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On the Adhesive Strength of Various Organic Adhesives

By Masuo Fukumura and Rinjiro Kawai

Central Research Laboratory, Hitachi, Ltd.

Abstract

Recently various new type adhesives are developed and their utilizations are

gradually extended, but their detailed attribute related to adhesive strength has

not been well known.

Writers tried the adhesive strength of several organic adhesives using copper, brass,

aluminium or iron by the method of A.S.T. M., and on phenol-resin,
the relations between adhesive strength and adhesive pressure,

etc., for metals above mentioned.

Although the obtained values are varied with adhesives or metals,

examined

area, loading speed

it has been

clarifed that phenol-resin and urea-resin are rather weak, vinyl-resin and rubbery

adbesives are more tacky and strong then the formers and epoxy-resin is most

excellent.
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Fig. 1. Specimens for Tensile Test
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Fig. 2. Specimens for Shear Test

under Tension Loading
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Fig. 5. Specimens for Cleavage Test
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Clamp Tool for Test Pieces
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Table 1. Properties and Conditions for Adhesion of Various Adhesives
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Table 2. Tensile Test (i) Contact Pressure 0.Z2kg/cm® Loading Speed 5 kg/sec.
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w = u 50. 9 2.4 23, O 4.0 94D 4.9 22. 7 s 44.7 ol
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25 3 E H B IR B (i) # 35 JE 2kg/cm?, # & @ B Skg/sec.
Table 3. Tensile Test (ii) Contact Pressure Zkg/cm? Loading Speed 5kg/sec.

B #F 45 7 e B T S EH & % A o #A

Iﬁ EI B’ﬁ E J%f- —_- a =] M =1 R - j_ [ir : “ = =
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1.4 1 65 2k 67 1.3 54 L. 2
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4 F O g R B (il) #8 F £ 20kg/cm?, f#if 3| 3 BF Skg/sec
Table 4. Tensile Test, (iii) Contact Pressure 20kg/cm® Loading Speed 5kg/sec.
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W £ =  10.2 0.1 8.0 0.1 22,9 | 0.1 | 25.9 0.1 20.8 |« Q.1
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# 5 F i om R B (iv) 8 55 JE 0.2kg/cm?, # & 0 JE 40kg/sec
Table 5. Tensile Test. (iv) Contact Pressure 0. 2kg/cm?® Loading Speed 20kg/sec.
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8 6 £ it B OB wr R OB () B & &£ O.lkg/em®, @# #E| # [ Skg/sec
Table 6. Shear Test under Tension Loading (i) Contact Pressure 0.1kg/cm®, Loading Speed 5 kg/sec.
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£ 07 £ W OE o ok R B OGD #L & E lkg/em®, # & @ P Skg/sec.
Table 7. Shear Test under Tension Loading (ii) Contact Pressure lkg/cm® Loading Speed 5kg/sec.
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Table 8. Shear Test under Tension Loading (iii) Contact Pressure 10kg/cm? Loading Speed 5kg/sec.

cllka 4 Frs=va | & P %
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oy ox 10.6 0.3 19.8 0.2 14.8 0.5 35.4 0.5
=] S U 4.2 0 4.3 0 2.8 0.1 3.2 0
Range R 11 0 10 0 7 0,2 8 0

# 9 F H w o wr W B (v) # ¥ E 0O.lkg/em? i &= #H [ 40kg/sec
Table 9. Shear Test under Tension Loading (iv) Contact Pressure 0.1 kg/sec. Loading Speed 40 kg/sec.
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HE & E g I - " , =
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YA ) X 19.4 5.6 32.4 2.0 60.3 2.0 H4 3. 5
R = 7 4.8 0.64 13.8 0.7 k.5 0.38 14.5 L: &
Range R 12 1.6 38 1.9 20 0.8 21 3.5

w10 % HIEWEEABR (v) 85%E 0. 1kg/em?, pigsips Skg/sec. HEEmaE 1/2007 (17x1/27)
Table 10. Shear Test under Tension Loading (v) Contact Pressure 0.lkg/cm® Loading Speed
5kg/sec. Glued Area 1/2[ |/, (1x1/2/)

s 5 FLI =W H T o
we @ 1 = T = - §
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g 11 % FuEWEsE (vi) #5E 0.1kg/cm?, #dmps Skg/sec, HEmAF 2007 (1/x2/)
Table 11. Shear Test under Tension Loading (vi) Contact Pressure 0.lkg/cm? Loading Speed
bkg/sec, Glued Area 2[ /7 (1/7x2'")
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HE s B A e , & \ =
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Range R 4 4.1 7 1.9 16 3.9 21 Bl

£ 12 £ Emuyw R ROBLBEE O M 2 F oo ERBr2 & r >k a
Table 12. Shear Test under Compresion Loading (i) when Thickness of Adhesive Layer is In-constant

T 4R TrI=va | K 4 f F N -
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£ 13 £ HEHEWEAR () EHFEoOoMx F2*ERBLBFCHEEBEORBELXB VWEY &
Table 13. Shear Test under Compression Loading (ii)when Thickness of Adhesive Layer is Uniform

R i I s =L FH o 44 R 4 4
K (kg/cm?) | (1/100mm) __ifi__ 5. i 7 %— ) %_ : iﬁz_ I
Ty ow 35.6 2.0 106.2 3.3  84.8 1.4 299.4 = — sy -
R %= u 1.9 0. 18 10.0 1.7  18.9 | 0.31 10.4  — i i
4.2 49 0.7 27 _ . o

Range R 12 1.2 23
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FlFEY 28 14 RIORT . Dia
14 VoA LBEHOESREIC X 2RI HED: (1) PrERIMEED(FZE & Po5E. A MHE
DG TR, RCEDVBRIEL VRS VWX 5 TH E 2 B~ 4 ROMERZED(E 2R EE OIS ICX
B T5%ThbihLTHY»S LE 16 ‘O I 5,
o 14 # ﬁq et B, MmE kgem/cm? Table 14. Impact Test. Strength, kgcm/cm?
L i o Tri=va | K % 2 % M
™ ‘ijj:. I_j ﬁﬁi ﬁ J?“ pu W | = - = | _,E'-ﬁ’___ s = 14, | =
W (kgcmjem?) ([/100mm) B | B | ® | & i I |
- 13.9 5.2 16.7 | 2.4 | 18.9 | 3.4 | 25.2 4,6 | 19.7 | 2.5
R = u 3.3 1.28 5.4 | 0.77 | 5.1 | 1.14 | 11.4 3.4 4.3 | 1.33
Range R 8.6 3.5 1.4 | 1.8 | 13.0 | 3.0 | 29.5 6.9 9.5 | 3.3
9 10 F& JURRE., ¥ rHE Table 15. Arranged Table of Tensile Strength
B R i s
il P =94 | % 2% T % M A
jr?l Jt_{ H =l W 2 - -
0.2kg/cm? 49.2%k g/cm? 108. 6 1110 102.8 101.2 94.6
2 W 129.6 135.4 128.8 56. 6% 43. 8% 98.8
20 v 94. 8 131.0 155. 2 93.4 100.6 115.0
E B 4 | 91.2  125.8 1317 - 84.3 81.9 | 102.8kg/cm*
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Table 16. Arranged Table for Deviation Percentage of Tensile Strength

— 7 B
il TrI=Ua K R gk T~ % i ¥
I S K ] LS _
0.2kgfem? |  10.8% 21,5 31 21.9 44 44.3
g @ 19,5 14.9 21.8 45.7 52.7 30.9
20  » - 10.7 6.1 14.7 27.6 20.6 17.9
CF ¥ M 444 oAl YT 2EE . el _ 38.1 Nl 8L.0%
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SEE 12 % AV EBSE RO & T hiE 38 (% K 4 (iv) HUARDINREE DRSS & G5 R O R #1%
L. BENE. 743 =9 A EERIVPSWEZRL PUREBINTRE D RZER(REZEE OMNEEE I 3 5 )
TWo RFCTIEE 18 Reed, BTSN HER
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BT Rinb. O R, BIORNLUE 11 RK)yOHIEBINRE O
F=D * EJOEITHEERORES 16.8 L ic o/ nIeD{E ISR X 2{EA B AL L E 19T LD,
T, BOMEL BEEE R OEA RN OV THEL F= DAY LEFTEEE L O RR W T BT %
ST 5 Lot e 5.38(>5.14), 13.9( > 75 L 58 MHnFnFh 14.8(>5.14), 8.4( >4.76)T
4.76) TUWONLBHEENHEDLNS, AIBLIEGEEOHE WO BREENBED LN D, AIHLESHEEOEM & 4t
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EROBEREEY TN TR 0, P L LTH~x ocP Sd= PR Th T o, S & LTHx oS ° 73
ﬁjﬁggﬂﬁﬁﬁ%abfm\ﬁ<?»s;vﬁw££ Set AL, RICHEEE T (i) LERESRA< 7L 3 =Y A,
SR<BEMBAL N Th D, PS5 X 28Rk faL SR HIR>8k & leD T\ 5,

£ 17 £ 4 i ;L e i BE & HE =B - - * L % %
Table 17. Arranged Table of Shearing Strength under Tension Loading and Contact Pressure

o T FL =
i TvI=v.a =S 2 43 ¥y fH
B E E ) . N
0.1kg/cm?* 9.8%kg/cm? 36.8 37.8 49.8 | 33.6
1 17 15.8 23.8 25. 6 42.4 26.9
10 /7 10.6 19.8 14.8 35.4 20.2
SE Oy MR 12.1 26.8 26. 1 - 42.5 ~ 26.9kg/cm*

s 18 FE 4t iz iy M it B i = e ¥ & & 7%
Table 18. Arranged Table for Deviation Percentage of Shearing Strength under Tension Loading

T _
34 TrI=va K & # S
5 % JE | :
0.1kg/cm? 23. 42 21.5 14.3 29. 3 24.6
1 % 14.5 29.4 24.2 7.2 21.3
10w 39. 6 21.7 18. 8 9.0 22.3
R #5 MH 25.8 24.2 9.1 18.5 22.72%

% 19 E:. ﬁ E;E D!} E’fﬁ ifjé.‘ & & ZFK‘ J'[—_1 I:_f[ f;: fﬁ b ) —ﬁ
Table 19. Arranged Table of Shearing Strength under Tension Loading and Glued Area

M EE
S 0 TIwE=T L4 =3 & gk 3 ¥ i1
ﬁ?&ifﬁifh i | )
177 % 0.5/ 40. 2kg/cm- 99,2 50.0 85. 2 58.7
j e 48 Lty 9.8 36.8 37.8 49. 8 33.6
177 5 201 14.0 V7 372 33. 2 27.9
SE ¥y fH 21.3 41.0 41.7 56. 1 40. lkg/cm?

B 20 F ft K B M @ OE W OE O£ r # EF B O M ¥ or » FE
Table 20. Arranged Table for Deviation Percentage of Shearing Strength under Tension
Loading and Contact Area

—~__ ©
S 3 TRI=va K # i S
ﬁ?)aﬁf_ : ' . - -
111 1/2/7 12. 124 14.8 12.0 19.5 14.6
LH 3 I 33.4 21.5 14.3 29.3 24,6
B 11.4 10.0 17:.5 e D 15.4
Ty E 19.0 15.4 14.6 23.8 18.22;
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L) Rik~e X 5 1007 BEOESEE TRk, B8
r b BEERER L 100kg/em? FEETH B, DLIRBIHEIR
K9 30kg/em? Th B HMRIE HAE < et AHEER
B4 TH B, —H 7 =/ —ARIEOMEL 300~
500kg/cm® Tk 57 HAMFIHIESR Y 7022 L LTH

ZEET IR VIA<#EEoBEEEILB LB S, PEE RN ) i B 7o biid 200~ 300kg/cm? L) b D FE

(ix) - IR & AR HEEHUATE T b B o HEDTHMD R IN { BRI
HURIREE IR O HORBIITREE L S HOBEIC LETERE  EEOMEETiThhicbd Tth 3

PFFEIEEEIC Lo TN 5 & Btk o, R
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HEEBIIREE D HILT — Z DIEH O & HhAE < Hofy
T EEORE L DL 5 Th b, fEED L 40:
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Table 21. Adhesive Strength and Loading Speed—: Ratio of Strength between 40kg/sec and 5kg/sec

(x1i) ﬁ&hﬁﬁ®<@‘mﬁ%®gﬁaﬁﬁﬁﬁ

-S> OFRERL 5 EORER A & Hv ity BIR U A
SR LT L1ohh B2 ORERF @B D  Eavi
W E S R RIS TTRIRED By ot R4
DSEHEHEIC O THTEE OE X LS ME ORICERE D

MR |
! £ Tws=va | K i 2k A % o HE
A IH | _ N _ S o
T i | - 2.32 1.82 e 1.84 1.99
HORE BT M | 1.93 0.88 1.60 1.09 — 1.58
w22 % OIEOE M oo B OX r B OF OE o B R GEERRK DA
Table 22. Relation between Thickness of Adhesive Layer and Contact Pressure
(in case of piece for tension test)
M OH
‘ i TwE=Yn E i1 #x 2N F ¥ |
e b | B =
1/100mm
0.2 kglcm® 4,0(2.4) 6.7(4 0) 6.8(4.9) 5.4(3.4) 3.6(2.1) H.3(3:3)
2 /7 1.4(0.4) 2.6(0.6) 1.7(1.0) 1.8(0.5) 1.8(0.6) 1.9(0.6)
20 /7 0.7(0.1) 1. 2(0.1) 0.8(0.1) 0.7(0.1) 0.8(0.1) 0.8(0.1)
1/100mm
DA < I 1 2.0(1.0) 3.5(1.6) 8. 1(2.0) 2:7(1.3) 2.000.9) 3.8C1.3)
% ( ORIXREEMEY RT,
w023 % @ oF OB oo BE X r o OEE 0 B K GRUNSRBRAOBA

Tabel 23. Relation between Thickness of Adhesive Layer and Contact Pressure
(in case of piece for shear test under tension loading)
M H
553 Tri=va H i 2K A~ & M | F ¥ fiit
B iH Tt - ] . |
0.1 kg/cm- 9.3(2.0)1/100mm  5.8(1.2) 7-6(2.1) 4,4(3.5) - | 6.8(2.2)
1 17 2.5(0.6) 1.2(0.8) 2.9(1.1) 2.000.6) | e - 2.2(0.8)
10 7/ | 9.800) 0.2(0) 0.5(0.1) 0.85(0.2) - 0 0.4(0.1)
¥ A 4,000.9) 2: 400, 7) 3.1 1) 1.3(1.4) — 3.1(1.0)1/100mm
% ( JARREEEEYTT.
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Table 24. Shear Strength (under tension loading) of Various Adhesives
T BEEl 7=/ VEIRE | g o4 "'?x/—wwﬁﬁ TR = A v v v g
B m Ay Noal | M A (A g (AgNe.z | B E AY | prmm) (As)
IHE R OEE o2 1o, ; o : o A ;

B EfE | kg/em*  1/100mm = _ 5 B _Eﬁ ol J‘_’f“ _ ﬁ & T _r_f&‘ Iz
oty o a, 14.4 . 14.3 | = 41.4 | — 20. 2 | o 4.1 | —
O w | 2.47 — 1.71 = | - Bg | - | B8 S 17 e
Range R | 5.5 2(3~5) 3 ‘ 2(3~5) 15.4 1(2~3) ! 6.2 d(2~5‘ 0.8 | 1(3~4)

B v Yy vy vy Eig =) TElasEaRl = thHm‘i&‘é; ) |Urac Resin (Ay)| v 277> 0% |
Gamsns (ho | (Ap Nol || No. 2 (As 185 (Ap)

i e B g g @ | Eﬁ E | om | i 5
£ #5 x| 1.08 — | 874 1 = | 13.B BT . = 13295 —
R = u 0.5 — ' 1.8 ‘ — | L51 e - 3.4 — | L.79 | -
Range R 0.77 119‘--3) 2.35 2(5~7) 3.1 2A6~8) | 7.8 | 3(5~8) 3.1 |2(2~4)
- —— | | e — = —— ! = = e - * — —

el e 77 7> 30 5 €= MREESEA = dil Beghil| v = A fIRBEEN (& €= 75 7=
(A1) No. 1 (Arz) b 2 (A;z) #Eafd) No.3(Aw) #EiEH (Ags)
aem o B | E | B | K # 0 i 7 i -
SE ¥ ox 28.65 - 44.56 - 97.9 - 18.9 — 28.9 e
R % wu  8.66 - 9.34 . | 8.2z = 2.3 — 5.07 —
Range R 18.6 | 3(2~5) 27.7 4(2~6) | 20.5 | 2(2~4) 6.2 | 2(5~7) | 12.4 | 2(2~4)
> PEFEH] €= 7 AN Foom IV ¥ = i g el =" A BEETEE Pliobond 20 4678 Adhesive
B Al (Aqg) No. 4 (Al.ﬂ (Agg) (Ayg) (Agp)
7] _ _ _ _ N - : ] . -
T o x| 32.2 — | 8T — 52.3 — || #8.2 62 =
B = © 3.4 — | 1.6 | — | 25.6 —- 5.47 — 8.14 —-
Range R | 7.8 3(2~5) 3.1 1(3~4) | 56 3(2~5) 7.8 |2(3~5) 20.8 | 3(2~5)
]| e u— X RESE Araldite type 1 | Araldite type XV ZE@aH RfEEAl No.l
' fil No.1 (Agy) ) (Agy) | (Ag3) (Ayy)

S i w | JE i 7 i iz

E ot x| 65.1 2 | fiEd | — 95. 6 " 10.5(28)  —
B = u 6.84 = . 10.68 | — | 15.8 — — | —
Range R  16.9 3(3~6) 30 . 4(4~8) | 36 . 3(2~5) — | 1(5~6)
# 25 £ @A — F ¥ o BB F WA B E KR E
Table 25. Test of Significance for the Similar Type Adhesives
e | T, — T, V/ 2neFa)
%‘ ?IJ ju ﬂk‘{ :}% T 7l X |4T1+—5T2|% ((q_; D df) % = @ﬁﬂ
% A, 1 A 1.30.3 /7 A
= 9 7 & g % A, : Ag 08..3* 420. 1 | Eliis
/7 A, Ay 119.2* /7 | /7
T 1‘}:,'?:[ HE % A 10 : A 11 293% /7 /7
E = 71_'“:1:" DE" ;‘r:} A-m > A13 266.5 99.17 %‘
/7 AJH . Alﬁ 83 /7 ijﬁ{-
/7 A, : Ay 21.4 /7 1/
i I %: AI’) 3 Alﬂ 65.5H /7 | /7
/7 Ass 2 A 48.8 /7 | /7
=y % v v i#E IRV 114.2 99. 17 =

s 1. EEFIoFE (AL Ay ) 35 24 FoEgErlaiitim ( DRO $O%RT,
2. s« ENLREEE 4 EBO D,
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Table 26. Test of Significance for the Different Type Adhesives
—_—__-_'__._—l__.—l-.—-__—

/ [2 1Y
=2 71 i 8 55 7 |'T;—~T,] ¥ ?;f 'E’Z;;_{;i BEDOHE &
7 x /= ViR L = ) TS % A; 1 Ag 8.6 99.17 e
7 - /J— )L Tﬁjﬁﬁ% & o = 2 ﬁj’ﬂﬁ% A] - A11 66.4 /!’ /7
Zx/—=1LEER L ¥ = viHER Ay ¢ Ay 146 1/ v =)
A ?Vﬁﬂé% 2 8 % A12 . AIB 38. 6 4 ':ﬁfr;
TLARE=PFL Yy Ay @ A, 281.3 99. 17 =1

TR £ OB OF R o OB B OB, B OE E lkg/m?, & = B 5kg/sec.

Table 27. Cleavage Strength of Various Adhesives. Contact Pressure 1 kg/cm® Loading Speed 5 kg/sec

N BEEl S,y »#EE#H] No. 1 (Ap) = / = iRfg H%'ﬁﬂ No. 1<A1)( 797 &Jﬁ
)5 fif TR 5 . & =R 2] M &2k
& ¥ x 31.1 kg/em* 30.8 36.6 58.2 29.3 26.7 38 36.4
= U 7.42 3.54 8.09 3.44 24,2 9.45 11.03 2.9
Range R  18.5 8.5 19 7.9 37.4 25.7 29.6 7.7 kg/cm?
ﬁ%ﬁ” =9 T fEEER] No.l (A-.) b x77y 08 (Ayp)
WL =y i '
| B & 44 TR 2 4% 4 o #
WeEa | ; i
~F ¥y x AL L BEE LB ERGSE T b 3. 6kg/cm?* == — 3.2 37.0
2 7e 1.9 — — 6. 64 8. 82
{?angej R BHIF & mﬁ’jﬂ“m% 5% Rl 3.8 — — 15.9 21 kg/cm?
BIRE ¢ = BB No. 1 (Ag)
~_REEEE R i ) e v
£ el T i B 3 e 2
H AR ) )
- ¥ x | 19.6kg/cm? 24.8 38,3 ot b 37.5 45.3 38.5 0l.8
=] 3 u 2l 6.59 Tl 3. 7 4. 08 2.0 5.7 3. 10
Range R B4 10.9 13.9 8.4 9.4 4.6 10.0 10.0 kg/cm?
BOETL Pliobond 20 (Ayy) 4678 Adhesive (A.)
e _ — — A S S
kB T m | T2 & £ 4% m Lz g
-F ¥ = 10.7 kg/cm*® 10.8 2.0 5.4 2.46 2.8 0.86 15.5
= il e 20 7.44 0.69 K A Z:39 2 19 0.33 6.39
Range I 9.3 1.7 1.55 7.0 4.4 5.4 0.3 17.3 kg/cm?
kil = 4 FEEEA No.1 (Ag) € m— xFEEHl No.1 (Ax)
GG I w127 W m | T2
£  # x  14.6kg/em® 12.1 27.3 27 16.4 18.6 17.4  21.0
i = U 0. 70 3.95 1.84 0 4.06 3.04 10.6 3.84
Range 4 15.5 8.5 4.7 De O 10 18.7 23.9 14 kg/cm?
~— B Araldi 102 (Ay) 1 3 B »i. 4
raldite type (Ags) EOBEGER L OFICIZEEZLABD Lvis b, £
N RS & —F LGN IV F LT I Vv—TII TR
X %K @ 77 7
i 52 A S HEZER#ED S, BEL f=HR<F 271 3 v<L
Sy :1,_ __23_4 32.0 44.7 44.0 gk O ThrB., 77 v &L 400 FHENNC X 24 E
" % u 6.83 7.91  1.72 4.8 DS L R, S<F 2 T4 3 v<SOEREZRL
Range R 17.5 18.5 3.1 4.5 E D% b IF : = s,
= = 2= = ?CL\"'_ f_tj_.fﬁ] fﬁi‘-ﬂhfu- %@ﬂiiﬁ\ }w:ﬂ'\\\ 9.__17)1’ 2
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Test of Significance for Cleavage Strength of Phenol Resin in Various
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