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ABSTR/\CT: For steel/polymer laminates using three different types of polymer, i.e., modi-
fled epc«xy, acryl copolymer emulsion, and isotactic polypropylene (IPP), their lap shear
strengtl and interfacial failure conditions as well as their relative damping effects were com-
pared. ; . mong them, the toughened epoxy showed the highest lap shear strength value. This
is due 15 the excellent adhesive ability of epoxy resin itself and the appropriate control of
tougher »ss. This also provides desirable damping properties of the steel plates. In epoxy
based s'z2el laminates treated with amino silane coupling agent, lap shear strengths appeared
higher 1nan the untreated one under both dry and wet conditions. Since the interphase be-
tween s eel surfaces and epoxy resin is relatively rough, this can contribute to improve the in-
terfacia bonding by mechanical interlocking. Acryl copolymer emulsion and IPP showed
adhesiv. failure, whereas toughened epoxy showed cohesive failure. This means that the
bonding between steel and epoxy is better than that between steel and others. With respect to
dampin; - factors, the acryl copolymer emulsion showed better damping capability than the
commer clally availabe Japanese steel plates. In addition, the laminate with iron powder
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showed :apability for improving vibration and sound damping in a wide frequency range.
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Table 1. Three Types of Damping Resins used in this

Study

No Type Chemical Name Type | etc.

1 Thermoset ~ Modified epoxy =¥y

T Acryl copoly 9

2 [Thermoplastic| <~ COPOYMEr g%
emulsion* solid

3 Isotactic Polypropylene |sheetd

* Trade name ; HK C-501.

Table 2. Chemical Structures of Silane Coupling
Agents

_ltem No.' Chemical Name Chemical Structure
A0750  aminopropyltriethoxysilane NH,CH,CH,CH,S1{OC,H; )4
G6720  (3-glycidoxypropyl) p O\

trimethoxysilane CH-CH-CH,-0-(CH,)5-Si-
(OCH,),4

* Petrarch System designation.

Az YA A FA] FAE A3 dFE AFAE
Petrarch Systems Co.2%E] FUEROH, o ojA+
o] HriE2 AHAlgle] AMEEIJTH F712] FHY AP
& o}M7)7} 9= aminotrimethoxysilane(A0750)
9} A ZEA)717} )= 3-glycidoxypropyl trimethoxy-
silane(G6720)S Argsisich Ak AEAY Az
ZHL A EE Bt F§N R A2l
18 %59 steel plate®] FHo| ¥ AAH, o] 40
9] FF2E WA FE3HA BXRAIFTH AHE
A AEA 9 F5tAQl Fxe Table 20 JE}h

Atk o) T Azt AFA = o FA #RE AHS3}
£ FoelT A2 EUT
Steel: A7} 0.2 mmel AFH(SPCC)S AHESH
9.
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Laminate A|g2] M|=: Lap shear strength<
Ast7] YsiA ASTM D(1002-72)14 s
2ol oalA A|HE A &SP L (Fig. 1(a)), A
S EHY + e AHE Az Addys,
30 mmx 150 mm9} 271& 7IXe $49 #& 7}
i Fig. 1(b)elA Be nie} ol Azt +
waelol £X)18 EXIAY £ BE ARHAA 2
vl o] o)A & #g P& ¥ hot pressdpALt &
L, oBoA 4A4% A2 2 clampingdle] 7}E3}
acth. EE?} =2 (C-501) = hot pressoll 4] 3000
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Fig. 1. (a) Dimeision of specimen for lap shear
strength test and (b) dimension of laminate specimen
for damping test.
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Infrared Spectroscopy: IR spectra= Bruker
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Lap Shear Strength ZX: ASTM D(1002-72)
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Fig. 2. Schematic system drawing of experimental
appratus for the : amping measurement.
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Fig. 3. (a) Unetched steel surface (x 200) and (b)
etched steel surfa:e (x 200).
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23, Table 3& lap shear testollA] steeld} 4=
A7) FEHA ] 45 99 "HAGY A A=
#e F3E He C’r ol TT7F FEF EolAY
2HAAZPAUE dojU=2g overlapd Zol7}
8 FELE %‘ﬂ*]@ T e Aoy gA Hel
ol4dol® overla)e] ZHolg F/MAR HIAEE
i Hoz F74iR &4 "ot &, dWye] g
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Lap shear te:t ¥o] AIHe| AW {AAGS 4
HEH, 4ol F7HE AZAE AMRF Afol=
cohesive T|7} F2 dojyt=d B3y, TEF
C-5013 B3 IPPY 79= adhesive T}7)7} o
olygrt. oA thg F Aol vlg] oFA| FX] 2}
o JHos 2 AYAWELE o] F9 + u)
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Table 3. Lap Shear Strengths and Shear Moduli for
Three Different Resins/Steel Laminate Specimens
With Three Overlapping Lengths

Resin Overlapp Max. Load Shear Shear
Type Length (Kgp) Modulus  Strength
(mm)(in) (MPa) (MPa)
WA 12.7(0.5) 77.5 2.07 2.53
Epoxy 25.4(1.0) 109.7 1.42 1.63
7| 38.1(1.5) 130.8 1.45 0.97
Acryl | 12.7(0.5) 30.5 0.93 0.91
Euml- | 25.4(1.0) 51.7 1.15 0.79
sion | 38.1(1.5) 29.1 0.72 0.31
12.7(0.5) 20.1 0.67 0.64
[PP | 25.4(1.0) 43.8 1.32 0.65
38.1(1.5) 60.2 1.43 0.62

9] & lap shear strength Zt< RoFic). Az
TAE AHEE B steel BHAY oFH oz Q)
3 =E W5V AR sisty AgSel 7
ated, viAE AR o And ARdgez
adhesive Z#7} A 2] dofubx] ek, thd) o) F
Al 2] BREo] steel FHY Eo] Q= AL B
T 7 AU AL AFAVE EFT G6720
o2 Al FHL o177} e A07500.2 X
Bk Zlofl dlgte] AW failured] FEo] Atjzrlez
6 B2 & & 7 At ol olviv|2 2
T A07500] oFAI7IZ AREE= G67200] H]3le
steel T o FA] £2)74Y 3eHAQl Ajte] §3
7 Holuhs A I F3 Qlvh. (1)9 shsh4lelA
E T UKol A7 ZAYA Y olule] =79} o EA)
9] epoxide7]|7te] FEHAQI wEgo R 3zHUH<I
networkZ o] &o] Ast A3S A B Ao
t}. o]ol W), G6720-2 v]&E o7l ATrche AUl
2o g oFalx|nt, 53R FA] 2]} epoxide”] 7}
U= A ARAS FEHA A vk ol &
2 inter-diffusion®] §#E 71 $= UL FHo)
t}. Steel B9 /op-AP AA /AZA] £X7H
o] Z}shA] Ajtel tigk £2lS Fig. 4o YERA
=3

Fig. 5& (a) Epon828, (b) &3 A0750 %
(¢) G67209] FT-IR spectrag vtepdith. 913 cm™?
o4} 5471 epoxided] Fo|aE & F JYoH, &
T AT A07500041] NZAJ7] (-OCHs) ol sigdsh=

=
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Fig. 4. Chemica reaction between epoxy resin and
steel surfaces u: ing amino-silane coupling agent.

1072, 1100, =za]x 1166 cmollA2) mo] =9}
1660 cm ol A<] o}RlZ]] o3 E & £ Y. L
2] 930 cm e |A] SIOH7|& &1& 4 At T3,
%= 3t G6720 2] epoxide”) & 8559 913 cm ol A
2 4 23, v|EA(-OCHy) 71 & 811, 1072 #
1191 em ol A 2 4= Ut}

Epon8283} ;.0750 F&u}te] 8Hg-& Fig. 6(a)ell
A B 4 gler], =3, Fig. 6(b)olAl= Epon828
T} G6720 BE W] WS ¢ F Atk (a)dlAle
epoxide”] 9] 7§ o2 Qs ok 3500 cm™ F-Zol A
o] hydroxy”]7 FA 713 Ao & Ho} wrgo] 2
AYHASE ¢ 5 Atk olell B3] (b)elA= A
Aoz 3500cn oA hydroxy7]e] =7|7} AMHA
o7 Ao Aol Hol Hkgo| A o]|RoHI L &
4 o}, o] 59 A lap shear strength A|H ]
Aol A 4% - FEEA Jehgth &, A0750& #
A2 AHEPE A7 G720 AHERIS B
v} dry9t wet BA$oA EF 2 lap shear
strength 32 ! .o} F1c}(Table 4).

%3 AejolA Y #3A gitE 8Rls7] st
A" AES 30T Bl 30% JF B2 Rl
lap shear streigth A|F& dryAelclAs} L3

Eol 20 d92%5 19963 3¥
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Fig. 5. FT-IR spectra of (a) neat Epon 828, (b) neat
A0750, and (c) neat G6720.

2702 AAE Yt 1 AW, dFA] FAE A
2318 A9, A07500.2 HFE A2r} wxa]
A 9o BsiA] A ©] 2 lap shear strength gH&
BojFgict. I ol R MR e Bfe A
7} Adgoz AEsle] AW welA)gle WEd,

AZS A)E A ole ol ZA X9} steel FHIE
o 3t AgS slo] EEAL 4A ARESA F
3l7] WlEo 2 Yot

48 mounting#lzl AME BT By
Zd%d_s}ﬂl AIAA FEEGIZE Folo] steels
te) A BAsT. Fig. 74 tehd o
& slgoz BRW 349 A9 AYe
9 A verten, oA AW Y
ARoZ YHNA F& HES T Folth &
<, %B@% 7477 Ate] 10% 9] 2u 2
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Fig. 6. FT-IR spictra of (a) the reaction production
of A0750 film an1 Epon 828, (b) the reaction produc-
tion of G6720 filr1 and Epon 828.

Table 4. Compar son of Silane Treatment of Steel/
Epoxy Laminates under Dry and Wet Conditions

Max. Shear  Shear

Type Load Modulus Strength
(Kgp) (MPa) (MPa)
Untre 1ted 775 1.15 2.32

Dry AQ75: Treated"”| 83.2 1.24 2.43
G6720 Treated | 79.2 1.20 2.38
A075 Treated 74 7.8 4.7
G672¢ Treated 2.2 4.3 2.6
Untre ited 45.5 0.77 1.42
Wet |A075) Treated |, 62.3 0.98 1.97
G672 Treated | 54.5 0.85 1.67
A075) Treated | 36.2 27.3 38.7
G672 Treated | 19.8 104 17.6
U 0.5wt% treated.

Y Improved % = (1 reated-Untreated)/(Untreated) x 100.
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Fig. 7. Cross-section showing interlayer (a) without
steel particle and (b) with steel particles.

Relct. the 2 2 24
58 A1 F 2] 2ol Akl weh Wstet 2l
£ BES kg 2ol Fig. 8o Foial 2ok, Alwo]
ARD Qe FHAU R A7l Zigiel wheh ol
TAFIE Qe Bge] & veht Qo a7t 2 4
AASE AZe] Pashs L& U A Fol A
ok zhzel Aol AT e BgRe) Tetg

Polymer(Korea) Vol. 20, No. 2, March 1996



AR A BEE F&/74 S¥A8Y A4/7144 A4

Amplitude

Time

Fig. 8. Typical fre >-decaying damping curve of ham-
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Fig. 9. FFT transfered spectrum for typical resin con-
dition(Epoxy +Fe powder).

Table 5. Comparison of Loss Factor » of Different
Laminate Sheets for the First and the Second Vibra-
tion Modes

AZRE . i
AT D i i
Epoxy +Fe powder 1.46% 411%
HK C501V 8.39% 2.48%
IPP + Fe powder 1.25% 1.71%
JapanA|sH? 7.69% 1.80%

" Acryl copolymer emulsion.
9 NettetsuviblessA}2] vibration —damping steel sheet.
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