystalline) va vé dinh hinh
(amorphous). Polymer khong thé két tinh
100%(vat liéu ban két tinh).

ey A n
,- R O A A F AR
A S 215 @ NT _..:'f?
i e AW T Ly,
B A0 R gOR It 22 2R
- o ;-“.(r'i‘xq !L:fl'."qll_\?Vﬂ"‘: ., ('t:' \
:\-.'-‘-;r-;:,i"-r..i'—““ ﬂ‘g Ayt
T R w8 "z..‘."-—“;\‘

' i R o W ST N2 RN A L
k\.‘_';':{.-_-“ﬂ.}‘. . ,"w,;? A s t‘i‘}\\}‘ :

T g, ‘}..‘-—',' \;\G‘-..thj};"l A, 4 rhY,
R ORENDO
()8 - . T ’




o MUrc d6 két tinh sé phu thudc
Toc do lam ngudi
CAau hinh clia mach.

Dé két tinh Kho két tinh
- Cac nhém chirc nho, - Cac nhém chuece lon,
don gian phirc tap
- Mach thang - Mach nhanh nhiéu, cé
- Mach isotactic hosc lién két ngang, tao mang
syndiotactic lwO
- Mach atactic




Chwong 5: Cau trac vat liéu polyme
5.7 Cau truc ngoai vi phan tir ctia polyme

Cau truc ngoai vi ciia polymer vé dinh hinh.
Céc mach phan tlr & dang hinh cau nhd (globule)
hodc dang mach thang.

Khi cac dang cau nay tiép xuc v&i nhau, nd cé thé tao
cac cau trdc cau da phan t& chra nhiéu hon mot
mach phan t néu mach rat mém déo

Dang bé tao thanh khi cac mach thang, cing tiép xuc
v&i nhau. Mét b thi rat dai so véi mot mach phan to.




O nhiét dé thap hon nhiét dd chuyén thay tinh Tg,
cac bé tap hop lai thanh nhirng té chirc I&n hon,

goi la cau trac vo dinh hinh dang sgi (amorphous
fibrils) hoac dang nhanh cay (dendrites)

O nhiét do cao hon Tg, khi dé linh déng cla cac
mach phan t& va cac bo du In, cac bo sé két hop
v&i nhau tao thanh cau trac dai (banded
structure).

O trang thai vo dinh hinh, cac phan ti polymer
khdng phai bao gi& cling nam & trang thai cudén
rbi hodc sap xép khéng trat tw ma trai lai c6 thé
sap xép theo nhirng trat tw nhat dinh.



o Cau truc ngoai vi ciia polymer két tinh.

B6 la don vi cau tric co ban dé polyme cé kha nang
két tinh.
Néu bo tao thanh tlr cadc mach khong diéu hoa hoac
dc“)j khi v&i mot sO mach diéu hoa, lwc noi ppén ttr co
the lam cho no b| cong lai. Khi d6 khong thé tham gia
vao qua trinh két tinh dworc.
Polyme tinh thé c6 thé két tinh theo hai huéng:

o CAu truc dang tam

o Cau truc dang soii.



Co ché tao dang tam:
o Cac b6 gap lai thanh cac dang bang gap dé
giam nang lwong bé mat dw.
o Cac dang bang gap nay sap xep lai véi nhau
tao thanh cau truc dang tam de giam surc cang
bé mat

~10 nm



o Co’ ché tao dang soi (fibrillar):
Két tinh bén trong céac bé
Sap xep cac bo ket tinh doc thanh soi ma
khong tao cac gap.
Théng thwdng, qua trinh két tinh dirng lai &
mot trong cac giai doan trung gian (b6, day
ruybang, tam hoac soi).



o Sw tao thanh cac don tinh thé

o Sap xép céac dang trung gian nay, kém theo sw giam
nang lwong bé mat, tao thanh dang tinh thé hinh cau
(spherulite).

o Tinh thé hinh cau bao gém cac vung tinh thé va ving
vO dinh hinh.

Lamellar s -
chain-faidad (Cau tric

cyitalke  dang tim)

Te mafecule (Phan tir
hinh day)

AMOXGRO (3¢ 1igy vo

B.; Wy o4 h_
(Bé mittin ™ dinh hinh)

thé hinh ciu)

Spherulite surlace
K/ =

Pk : -
| —




Chain fnlds'—:\r\
Stem/
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L ]
Entanglements {i_/

|« Polyethylene

& Crystalline lamellae
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Amorphous
portions
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Chuong 6: Vat lieu composit




Chwong 6: Vat lieu composit
6.1 Khai niém:

Vat liéu composite 1a vat liéu dwoc ché tao t hai
hay nhiéu thanh phan khac nhau, nham muc dich
tao ra mot vat lieu méi co tinh nang wu viét hon han
nhirng vat liéu thanh phan ban dau.

KIM LOAI

COMPOSIT

~_ -




Chwong 6: Vat lieu composit
6.2 Thanh phan:

) |
L + Cot . | Composit |
|
Matrix Reinforcements Composite
* Isotropic * Support Load * Anisotropic
« Pass on Stresses « Hi strength & Modulus
- Protects Types » Toughness
Reinforcements * Glass Improvement
- Carbon « corrosion resistance
Types * Kevlar » Tailor-ability
« Polymer (Thermoset, *SIC
Thermoplastic) * Al,O3 Types |
« Metal Forms « Polymer Composites
(Al, Mg,Cu, Ti, etc) » Continuous fiber * Metallic Composites
- Ceramic (UD, textile ) « Ceramic Composites

» short fiber, particle



o Nén la pha lién tuc dong vai tro :

- Lién két toan bd cac phan t& cot thanh khoi
compozit ddng nhat

- Che pht va bdo vé cdt tranh cac hw hdng co hoc
va hoa hoc cua méi trwdng

- Truyén tai va phan bd tai trong sang cot soi lam
giam (rng suat tap trung

- Tao kha nang dé dang tién hanh cac phwong
phap gia cdng compozit thanh cac chi tiét theo
thiét ké.

o Cot la pha gian doan dong vai trd tao nén dé bén
cao, modul dan hoi cao cho compozit. Do d6 cot
phai c6 d6 bén va module dan hoi cao va phai ¢
khoi lwong riéng nhé.
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Figure 16.%  {a) Schematic stress—strain curves for brittle fiber and ductile matrix
maternals Fracture stresses and strains for both maternals are noted. (k) Schematic
stress—strain curve for an aligned fiber-reinforced composite that i1s exposed to a uniaxial
stress applied in the direction of alignment; curves for the fiber and matrix materials
shown in part (@) are also superimposad.



Cac yéu t6 anh hwdng tinh chat
composit

o Ban chat nén va cot.

o Lién két nén va cot.

o Ty lé gitra nén va cot.

o Sy dinh hwéng va phan bo clia cot trong
nén.

o Phwong phap gia cong composit




Chwong 6: Vat lieu composit
6.3 Phan loai:

o Co s& dé phan loai VLC :
- Theo ban chat cta pha nén
- Theo hinh hoc cua cbt
Theo ban chat ctia pha nén

Vat lidu
composit
Composit Composit Composit Composit nén hon

nén polyme nén ceramic nén kim loai hop nhiéu pha




o Theo hinh hoc cua cot

Composit
Cot hat Cot soii Composit cau trac
Hat Hat Lien Gian | [Lep Tamba | |T6 ong
tho min tuc doan &'

(sanwich)




PARTICULATE COMPOSITE

FIBER COMPOSITE LAMINAR COMPOSITE

FLAKE COMPOSITE FILLED COMPOSITE
FIGURE 1.5 Classes of composites.''®



Chwong 6: Vat lieu composit
6.4 Gi®i thiéu mot so loai composit:

o Theo hinh hoc cua cot

A 4
Composit cau trac

Composit
Cot hat Cot soi
Hat Hat Lién Gian |_v6,p TAm ba
tho min tuc doan 1&6p

(sanwich)

T6 ong




o Composit gia cwérng bang hat:
Cot dang hat phan bd déu trong nén
Cac phan t&r cot thwong la pha cirng va bén hon
nén, vi du cac oxyt, nitrit, borit, cacbit,.

Hat c6 nhiéu dang hinh hoc khac nhau nhwng
kich thwdc gan nhw bang nhau theo moi hwéng.

E)e gia cwong hiéu qua, hat phai nho va phéan tan
dong déu trong nén.

Phan loai thanh composit hat thd va hat min (nho
hon 0.1 micromet)

Mot s6 composit cot hat:
o Composit hat thé nén polyme
o Composit hat thd nén kim loai
o Composit hat thé nén gom




Mot vi du vé composit hat tho 1a béténg:
ximang la nén, cat va soi la cot.




» Viduvé composit hat min: cao su dén than
den kich thwde hat 20 — 50 nm

Figure 16.5 Electron micrograph showing
the spherical reinforcing carbon black
particles in a synthetic rubber tire tread
compound. The areas resembling water
marks are tiny air pockets in the rubber.
80,000 . (Courtesy of Goodvear Tire &
Rubber Company.)
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Composit gia cwdng bang soi

o Ca nén va soi déu can co khoi lvgng riéng nhd,
nén phai twong doi déo, con soi cot phai co db
crng virng va bén cao

o Mbt s6 dang hinh hoc cua soi:
Rau don tinh thé
Soi cot
Day



o Rau 12 nhitng don tinh thé rat méng vdi ty 1¢ giita chiéu
dai va duong kinh 1a rat 1én. N6 khong ton tai khuyét
tat nén do bén rat cao, vi vay rat dat tién. Dac biét rau
tinh thé rat kho lién két voi vat liéu nén. Nhitng vat liéu
rau tinh thé bao gom graphite, silicon carbide, silicon
nitride, aluminum oxide.

O Vat li¢u lam s¢1 ¢ dang da tinh thé hodc vo dinh hinh
cO duong kinh nho, thong thudng la polymer hoac
ceramic ( polymer aramids, glass, carbon, boron,
aluminum oxide, silicon carbide).

o Dang day c6 dudng kinh 16n hon, nhiing vat liéu dién
hinh nhu: molybdenum va tungsten. Day dugc dung
nhu nhitng soi thép gia cuong trong 16p xe 6t0.



Table 16.4 Characteristics of Several Fiber-Reinforcement Materials

Tensile Specific Modulus Specific
Strengih Strengih of Elasticity Modulus
Material Specific Graviry | GPa (10° psi)] (G Pa) | GPa (10F psi)] (G Pa)
Whiskers
Graphite 2.2 20 9.1 700 a8
(3) (100)
Silicon nitride 32 7 1.56-2.2 350380 1089-118
(0.75-1.0) { 50-55)
Aluminum oxide 4.0 10-20 2.5-5.0 001500 175375
(1-3) (1002200
Silicon carbide 32 20 6.25 480 150
(3) (70)
Fibers
Aluminum oxide 395 1.38 0.35 7o 96
(0.2) (33)
Aramid (Kevlar 49T} 144 34l 25285 131 91
(052506007 (19}
Carbon” 1.78-2.15 1548 0.70-2.70 228-724 106407
(0.22-0.70) { 321040}
E-glass 2.58 345 1.34 725 281
(0.5) {10.5)
Boron 2.57 3.6 1.40 ElLy 156
{(0.52) (&)
Silicon carbide 30 39 1.30 400 133
(0.57) (60)
UHMWPE (Spectra Q00T 0.97 2.6 2.68 117 121
(0.38) (17
Merallic Wires
High-strength steel 9 2.39 0.30 210 26.6
(0.35) [ 300
Molybdenum 10.2 2.2 0.22 324 31.8
(0.32) 47}
Tungsten 19.3 2.89 0.15 407 211
{(0.42) (59)

? The term “carbon™ instead of “graphite™ is used to denote these fibers, since they are composed of crystalline

graphite regions, and also of noncrystalline material and areas of crystal misalignment.



o Tinh chat phu thudc: Ham luwong soi, su
phan bo, dinh hwéng soi, kich thwée, hinh
dang cua no.

Chiéu dai soi phai Ién hon hodc bang chiéu
dai to1 han.

Critical fiber
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| = F on hber strength
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vield strength
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Table 16.1 Typical Longitudinal and Transverse Tensile Strengths
for Three Unidirectional Fiber-Reinforced Composites.
The Fiber Content for Each Is Approximately 50 Vol

Longimdinal Transverse
Tensile Tensile
Marerial Sirength (MPa) Sirength ( MPa)
Glass—polyester JO0 20
Carbon (high modulus j—epoxy 1000 A5
Kevlar™_epoxy 1200 20

Source: D. Hull and T. W. Clyne, An Introduction to Composite Materials, 2nd
edition, Cambridge University Press, 1996, p. 179,

Table 16.3 Reinforcement Efficiency of Fiber-Reinforced Composites for

Several Fiber Orientations and at Various Directions of Stress
Application

Reinforcement
Fiber Orientation Siress Divection Efficiency
All fibers parallel Parallel to fibers 1
Perpendicular to fibers ()
Fibers randomly and uniformly Any direction i the plane 2
distributed within a specific plane of the fibers
Fibers randomly and uniformly Any direction :

distributed within three
dimensions in space

Source: H. Krenchel, Fibre Reinforcement, Copenhagen: Akademisk Forlag, 1964 [33].



Table 16.2 Properties of Unreinforced and Reinforced Polycarbonates with
Randomly Oriented Glass Fibers

Fiber Reinforcement (vol %)

Property Unreinforced 20 30 4

Specific gravity 1.19-1.22 1.35 1.43 1.52

Tensile strength 5942 110 131 159
[MPa (ksi)] (8.5-9.0) (16) (19) (23)

Modulus of elasticity 2.24-2.345 5.93 862 11.4
[GPa (10° psi)] (0.325-10.340) (0.86) (1.25) (1.68)

Elongation { %) O-115 4-6 3-5 35

Impact strength, 12-14 2.0 2.0 2.5
notched Izod (1by/in.)

Sowrce: Adapted from Materials Engineering’s Mavterials Selector, copyright @ Penton/TPC.



o M6t sé composit cot
s@i thdng dung:

Composit nén
polymer cot soi

Composit nén kim
loai cOt soi

Composit nén
ceramic cot so




o Composit nén polymer cot soi
Vat liéu cot: soi thay tinh, sgi cacbon, soi aramid

Repeat unit Figure 16.10  Schematic
s . %, representation of repeat unit
0 Ty 0 - and chain structures for aramid
1 "., b "lc L {Kevlar) fibers. Chain alignment
C @ ".l(N N @ o~ with the fiber direction and
C"t." i Y ' hydrogen bonds that form
o', H 2 ' between adjacent chains are also
Lo 4 ' —1  shown. [From F. R. Jones
':," H I:i H"l, (Editor), Handbook of Polymer-
C @ Il‘N Lt N Fibre Composites. Copyright ©
- n N c 1994 by Addison-Wesley
! 1'|H | Longman. Reprinted with
o permission. |

-+—— Fiber direction ———

Table 16.5 Properties of Continuous and Aligned Glass-, Carbon-, and
Aramid-Fiber Reinforced Epoxy-Matrix Composites in Longitudinal
and Transverse Directions. In All Cases the Fiber Volume Fraction

Is 0.60
iz lasy Carbon Aramid
Property (E-glass) (High Strengi) (Kevlar 49)
Specific gravity 21 L& 14
Tensile modulus
Longitudinal [GPa {10° psi)] 45 (8.5) 145 (21) Ta (11
Transverse [GPa {108 psi)] 12 {1.8) 101.5) 5.5 (0.8)
Tensile strength
Longitudinal [MPa (ksi)] 1020 {1507 1240 (1307 1380 (2007
Transverse [MPa (ksi)] 40 {5.8) 41 (&) A0 (4.3
Ultimate tensile strain
Longitudinal 23 0.9 1.8
Transverse 04 0.4 (.5

Sowrce: Adapted from E. E Floral and 5. T. Peters, “Composite Structures and
Technologies,” tutorial notes, 1989,



o Vat liéu nén:

Can co tinh chat co ly, tinh bam dinh, d6 bén va
kh& nang chiu méi trwdng tot.

Gom co6 nhya nhiét déo va nhya nhiét ran:
polyethylen, polypropylen, polyester, vinyl ester,
epoxy, poyimide, polyetheretherketone,
poly(phenylene sulfide, polyetherimide...






Mot s6 phwong phap gia cong
composit nén polymer cot soi
Phwong phap thu céng lan tay:
O



o Phuwong phap phun s¢i va nhya




Phwong phap kéo soi:

Prefarming Curing Pullers
di= die
Fibsr
revings
Rasin il
impregration
tank

Figure 16,13 Schematic diagram showing the pultrusion process.



o Phwong phap quan soi
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o Cau tao composit dang cau truc

o Composit cau tric dang I&p:
Cau triic: gom céc I6p co s & nhirng tam composit ¢6 soi
gia cwong theo mot hwong nhat dinh. Nhirng tam nay duwoc
Iién‘ két v&i nhau tao composit cau truc Iop chiu dwoc lwc theo
nhiéu hwdng:

y

ral

AT,
AAISIID,

LT

Figure 16.16 The stacking of successive
oriented, fiber-reinforced layers for a laminar
composite,




Chang han cac tam vai bdng, vai soi thay tinh
hodc carbon dwoc ép lai nhe chat két dinh 1a
polymer sé cho ta cac composit dang I&p co do
bén cao theo phwong bat ky song song voi
mat tam.




o Composit dang sanwich.
Khai niéem
Bao goém 2 I&p méng clrng bén ngoai bao boc
mot Iop 101 day bén trong.
Tao nén mét cau tric nhe nhwng c6 do clng va
dé bén twong doi cao.

Figure 16.17
ﬁmiﬂ? Schematic diagram
':""?'-‘“'3"" showing the cross

section of a sandwich

panel.
- Cire
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o L&p vo ngoai dwoc ché tao tir vat liéu bén va cieng, dién
hinh la hop kim nhém, nhwa gia cwong soi, titanium,
thép, van ép. Lép vé tao nén dd bén va dd cirng cho
toan bd cau truc, vi vay phai du day dé chiu duwoc rng
suat kéo va nén.

o Vat lieu lam 161 thi nhe hon, thong thwong co module
dan hoi thap. Nhwng nhd c6 do day hon nén nd cung
cap cho composite sandwich dd bén udn , bén trwot
cao.

o Vat liéu 16i thong thwong la: foam polymer cirng
(phenolics, epoxy, polyurethanes), go, cau truc tb ong.



Composit dang té ong

Figure 16.1%  Schematic diagram showing the construction of a honeycomb core sandwich
(=3 (= b

panel. { Reprinted with permission from Engineered Materials Handbook, Vol. 1, Compaorites,

ASM International, Metals Park, OH, 1987.)

© M@ hinh trén mé ta composite sandwich (A) va cac
thanh phan cua nd gdm: cac tam mat (B) va 16i c6
cau truc t6 ong (C)

o Cau truc tb6 ong thédng thworng 1am tir hop kim nhém
hoac polymer aramid.

o Composit cau tric sandwich c6 nhiéu rng dung:
tam lop mai, san, twong trong xay dwng, hoac
canh, than may bay, mot phan dudi may bay.



