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The mechanical properties of fibers - reinforced composite materials
depend on bonding strength between fibers and matrix because the good
bonding between fibers and matrix allows to transfer the applied load from the
matrix to fibers . Improving the bonding strength can be achieved by surface
treatment of fibers . Etching is one of the methods of this treatment . Several
searches and studies are applied to knowledge the etching effects on physical
and mechanical properties of fibers and that of composite materials which
reinforced with them .

This search aims to : the wet etching for the glass fibers by using two
solution , first (CH+OH + NaOH) and the second (HvO + NaOH) to get pits on
surface fibers to increase the surface roughness subsequently increases the
bonding between fibers and matrix . The effect studying of glass fibers etching
by using first solution on tensile strength of it . On the mechanical properties
(tensile and bending) for composite materials matrix identity from unsaturated
polyester which reinforced by etched glass fibers . On debonding force
between etched fibers bundle and drop from Unsaturated polyester .

Glass fibers bundles of type (E-glass) treated by both of etching solution
first and second for weight loss test and microscopic Photographing , also
bundles of glass fibers treated by first etching solution to tensile test for fibers
and interfacial shear test between fibers and drop from unsaturated polyester
, add on mat of glass fibers treated by first etching solution after samples
affectation from composite materials matrix identity from unsaturated
polyester which reinforced by (Y+ % wt) of etched glass fibers to both tests
tensile and bending of composite materials .

Microscopic Photographing has been made for untreated glass fibers and
treated glass fibers chemically and thermally , weight loss test for treated
fibers by etching two solution first and second , tensile test of treated fibers by
first etching solution , Both tests of bending and tensile of composite materials
that have matrix from unsaturated polyester reinforced with etched glass
fibers by first etching solution and interfacial shear test between bundle of



etched glass fibers by first etching solution and drop from unsaturated
polyester .

The results have shown etching happened for treated glass fibers by the
solution (CH+OH + NaOH) or the treatment by solution (HiO + NaOH) .
Increasing of weight loss proportion of treated fibers by the second etching
solution comparatively with weight loss proportion of treated fibers by first
etching solution . The weight loss proportion of fibers increased with
increasing temperature and treatment period and weight proportion
increasing of etching solution to fibers . The etched fibers by first etching
solution and immersed in unsaturated polyester , drops of polyester hungs on
all out the surface which indicates increasing of bonding between the etched
fibers and matrix . Decreasing the values of tensile strength and Modulus of
Elasticity of etched fibers comparatively with its values of untreated fibers and
this Decreasing increase with increasing of temperature and treatment period .
Increasing of debonding force magnitude between etched fibers bundle and
drop from unsaturated polyester and the treatment under temperature (¥ °C)
for (¥ days) gives the highest magnitude of debonding force . Increasing of
flexural rupture strength of composite materials samples that reinforced by
etched glass fibers and the treatment under temperature (Y¢ °C) for (¥ days)
gives the highest of flexural rupture strength . Increasing of tensile strength
and Modulus of Elasticity of composite materials samples that reinforced by
etched glass fibers and the treatment under temperature (Y¢ °C) for (¢ days)
gives the highest of tensile strength and the treatment under temperature (¥°
°C) for (¥ days) gives the highest of (E composite of reinforced with etched fiber / E composite of

reinforced with untreated fiber) .
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] AMe Ao A sl
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L pall ol gl aat | psinas (Stiffness) selua 5 (Strength) Ao sl liad 3 séall ilall)

Gl ol sl o2a £ 53l 2l (E-glass) & 55 zla Sl ) siall s il sl (e el il

Al ) el JAe clandaill e S 8200l 68 10g] Leidd ad p JLiad o2 B gl
. a2 5 (Boats Hulls),ls 3l JSba | (Pipes) «2xbY) | (Sporting Goods)
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Surface ) Lnda il Adabeall aladiinly dipad 5 Say dca V) 5 LYY cp Ja 0 )
C[E] AV s G Cp day 5l A gl 33 ) () g5 Alalaall 028 | LYY xhad (Treatment

LAY Cp Ty 5l 80 5 (8 dage il =dad (Surface Roughness) duadall &5 34l
428 yal) shaliall (Y dm y Y15 GLIVY cp Jay 1) (ealad) s Adlall 45 g 5400 <Y A \Y
Glalaany) ) oY Bl (Penetrate) Jalas & Lty cla_u —e A Sl
yéaill PNRENEE LU dpada A5 g A saly ) S [V] EL_...J\ —e (Depressions)
Aalusall 8005 (A sa52 o Gy LIVl o il gad gl s (43S iaills | (Etching)
saly 3l eda | bl Balall (s Lgi (3aa Dl &y 3y 0y 52 138 5 LIS (Surface Area) dpsad)
salall 5 5 yésall GLIY) (o (Mechanical Interlocking) SelSaall ) el (e 4l
L[] sy

alasiuly 2% J ¥ (Dry Etching) <ila AY) 5 (Wet Etching) «bo) & 55 (le 53 yiadl

L sl alasiuly ot G W (Acidic Solutions) dsasla sl (Basic Solutions) e ld Jillas
(Isotropic Wet Etching) oal Al as e g o ple gl sl Ll
V] sl Al as e e 568 Caladl Wi (Anisotropic Wet Etching) ualsall as sa ye AV

Matrix Materials b A g \.Y

A&l i N s | (Metal Materials) dosidee o s 1 ) e 50 ) Gala) ) seall
. (Resin Materials) 42l ) 3 s« 5 (Ceramic Materials)

Super ) 48lall elilud) Jhe @bl ol apaal) Jhe 485 (pales L) o diaeal) Gell) ol sall
ol 5 silill | sasizall ) Glilus e Slzad | (Aluminum Alloys) a sl il | (Alloys
. (Alloys Of Magnesium , Titanium And Copper) (

adia dagliay liai (Metal- Matrix Composites) (axall el 3 48 ) o) soall
el 3 ) yall cils ja 83 3es (Oxidation  Resistance) ~uSUll i sliay s (Impact)
Gl delina daadind cay ddlall 3 jall a3 8320 (Creep) <) pal 53
Oe Adliae ) il Apineall (ulal) 3l gall 45 85 Sy ) Clelicall (e s e 5 dliadll Cileliall 5
b e (B () pum) e S A a5 G lapaall y A 5 GLIVIS 4 ) ) 5
Y] Ll 8 e Aiana (bl 3 g0 eiza gy (V) Jsaadl | () um) e S8 Cilagusal



ioliay liaié (Ceramic-Matrix Composites) (Sl sl () il 48 yall 3 sl Ll
Gl 5 LIV L 8 (S g Cilanal Al () Joat 385 Lo 51 ASaal ) 3 sall Lea e
AlxOr - ZrOy — CaO - ) i TS [ DXEGIVN [ TS9N [ETINA [ PON 0y
8580 e Al o b S s pall ol aaa g 5 Al aa sy (1-Y) Jsas, (MgO
Y, Y] 8 ske s AT

(Thermosetting Resins) &l sl salaiall il sl Hl) Jaiid dyaiil 1) o) all Ll
Ll AT il A g g oy ) 483 33 & 5 (Thermoplastic Resins) 4 _all il Hll
o) geall Ay 45 jlie diaddiie LgtlS (o LS| 4 o) 3 ) m dajo 8 Lgaladiin) Juady 5 sayae il
YT Gomidse Gl IS AS e 3 g0 e g (V-F) Jsaad) L [V] LAY

[V] Aasiiven g 5 painna Cibully 51 ghall (anall Gubad cd A8 all ) gall oy sy (V-Y) Jgan

Fiber Matrix Fiber Density Longitudinal Tensile Longitudinal
C(\?Qlf%t (g/cm”) Modulus (GPa) Tensi(lls/llspt;)e ngth

Carbon 1Y Al £ A1 rY. 1Y,
Boron Y Al €A - Y.V 1040

SiC T Al o AR Yv. YEA
Alumina YA Al Y¢ - A Y
Carbon AZY\ Mg ¥A VLAY Yoo XD
Borsic Ti to ¥AA Y. YV

Y] 3058 s ATy B R i AuSial i bl 31 gl 7oAl il aaa g sl Adlia (1-Y) Jo



Materials Fracture Toughness (MPa . Critical Flaw Size
m'’" (micrometers)

AlvOr Yo - ¢ s Yo _ vy

Sintered SiC ¥oo-¥Ye YA-Ye

Sintered SirN. Noe b e Yy Ve

Al,O. — TiC (particulate dipersions) £Y-¢0 LR

SiC — LAS Fibers (lithium Yo. Vo
aluminosilicate)

SirN¢ — TiC (particulate dipersions) £, £

[P] i ezl il 31 sBall culall () gAd) ey (1-1) J9an

Material Glass Content Tensile Strength Elastic Modulus Specific
(vol%o) (MPa) (MPa) Gravity

Nylon 11 ' yo¥ AYAS 1.

£ Y. YVt 1.6

V. YoV Yy -

Polycarbonate ' YoV Yy RA

£ R Yave V.68

Polystyrene Y. v AY A 1.YA
Polyester vo-fo \EERAs ooy NYEY, ACER IR

Epoxy T VY YoV VA

(Reinforcing Fibers)

<LdY) | (Organic Fibers) 4y sazasll GV 1 & doigi y o) 530 4300 Jas 4 &) ol
. (Ceramic Fibers) &Sul_uudl LYY 5 (Metal Fibers) dsaedll

i) Jsdl Gl (Polyamide Fibers) el (sl Gl 4 szanl) 4 g8l ol Jois
<) S Gl (Polyurethane  Fibers) ol s 1 s—d) Ll (polyester  Fibers)
Eua midia (Specific Gravity) e 54 O Jtiais . SUY) e e 5 (Graphite Fibers)
g B Bl pall B s e ) S LY ) 055 Ads gliad Al i) (8 aadiag
A gazanll A gl Calall il A8 pall o gall il A Ar) 5 Claladiiaal Led 5 5 A A samall LY
]



A5t e SilShe Gl g3 e S e 3l e o Jgaandl andind o8 dpiaeall GLIYI L
O A 685 8 Al LY andis | Jaadill 8 A g5 (Wear Strength) b 4 slia
i 555 i Fea sl G153 A e ala Tt Al e ol 5y g1 8 patane Gl o VIS
vie Claasall (any lllia | zla 1 GG 31 saal) A8 sall o) gall (8 3 sa g0 Le 3 slaty o S 5 a
Coefficient Of Thermal ) ) sall aaaill Jualas 8 GOEAY) Lapa 5 dpanall GLIY) alasii)
. ['] (Residual stresses) dsia Clalea) Cu Cua (1 3alall 3 GLIY) (n (Expansion

Quartz ) i, s Gl | (Glass Fibers) zla ) <alll Gadi 48l jaudl 4 @il Calyli L

zla sl Glls sl ally salaiall cilalll 4y &l 33 ) S U aladiul (Sa Cus s e 5 (Fibers

—a lgal) @b g (V-0 )L | V] 5yl saleatal s ) pall (el Ay i aat
[A] Appme 5 ASaal | diaaa 358 LY (Jlaii)

600.00 7
s Carbon HS * 5-Glass

= 400.00 - AR-(ilass

X ¢ arbon HM »  E-Glass
g '
& [ / ¥ Prestressing Steel
Q 200.00 I, ‘
s /
& //
2 I/ 4
g / y > o Reinforcing Steel
s ¥
- /4P ) .

/ A Polypropylen NVIoH
0.00 — >
& W& i >
Strain (%)

A s 5 Ausaal ppe , Aiana A g5 LY (Jladi) -adi dga)) & b uida gy (V- )JSEN



Lo slie DD AS e sala o Jgmandl gy Lo 51 Gl <l el sl A s )

Qe 5 S 4y in A8 jall o) sall e g sill 138 | [Y] oas (Stiffness) ssbua 5 (Strength)

(Y=Y um) i Gl 36 e U nse 5S35 (E-Glass) & 50 (e b 4 padiesall zla 3l
- [V]

URYVIENVE L FVE NSO (R PIWPPR P PRUPLS JUrl SRV I JF P PREAON I PN [N 0
&) 53l aa Lgaladlin] A1SaY 5 e jard Ladic dpaia V) a5 5l Lgdal 55 aniaill die jgaaiall
. [Y] (Chemical Inertness) 4 sbasS A gad clliad o8 il yaad sall (e Adling

3l Wal A H A JlaaSU A0Syl salal) Jraad 404 e (o 1) J g sl CBLIY) iad
AT ) Gl s GLIYY U 3 peal) J5 e xS | GLIYI a3 Jayy e st e Gl
Al sl HAT Cal G lial ddee Jpean g 4l e e Aadlany cad JSilaal e a5
Y]

(Discontinuous) s aisse & 3 b sl (Continuous) & yaiue il sk La) 4y 5ail) i
oladl 3 ol (Unidirectional) slad¥ 3o sa LW (5 S5 0 Saa (VTS 4
o) sl (Randomly) 3 sbe JS dga ge 0585 Of Ll g8 5_paill GUIYI W | (Bidirectional)
Gl Glial (any aza gy (V-Y) IS | (Preferred Orientation) Crae sladls 4 e () 55
- oY) A yadd sal) A el af sall 8 alafin) ALl 4 gal)

Laaladl Gal s I3 A8 e sale Jaxy Cogas (ulas) BaLad) Jals aad 5 olaily LIV i 53 )
S i) al sal) 8 2 Tieie 4K je 33l Ao J gaall adle 5 (Directional Properties)
IV, 4] e salall Jada Lia je 5 U gl GLIYT (s 53

Gl eazm gy (V-£) Jisandl s S el Balall LSSl cliiall 8 Tally |8 Gl a5 i
1] oY) A e 52 AS e 3l A g pall Jalaa g JalaaiV) daslia | ) da glie e il
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, random

a- Discontinuous

b- Discontinuous

, aligned

c- continuous,
aligned

d-Bidirectional
aligned

ebal) Ay yand gall A0S yall ) goall (B aladiioa) daildd) A gl Ll Cilinal amy (V-Y) JSdl

- [4]

J¥] Sl Balall e o G dxa g il g (V- £)J 98

Material Fiber Specific Fibers Tensile Tensile Compressive
Content( gravity parallel to strength ( modulus strength  (psi)
Vol%) load (%) psi) (V" psi)
E-glass / epoxy vy Y.V Yoo Y¥A ALY
E-glass / epoxy o V.4V Voo VEQ L LY AV
E-glass / epoxy on 1.4Y ot Vo ¥.o T
E-glass / epoxy on 1.4Y . o V.0 Yeran
S-glass / epoxy vy YAY Yoo YVOun . Yoeaan
S-glass / epoxy vy YY . Moo Yooon
AlyOy / epoxy oV Y.Ve Yoo Vou. L Fiaan
oV Y.ve . Aoas v 1Yo s
Graphite / epoxy Ty KX Yoo Yo Y. YaA
ny KK . e K TR
Aramid / epoxy 1y VYA Yoo LR VY. £
Ny VYA . oV A Yooos

VL 5 s Ayl 5 dmilim 53l SlS el il s (Sa




O i) Tyl o Gl 5381 e g andiiall Jaall 4 5l ge 5 olasl) Bas ga 5 5 paitne Y] cuilS 13 -
S [9,Y] ol b Gl 5 el saLall

0c=0m*vm+0f*vf [\'\]
and
Eq=Em ™ (Y = Vi) +Es * V¢ ['-¥]

Lol s

. (MPa) 48 jall 33kl & 2eaY) = g,

. (MPa) <L) & dgaYl = o

. (MPa) 4xa ¥l sl =0,

A U enall sl =V

LD aaall sl =y

(GPa) Jaeaill olaily 4S yall 3alall 43 5 yall Jalaa = E
. (GPa) <L 4 5 sl Jaase = E;

. (GPa) dua M ds s 5all Jalaa = E

el oWl (gl Jeaill olai) e (50 e slaily B a5 5 paiue Ay 58l Gl culS 1) Lol -
o gD L slasa s A H Y 8 alea Dl Lslase (550 Al saball imjall slea ) (i Jranill
S [8,V] of @l <l

0.=0,=0; =0 [\-Y‘]



Ect=Em*Ef/(\'vf)*Ef'l'vf*Em [\'51

. oandl olad¥) 84S jall 3alall A3 g jall Jalaa Jiad (Egy) Of s

doa )Yy Caalll Gl ga o o aaiad Y LIV 51 giall 1S el salal] A0Sl ciliall )
O Jeall JUEY agall g 3 ;1 ddasl oo caalll ) Gudaall lgay) Jlasl da o e Lyl aaied oS
V] A=Y s Gl e s day
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