..nuhm.unlu..y///////‘ ﬁ %ﬂ % 1
Do gpEEL RBRGE
3 A R
e = o)+ [ $0f e o(@rdras
1. # B

WREEY nHAFEL BHEETAA ERAE &
HEel g, 2d4 =535 BivHstg 433
AFs ok s, GE5ED HPESRA BRZT 2
B BjE g}o] o] = Hysteresis &4, ¥ 24, Vibratiol
Damping % FEstel AHdck . FH54
< vedE FAAES BEE, SIREE, MEREERE Y
Damping {RE(Hysteresis)®] £ o],

ZFAGFEY B BiEg FHIY) dHAL elas-
tic modulus (E’), Loss or Viscous modulus. (E’)
Complex modulus (E*) @ Loss tangent (tand)r}
MEEe Aosted A2 gl

AEEY HEEEE &4 ARE=EA Rheovi-

bron, Rheometrics Dynamic Spectrometer, Wallac-
payne Hysteresismeter%o] =3 Yt}
3 EA9yg e 24 Goodrichy
Flexometero] ¢]§ Heat Build ups} Reboundo] <}
8 frfgiEego] Damping R (Hysteresis)e] X/
Z st RS2 gl

o 71 A & Hysteresis9] [FHE, REL%E 2 BHEHE
=& Rt

= Hysteresis2]

9. Hysteresis?] BE

59 e mAaFYES BEERET BEV EE
< BAfRStE FESC] el HBISA & FREmEN
(non-Linear elasticity)& YeEbdel, AEFEH HE
HEEERA A ZERYEY EIIO—BEEO—K
B MRS ERAERE &3 2o BEAE F 3
=},

+5:“ o(s) (o) —7s} ds+f:m-}7— a(r)dr

A E:BERE, v=E/7, $(0), (s) : FBBUIK
i, RIERTEY EEREE fa2e 44, s 2
3 ompBel . A4S F1IES MEEEE, B2
He Sy (BREBEFYE), % 3H2 Hystere
sis i GRIBRTM), F4THS RS deb
= FHolh

SN et el deivs whA AJ)E ubEs
o fnstd 949 ALBEHESt 2& A2E S3A
Sz g9 fhfe] Ak, ol ehZ-& HARE Hysteresis
2z Lt £2¢9 ¥ e £ & Hysteresis
Loop#} e,

¢] Hysteresis?] #2 W$ =142 damping Capa-
cityz} gc}, o] Hysteresis H&-L 37149 FEo| 3
o= A7,

1) BTG (Mechanical nonequilibrium)

NEHTEE] 213 Hysteresisyt & dejute 2
2=z YEY $ok HBE firelc. ol d K
ol A= WHWEREZ Microbrown -2-%F¢] AAg 2=
Hookeigft ol 7}z = Hysteresisy} dojv}A] ¢ &vt.
28w %8 Frbd whe} Microbrown %50 44
AR 2 @]l 49s ©w&d o] Stresso] He} &
A @y, Eiel S Stresso] ga FA @Y
o] 2% StressE AANE AR E Solo A Lt
& Hysteresiss} dejvte A& GFHYol dob o
% ALY sty Pz EHE 249 o
. '

2) A% (Thermal nonequilibrium)
2ZFE QAstd ZFAALY L5 FohE 9
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2E-2azk

&

B\ HEEH

82 (heat of deformation)e- A4 9] EES
SA 7 (BB 25 59 #3(FAY 29 &
Aol ¥ et g4 F4dE Hel 98 F o
H £ o] T4 A& F= AT} o] 34 W
&oll o8l A Stress-Strain figge] o}F chzA =,
EiRAB (Ll A e 25 BES LRSS 844
TE ARLES o] A5 I, NBHTREE
o] ohdAe StressE: Mg AL AAYR A4} 5
<449 A% BEFEe e} A= Hysteresis: ¢
o},

HddH oz Btdte SR JFIEA ®E 2
Holm Hysteresist: geojudr}t, o] F2—agdd 9%
Hysteresisi= # h2d] gl 4] Carnot cycles} 7},

Qz,

3) {4 # (Phase nonequilibrium)

AL (Lol )% Hysteresisoloh, SHMEHT
2 o] 9t BATYES Fob Bold BALD

of &Lt ol gl $4 wHo| Frshe] Stress
2% E9E A%t A0 BRLAAD 45 A
A #3324 oo H2hE $25t s 9o
ofd Straino] webd AAGSF wAAGYo] F
el S Aol ohz W@ (quasi equilibri-
umz Ho] 9o, o AR dod G4 &3
& e AR} Y] 4. F 28 WPl A
g3t B4 AR} Yol AL 129 A4
F—uAA5Y cycle o AAR] do} 9 A E
olch, Qutdoz Aol A4eEdE FAY Aol
Ackz AARd, e g9 449 x e 44
o Agele,

3. PREHRIESE B ¥ FE

AAAZA A FHEHE 2 9 HEE= Rheometrics
dynamic Spectrometer, Rheovibron, Wallace-payne
Hysteresismeterg-o] gion ol & RERES BEZH K
AE ga3 2o
- glass EEBELS] BUE.

- HESER, JEEEARY & milddA &Y R
- BEES REES A B, BV aRliE R &
HRE Sk g &F0 Spectrum.

- STEERRAGEE, STEERM 29 HTRE

o ®A = 4,

- Syt o gt RERR{CARARS] dEtk
- Smectict} Nemactic 29 7 #5189 &1,
R, B, ERERE BouEnst 22 AR

100

=S THH

HEAAA dodvts HRY il
- SEiERe] e o9 B, sRassTd s
i B,
BlER 2 e et 72,
- WA THEe] Damping 449 FFE.
- polymer blende] JEA#REES] ik,
- B Filme] M#IHsEY 4.
- RECRES o 24 JEMEGEEES WE.
@A REtd o Fzusle mH.
- BEEETIS BIR

1) Rheovibrono| F2 U EREE

AR el ERKY MREYE Fv A%, 3
Bhe fhimel & ERLEEETCl LA et ofw s
FES friEA 6 N-E tandE = B [EHY al
B8 EREEEE T3 Aot

DDV—I—CY fIEFREBE =i, 19 FZEES =&
o] DSCZHH #iFd EH(EBRLHER & Power
FiEste EyiRes (Driver) & FEEA A, o= 0.01~
lHZgi BiRd = FEEe BEEBEREERZE LER
v}, Driver2 38 REkhd F& EZRNERS &
# gauge (Strain) 24 fHtiEeh, = Straing F
L 2A BEh iRl A st ERBKES]E Stresg,
gaugeZ 88 g 5 g,

o] 2%@e] BHEHE VeCtOl’B’J"i FH3H =4,
28+ 710] Straing] Vector a,o1 &) 4] Stresse| Vec-
tor a, 2.4 488 62 £ELS ook

o714 D. F.(Dynamic force) A. F.(Amplitude
Factor) 2 (Iql=lal =109 fE#e B3I % Mk
AA=ZZA

—_ — . 5
a,—a,=251n—2—

7} =53 # ScalediA &= 251n~‘25-—-g— tande] #x
Halel EERRAT.

= EFREEEL Strain, IS EHEE A.F. D.
Fol Dial £%F, REAAAe], @Al WmistlA
Eitig o

HHEEEY] Y, EEES SR ERME tanF
E5E igtd] 2

= FAREE 0.01~1HZ, 3.5~110HZ9 2Ee°] =
BIRBRERS ERB dE25 A4Ed 2 switch
L, H= 95533 0.01~1HZE #I#kitdl, 3.5~
110HZ= #&7% meterd] EFH = #KET= At

1-1) Rheovibron model DDV —J —C&] ##5
(1) WEHE : BfEE 10°~10" dyne/cm® tand



39 BEyES RR7G%

Fig. 1,

0.002~1.7 0.005~2.4 (9) BHESABE :0.01~1,3.5,11,35HZ9] A% =
(2) HHV5RRAR : RAME 5X10°gr. &AMz 2cm 25X 10~*~+250X10~%cm, 110HZS 7§ *25%
(3) HIEAEL:3.5,11,35,110HZ2Y 4% 107~ £80X10~*cm
(4) BRABHAF 1 7TLXIWX0.5Tcm (10) tand 71 & :3.5,11, 35, 110HZ B meterd] A
(5) X Full scale [RE :#E 3.16x10*dyne(%y AR 4% 0.01~1HZF tand scaleg o] &3 7]

32gr). {7 2.5X10™cm A48 DATAZA 349+
(6) B/OMERE - FfE 6.3X10°dyne. {7 0.05X1p (11) FEZEE © %8 ~-+200°C(model Rheo-430& o]

Tem £)~150°C~—+250°C(model Rheo-436& o] &)
(7) HIES: HE 10°dyne(§y 1,0208r). iz 80X 10 (12) B : AC 100V 50/60HZ

~fem (13) %ttt | BREERT +10%¢ @AsA =1%o}
(8) BHIRATME 1 4.9X10°dyne(#y 5X10°¢r) u.

. DETECTED STRAIN SIGNAL o
RVDT ~— SERVO  COMMANT "}
TEST S3aTiON . | ]
MOTOR TACH }r . ) © o @m@n SIGNAL
R H@ © H CONDITIONER
Y TORQUE/NORMAL we@® © ©
OVEN—x\ N e ©000
T NORMAL TRA!!\ REAL AUX
HEATER ON/OFF TORQUE COMAA'\ID STRAIN

TRANSDUCER:

l L COMPUTER/
v DISPLAY
—3

c—/3 DEIIEU LLT.IID EIED
THERMOCOUPLE SAMPLE TEMP [ O/ M CIJ
PRT AIR TEMP 1 O o

ENTRIES ' PLOTTER
PRINTOUTS

DATA TERMINAL

Fig. 2. RDS-7,700 Block Diagram
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EHAE EIH

(14) 18%%E 1 : Model Rheo 430, 300W
1-2) Rheovibron DDV—[ —EA2] ##&

(1) MEHE  BRYEMER 10'~10"dyne/cm’. tand
0.002~9.99

(2) BIERES :3.5,11,35, 110HZ 4% EZK

(3) AEEERE —150°C~+250°C

(4) BARBAA S 70 7emXxvd lemXF7 0.
5cm

(5) BhroEer 1 35HZol8t £25%X 1074, 80X107¢, 250
X 10~‘cm. 110HZ+25X107%, 80X10~*cm

(6) By ENEEE . 168f~5, 000gf

(7) RIEE : 58 1,0208f

(8) ZHAM:0.5,1,2, 3(°C/min)

(9) BEDR  £4°C A 4+250°C, +2°Ce A —150°C

(10) BIEIAED : BE, tans, 4F/4L, L, E*, E'. E”

2) Rheometrics dynamic spectrometer2| [
B2 Y FEE

model RDS-7,7008] diagrame 39 &3 &
A% RAEAAEL JeEbic. BRIERN & %oﬂ
A REE sin BHE $E2EA ASH AT
Z23% 4 9= §5 torquert o] FHHA,

DC torque motor: E= o £ai4] A A s Sh-
ear straing o024 43 AFA o gHA =
A5 3 9 processor® =4 Al

A= Straind] FA}ee 457 AFdEd FAA
o A gt FATFYE LA BE AT 3
Adez A2do 41 dFARVDITIH &34
F2g AAAd AR obF R Mt 2e 4F
3 W% Agoz torquest AFAA P& FHLF
git}, Straingt AFYY AzE FHLF Uz FF
processore] @3 ¢ 32 test modes} A 5.9 geome-
trics-2 A9 3te] programe] A& A&t 2A rhe-
ological 438 #Asted A&, Computers
o5t 288 wotedA georzA REe Singd
A% 7] (Correlator) & WiZslz 9l¢] dynamic vis-
cosity, dynamic modulus$} Loss anglez A 45 o]
W3 go] Viscouss} elastic JFo =2 EAdct, A4
data £+ 24 datay} 5% x4 parameterZ A
S5 490 Agdeh

A2t datast X-Y plotterds) z2l= datad
AE g,

RDS-7,7009] FEMmE= =3 1% 2,

RDS-7,700¢) {R%tE 987 (TRANSDUCER) Y
Z%¥x T-10,000, TC-10,000, T-2,000, TC-2Z,000,

ru!m

102

T-100DS, T-10DS%o] slos A7Ad HAS =R
BH& Aol 63.5mm, ¥ 12,7mm, 57 3, 17mm,
1.52mm, 0,762mm#Eo] g1},

= o] REEY HARAe ohest 24,

STEADY SHEAR

o 7] 4 f2=rotational speed, rad/sec
f=cone angle, radian
R=radius of cone, cm
M =torque, gr-cm

T,,=shear stress, gr/cm?®
y=viscosity, poise
F;=normal force, gr

T,,—T,,=normal stress difference, dynes/cm?

DYNAMIC-SINUSOIDAL OSCILLATION

0

o= g X100

B,=V %0.14

¢'= 1;4 coss 35 X 980.7

0

_ 15 35
=aX 10" X 5 5 X980.7
r___ MO M 3ﬂ

G = 60 SlnaXWX980.7
_ w38
=bX 10* X 2505 X980.7

7%= JCTFCTT
(]

, GII
V=g
GI
I
K w

714 r,=maximum strain amplitude
f,=maximum angular oscillation
amplitude, radian
V =volt output from Rheophaser
M,=maximum torque amplitude, gr-cm
d=phase angle (Rheophaser), degree
G’ =storage modulus, dynes/cm?
G’'=loss modulus, dynes/cm?

a@="a” value from Rheophaser



HHEES BB

b=*“b” value from Rheophaser
o={requency, rad/sec

p¥=dynamic viscosity, poise.

Fig. 3. Dynamic-sinuseidal oscillation
DYNAMIC-SINUSOIDAL OSCILLATION

RA
To= ho X100
6,=Vx0.14
r_ M, 2k
G =g cosBXT_R‘ X 980.7
=ax10*X 3;;. X980.7
rr_ Mo . ok
G'= 7 sing X R X980.7
=bX10°X fz. X 980.7
7= T
)

tand=G""/G’
&}7]1 A r,=maximum strain amplitude,
f,=maximum angular oscillation
amplitude, radian
R=radius of the cone, cm
h=sample thickness, cm
¥V =volt output from Rheophaser

M,=maximum torque amplitude, gr-cm

G’ =storage modulus, dynes/cm?
G’ =1loss modulus, dynes/cm?
a="“a” value from Rhephaser
b=“b” value from Rhephaser
p*=dynamic viscosity, poise
w=frequency, rad/sec

§=phase angle, degree

}b

Fig. 4. Dynamic sinusoidal oscillation
DYNAMIC-FORCED TORSION OSCILLATION

ro=£1fi X100

6,=Vx0.14

M, .. 16LX980.7
7, O X W (16/35—3. 36T 7W)

16Lx980.7
WT*(16/3~—3.36T /W)

16L.X980.7
WT*(16/3—3.36T/W)

< 16LX980.7
WT?3(16/3—3.36T /W)

G*= /G¥G %
tané=G" /G’

o] 714 7,=maximum strain amplitude

G'=

=aX10*X

M

G=¢90

®-sind X

=bX10*

T =sample thickness, cm
L=sample length, cm
W =sample width, cm

f,=maximum angular oscillation

4-\4_!_:[)»
i 18]
I
\

I])j

e (k
%ﬂ"' A-A
Y .

h N\

— M _

Fig. 5. Dynamie-Foreed torsion osecillation
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amplitude, radian

V =volt output from Rheophaser

G’ =storage modulus, dynes/cm?
G’’=loss modulus, dynes/cm?
G*=complex modulus, dynes/cm?

a="a” value from Rheophaser

b=“b” value from Rheophaser

d=phase angle, degree

DYNAMIC-FORCED TENSILE OSCILLATION

ru=—AI%‘X100
_0.254
4=,

’ Fl L
B’ =5*-C08349. 48 =X 980.7

L
=aX10*X49. 48X~ X 980.7

Fz

. L
A sind49. 48 W X980.7

Er =

L
=bX10*X49. 48X—WX980.7

E¥= yEPLE"*
tang=E'"'/E’
<« 7] A 7,=maXimum strain amplitude,
4L=maximum tensile oscillation
amplitude, cm
L=sample length, cm
#,=maximum motor oscillation
amplitude, rad.
W =sample width, cm
T =sample thickness, cm

T

Fig. 6. Dynamic-Forced tensile oscillation

2104

L.

E’ =tensile storage modulus, dynes/cm?
d=phase angle, degree
a="*a” value from Rheophaser
b=*b" value from Rheophaser
Fz=maximum tensile oscillation force
amplitude, gr
BRI
(1) #E
G'=K-[Real M/6)=dynes/cm?
G"”=K-(lmag M/0)=dynes/cm?
G*= y(G")*+(G")” =dynes/cm?

n”
v’:GT =poise
ﬂ” =T= poise
—_—_ G* .
7*= v ')+ @) =— —~=poise
’r
tang =—g,—
Jo— S
R CRY
],' _ GII
(G 4(G"")?
(2) Fixture Geemetry Constants
A. Cone and plate

__38X980.7
(R/10)*x2n
g
r=—

8
B. parallel plate

K 2H/10x980.7

= (R/10)*

__6R

TTH

C. Torsion Rectangular(M] £34 FA1z9)
K— Lx980.7
(T/10)%0(1/73—0.21T /w)
_ 6T

L

D. Tension Compression
E’'=K.[Real Fz/6)=dynes/cm?
E"”=K.(Imag Fz/g)=dynes/cm?
E*= J/(Ey’+(E)* =dynes/cm®

e 4 6
L = 2.4737L
K= 2-4737X L X980.7
W/i0) x(T710)
E. Three point Bending
678

Emax= 3 1537 X (L)



%o BHES RBG®

K= (L/10)*X 24,737 X980.7

4(W/10) X (T/10)°
F. Couette
__(R2=(R1)*X1,000_
TT(RDTX (R2)*XLx4x
- (LLy
oore ]
«G. Coni-Cylinder
G'=Real M/px-A1XKZ
K= (B2 —(R1)"X1,000
(RIYX(R2)*X LX 4=
38X1, 000
272X (R
()
Imrx g
7159 39
K =Geometric, Scalingl and Gravitational
constant

¢ =Shearing Angle in radians
B=Cone Angle (radians)
R1=Radius of Beb in mm
R2=Radius of Cup in mm
R=Radius of platen (mm)
7=Strain
H=Height of Sample
w=Dynamic testing frequency in Rad/sec
L=Length of Sample in mm
W=Width of Sample in mm
T =Thickness of Sample in mm
M =Transducer Torque
e=Tensile strain
Fx=Force in grams
Fy=Force in grams
Real Fz=Strainz} 7}o]
4%
Imag Fz=Strains} o] 9p°
99 2%
Real M/§=Strains} 7to] W3 A9] Torque &
Imag M/8=Strainz} zto] 90° &2 49 Torque
A

33 A4AL

49 3334

4, MEIFO| FHHEE

mE 5o Ry E-& Hysteresis Bigeo] o & data
2 RY 42T & 9t

FERELAEMTE—2TME 97 A2 HE
—RREHRE 7Stz At HEY T BhEet F2

3% Wl A ot 29 3ol stF gl SEste

EXBe 220 o] BHRY WK W 53 —a9
FA 34 22 WA WE FF Y

1

2Fo

Fig. 8. MERBI BEEK

99 29 7.8 A HH == JT 9 Ao]% 243
= 77 AB =& BCdd e T3 Aol F+,
A G5 ol 2zq4s BRRES B,

BHazgAg S

|K*|=P,/x,=BC/AB

BM sing=(2/n) (AW /W)Y=H H/AB=]"]/BC

BBz EH K =(K|cosd

BRezEH K,=|K*{sins

BRBRE [=K,/K,=tand

71 A W JABC?) EgE=2x,P,

AW D RF—dE AN WY HA4UFAY
BEE)

ANl A nFE=Fe Damping A4E obed A&
Sz g = A%2ty AaE4e Fdsed 5
Al &4 & Loss tangent (tand), Elastic modulus
(E’), Loss or Viscous modulus(%’’), Complex mo-
dulus(E*) & A 2}of ok3te}, E*=E'+iE"’

A7 A iE 90° 4] YR ez wAsxz Complex
modulus E*: w4 F2 W¥4e) 4% Fol Ay &
< WA AR 22 449 29 9.10.118 9
= A4 Al @A & Vector Diagram o 2 epd 4
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B&gk

E+NE %_f

gt & o
tand=E’"/E'= e =8

Stress¢} Straing] Cycleg u+F Looprl Elg)d o]
o uAedde A9 oz vhehdeh,
n Af Ae sind
74 Af=m3 9 Cycles] 2%
Ae=w3 Cycled AZ

3. TOTAL
STRESS
2. VISCOUS

\ STRESS

1 ELASTIC
STRESS.

<~ STRESS —
e}

TIME (ANGULAR DISPLACEMENT)—

Fig. 9. Sinusoidal stress cycles, elastic (in-
phase), viscous (out-of-phase) and the
resultant total shiftedby the loss
angle §.

Fig. 10. Vector diagram, relating G*, G’, G",

and §.
J
. H
Af
F
G
] N S
17}
1)
w
E A Ae Ae
w
0 ]
STRAIN —>

Fig. 11. Hysteresis Loop in dynamic stress-
strain ‘eycles.
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2o AfS] $¥%h Aed] wHY AL 29 P
9 2% oA &doleh,

1) 152| Hysteresis It

2571 A Qo] FS 9l Hysteresisge-
A Gt ek, AAE 2FAA] EALE
gl FHDA(RES F7)), FéEAEL AEzFd
o filler} A48 25 98 RAolvh(F=y Hy-
steresis),

ES T #polst WS} Stress, Straino] Fhaizl
ol &g, AFEAA A e A &7
Hoz dduA gz AFRAERY Fu4foz
LAY AFG A FAH5] = Eolt,
2= } 294D WA AFAUAA Aol ze
e A5A44 44 SAEF ol 4
olF ¥ LEoA n¥st FHgA =

15 dAL EARY RrAEE FA%5
A7) W o),

ZFAY EAd 994 E3 ¢ modulusg} Dampi-
ng QA 23 1204k ol WahaThE Aol EHA

AL o t{]‘-.—uﬂ

RUBBERY GtAss

PLATEAU
LCG Frequency/

Tﬂmpera.urc% ,/

Log
tan §

TEMPERATURE—» Frequency—s w1t Log w

IIID REGION OF USE FOR ANTIVIBRATION _MO INTING
= REGION OF USE FOR STRUCTURAL DAMPING
TREATMENTS

2 logw

Fig. 12. lllustrating: (a) Effect of increasing
temperature on modulus G’ and tan §.
(b) Effet of increasing frequency on
modulus G’ and tan 8. Also illustrat-
ing regions normally used for antivi-
bration mountings(Region 3): for str-
uctural damping treatments(Region?).

At $4 ¢ modulus= ALAA F3 o] wet F
Feter] Afd) = AAS dejut A2 FEd.

Damping 9lAtE %o A glassz A JH = Fop
Foll e Adzhe] Aot

2 A 3FF oz Yol Azstd el
(1) zF:RA9q(glass A 4> FL modulus §

@ Fye

Aste 4599 @AY
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15

0 28.8% Vol HAF.

DOUBLE STRAIN

Fig. 13. Variation of shear modulus, G’, with
strain amplitude of oscillation. Butyl
rubber ecompound. The figures on the
curve refer to the volume concentrat-
ion of HAF carbon black.

3) AFAG (FZA D) ¢ & modulus F

q74 (3)8 99 wAxFF2 mounting FF
o #ASE AR de AFolsh, ()% #9 Dampi-
ngs} tandst oyt A9 o2 Dampingg o F3t=
u %r 9= AJoltt

(fillere} A A A Hysteresis)

Carben black®E 243 = %9 Hysteresis: oI
7t BaF A9 HysteresisA] vl o] 22 .2Carbon black
g BTz &4, ARG 4 AHulF AAdw,

2FZ] A (in phase) ¥ 2. elastic modulus G'= =
13, 14910 A5 Ze] we WFg olE ¥

AF5]4 £& modulusg dehiz He AEE

BUTYL
L 2
3 ) 28.8% Vol HAF
pn
[
(O]
S g15k
()]
o0
5 e
»D 1t
w7
a2 20.2
T X05
o
5 0l == =
O

0.001 001 0.1 1.0
DOUBLE STRAIN AMPLITUDE

Fig. 14. Variation of G’’, out-of-phase shear
modulus with dynamic strain amplit-
ude for some of the same compounds
used for Figure 5.

AE e modulusg Vb 49 g,

9} A (out-phase) &F.& Viscous modulus G'= Fx2
£ AL F 9= H32¢, F 2% Strain A2 4
Ho] =rdic,

dukg o2 FRIlEole B e
H3 FL& g viebde,

¥ 152 A% 3¢l G'e} G’9] %A graphol® G'sh
G Fol AE QA4S Az Jde AL BdF

=},

39 2ol A £ Aee J&4 gk AA
= 224} A" =59 Complex modulusel] A

=

Loss modulus?] o ¢& AFAdF g Fz9

= A 7z} sHEel

HYCAR 1072

: + 150 phr HAF

/ G‘ 10* OYNE CM?

Y ADIPRENE O
sty Nt V10phr HAF

~ 5 \ 10 1567
‘107 DYNE CM*?

\//(

.
G’ BUTYL
+ 170 phr HAF

o
I ?BE “orie DYNE Ch
i

Fig. 15. G’’ vs. G’ for for rubbers containing
HAF carbon black. These are typical
results for filled rubber. 1Intol 1500
is a styrene/butadiene rubber.

A7t 99, EA = Loss modulusy] HzAge =
oloju} WAz FF9 o4 Strainzt WX e GG
£ Z59 Damping gl w]# g}, Viscous modulus
G”-‘.z- elastic modulus G'7} F7A 3] #3 Straing

FEAA FH3 dslz b, zH A Viscous
modulus G2 g 2o £ o= wE s Strain
o] §4 dAA deob v F= HEols & A
o},

o

2) Hysteresisol] L3t 102 ZEle] 0

Ulmens} Chirocod] @& GF7t5e 7135 2%
7F Frob ] Pk Fohwe] dFE vlIctzm
Hgvh YA FA9 AT WYASA A AP o=
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= AHANZRA Hysteresis® 45 o183 9§99 545 Aotendy zhe FA%E

A
=, =% Hysteresiso] & slojasl a7% ¢ o]},
A9 e Vet dasy, Addad, $a4Tz2 of EFEY 2T 442 ¥ .29 2o,
ARFoE gF slolRugg 4% SBR &
Table 1. Carbon Black Properties
ISAF
Thermal Conven-
Carbon type black SRF-HS FF FF-H tional Im-proved
ASTM number N-900 N-765 N-440 N-351 N-220 EX-2
EM surface area, m?/g 11 34.4 72 71 117 119
N, surface area, m?/g 11 30 63 71 122 124
Tinting strength 23 56 104 107 122 125
DBP, cc/100g 36 112 70 118 110 113
I, Number, mg/g 8 34 58 67 121 118
Shape factor
Jo 1.3 3.9 2.9 4.0 3.6 3.5
f+-(60. phr) 1.3 3.8 2.8 3.5 3.1 3.2
Table 2. Absolute Contributions of Carbon base compound
Black Effects te Hysteresis® SBR 1712 137.5
Geomet- Viscoel- Meas-
}]rzlcutlir(l)?l" rical astic Network ured Z,0 4.0
effect® effect® effect® E’! at Stearic acid 2.0
¢ feEg" S S 10%° :
Gom L L Antioxidant (Thermoflex A) 1.5
stock 0 — - — 1.57
sulfur 1.75
N-990 0.0693 1.94  0.48 0 2.42 ) )
0.1122 2.17 0.78 0 2.95 N-t-butyl-benzothiazole Sulfenamide 1.0
0.1528  2.37  1.09 0 3.46 o . N
0.2348  2.97 1.67  0.80 544 g #ES FAd FYL Straine] 0.145% 45
0.3186 3.8 2.80 276 9.4 go| 1 0HZY WFFFAAGANA FHARG. X
N-440 0.0179 1.73 0.21 0 1.94 —Y plotter A9 ¢ 5 gk 5o Hyste-
0.0353  1.87  0.44 o 231  plotter 2] WA AL FF2A A& Hyste
0.0519 2,01  0.65 0 2.66 resis LoopZ A &3tdlod 74 E'9} E'7) A &H
0.0990 2.43 1.26 0.20 3.89 . . ) .
0.1799  3.61  2.92 3.32 9.85 Art. 49" Cylinder golz A7 (,7inch, Fo
N-351 0.0179 1.76 0.37 0 2.13 linche] <},
0.0353 1.93 0.74 0 2.67
0.0519 2.10 1.10 0 3.20 .
0.0990 2.67 1.91  0.27 4.8 2 107 STRARN N-220, EX-2
0.1799  4.29  4.63 5.38  14.30 25¢ f
N-765 0.0177 1.77  0.27 0 2.04 20
0.0348 1.96 0.55 0 2.5 i Ja
0.0511  2.15  0.80 0 2.95 T
0.0975  2.57 1.46 0.27 4.30 2 s- e
0.1770  4.10  3.02 2.66 9.78 < 7 no768
N-220 0.0179 L77  0.33 0 2.10 = [/ ® »
0.0353 1.96  0.69 0 2. 65 3 °r /,/’//«\~440 -
0.0519 2.15 Lol 0 3.16 g Y 7
0.0980 2.92 1.76 0.47 5.15 o 4k 2 eso .-
0.1799  4.57 5.18 8.04 17.79 2 /? 74 et
EX-2  0.0179 1.79  0.33 0 2.12 2 5//; 7T
0.0353 199  0.68 0 2,67 7 4& L
0.0519 2,18  1.02 0 3.20 -
0.0920 2.75 1.88 0.26 4.89 a L [ L
0.1799 4.90 5.53 7.17 17.60 0 o5 "0 15 20 25 30
VOLUME FRAZT.ON ¢
a: In megadynes/cm?
b; Black loadings of N-990 are 20, 35,50, 85, 130; Fig. 16. Viscous moduli ratio as a function of
others 5,10, 15, 30, 60 phr. volume fraction of various blacks.
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Fig, 17. Effect of volume fraction of N-220
on Ep'/Eg’ and Eg'/E¢ ratios.
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Fig. 18. Elastic modulus as a function of str-
ain amplitude and volume fraction of
N-220.
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Fig. 19. Viscous modulus as a function of
strain amplitude and volume fraction

of N-220.
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Fig. 20. Viscous modulus as a function of
strain amplitude and volume fraction
of N-220 and N-990.
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3) 15| Hysteresisoff cist HHefstnp i}
Egd moMAo HE

Medallas} =9 dF715E stolidude A3
IEA A Loss tangents sloteude] melgs 3
o] J2uE Ae ARGt olF tanie -
3—A | A o /) g 4 (Loading-interfacial-area) ¢¢9]
el 714 ¢ stotEndg o] HFEgo ¢i=
Al Aol et

G ¢=¢XsXp
474 s= uzdol e U T,
Ph=¢"XsXp

Loss tangents} slolE B = s}FAlolo] A= Hy-
steresise] g F23 Aulz o]},

of Agle] A4¢ Mt SA2ede ¥ 3,4,59
et

o7 ERT ERiEEe Model Be Banbury

mixer, Dynamic tester= Wallace-payne Hysteresi-
0.25HZ.,

smeter2 4] 10% Compressiono] A = E&

990. 1% 2 10% DSA(Double Strain Amplitute) ] {&i
Table 3. Analytical Data for Carbon Blacks
Process New Technology Process Conventional Process Treated

Carbon Black N351  N375  X-23 N650  N220 X-6 X-6-0x X-6-G
Symbol in Figures (e O [ Y + o v A
N,SA (BET), m*/g 72.2 9.0  130.0 35.1 1107  112.2  122.9 90.2
CTAB Area, m*/g 74.5 94.5 127.3 37.3 104.6  107.7  120.3 —
N,SA(N,, I-point), m?*/g 68.1 88.7  123.8 33.8 105.0  111.4  126.7 —
“ Area (N,;), m’/g 72.1 96.0 118.9 35.7 107.9  112.1  104.9 —
Iodine number 66.0 91 123.4 : 37 120.5 124 59 —
Tint (Cabot) 201 245 275 109 233 232 212 —
DBPA, c¢m®/100g 122.0 112 4.4 121 115.8 115 111 101.6
Dg: 126.6  88.0 710 | 263 9.8 952 @ — -
Quartile ratio 2.90  2.665 2.98 | 3.45  2.79 2.87  — -
D, 1552 109.3 8.0 . 317 97.2  95.4 — —
Dy/Dg: 1.226 1.242 1.155 1.21 1.071  1.002 — —
CSF 1.226  1.242  1.155 1.21 1.071 1.002 — -
‘Bound rubber in SBR, %° 29,4 34.4 41,7 19.9 35,2 34.7 45.4 12.4

Bound rubber per 100m? 0.407  0.358  0.321 0.567  0.318 0.309  0.369 0.137
Volatile, % 1.4 2.73 1.2 1.08 0.9 1.1 9.4 —
pH 6.8 6.3 6.7 9.2 6.8 7.5 1.7 -
Ash, % 0.25 0.39 0.45 0.31 0.48  0.43 0.39 —
Toluene discoloration 73 90 95.8 98.2 99 97 99.9 —

*Heated before measurement
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Table 4. Recipes of Stocks

Recipe designation NR B-1 B-2
NR (SMR5CV) 00 — -
IIR (Butyl 268) — 100 100
Carbon black Variable Variable 50
Zn0O 5.0 5.0 5.0
Stearic acid 3.0 1.0 1.0
Oil (Sunpar 2280) — 5.0 5.0
Antioxidant(Wingstay 100) 1.0 — —
‘0il(Circosol 4240) 10.0 - -
MBTS 0.60 — 1.0
MBT — 0.5 —
TMTDS — 1.0 —
TDEDC(Tellurac) — — 1.5
Sulfur 2.5 1.5 1.5
Volume fraction of carbon
black at indicated loadings®):

35 0.129 0.137 —
50 0.175 0.185 0.185
65 0.216 0.228 —

% Non-graphitized blacks.
Table 5. Compounding® and Curing of Stocks

NR IIR
0’—NR, stearic acid Regular:
1'—% black, ZnO, 0'—Butyl

Wingstay
23'—0il, % black 30”’—3 black, ZnO,

stearic acid
2'—0il, % black
3’—Clean ram

4" or 177°C—Dump.

4'—Clean ram
6’ or 149°C—Dump
Add MBTS & sulfur on
a warm mill
Heat treated: 115rpm
0’—Butyl, ZnO, stearic
acid
1’—Black

2’—Go to 155 rpm, bri-
ng to 163°C; hold for
5 min.

8’—Sunpar, clean ram

10’—Dump.

For both regular & heat
treated add accelerator
& sulfur on a warm

mill.
Cure; 145°C, 30’ slab, Cure: Varies with recipe
10’ pills. & black.
except 50°, 60’ See Table III.
for X-6-0x.

21180 cm® Banbury 155 rpm, cool water.

22 24845

NR m#E#9 ¢¢ FA £ =23 2241 4 graphited ca-
rbon blacke] & tandg veluln oxidized carbon
blacke & tans® hehdch,

LOS TANGENT (25T, 10%DSA) vs é¢
(NATURAL RUBBER)
025 T ~ —

020 /
A /“’
0.1571 < C N351

010y el Y N650 1

oc5/ v

00 . L s
0.0 2.4 48 772

Fig. 22. Loss tangent correlation with loading
interfacial-area parameter for NR vu-
lcanizates. Conditions: 25°C. 10% pre-
compresson. 10% DSA4-N220; ©X-6;
[1X-23; O N375; ¢ N351;Y N650; A
X-6-G ; V X-6-Ox ; C Gum. Regressi-
on: tans§=0.050340.0129¢¢ : s=0.0070.

IR 9 mEHY ¢ FAE 29 230]A4 oxidized
blacke] €A¥ AxE BT Y

LOSS TANGENT (25, 10%DSA) vs ¢¢ (IR
0.40 : T r T

0.0 28 56 8.4 11.2 140
¢ ¢ (' /cal)

Fig. 23. Loss tangent correlation with loading-
interfacial-area parameter for 1IR vu-
leanizates. Conditions: 25°C, 10% pre-
compression, 10% DSA. Symbols same
as Figure 1. Closed symbols represent
heat-treated batches. Regression equa-
tion: tans=0.0827-1-0.0181¢¢ ; s=0.014
0.
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blacke] o3} A4 AAE 2 Erth. AL ©HE M
FYAAE oldel 94 FZdd=z Y. NR %2 1R
mEGAA A & AL ez Qo

normal black®] x4 & A 4o 7}zch. graphi-

ted black?] x4 L& %z oxidized blacks] A& vt
o

NR 3 IR MEHE ¢"°, ¢"°9 A= 23 24,
25¢ et

LOSS TANGENT (25C, 10%DSA) vs ¢'*¢%% (NR)
0.25 . : . :

020+ G 4
0.15 ]
UJOT

0051
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00 0.2 04 0.6
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Fig. 24. Loss tangent correlation with modif-
ied loading-interfacial-area paramet-
er, for NR vulcanizates. Conditions:
25°C, 109 precompression, 10% DSA.
Symbols same as Figure 1. Regression
equation: tan§=0.00369-1-0. 06509 ; s=
0.0098.

LOSS TANGENT (25T, 10%DSA) VSe"%°* (IR
T T T T

0.40
A
032 g
< o]
/6
o 024 C N351 J
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g 7 x-23
" 016 Y NBEO
-+ N220
O X-6
8 + 4
0.0! / Closed Symbols : ¥ X-60x
Heat:Treated Batch™ X-8-G
00 ) R 2 GUM
~ 00 0.2 04 06 08

B% " (M-8 - 10%) (' ford)

Fig. 25. Loss tangent correlation with modifi-
ed loading-interfacial area parameter,
for TIR vulcanizates. Conditions: 25°
C, 10% precompression. 10% DSA.
Symbols same as Figure 2 Regression
equation: tand=0.05620.299¢"5¢%5; g
=0.0103.

= elastic modulus ko] FA2 A4 1% DSAS
10% DSA]A Loss moduluse] A& 23 26,274
B2AF3 9o, 7 A Ed 4E”<] plot: normal
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LOSS Modulus (25T, 1% DSA) vs AE (NR)
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Fig. 26. Loss modulus correlation with 4E’
for NR vulcanizates. Conditions: 25°C,.
10% precompression, 1% DSA. Symb-
ols same as Figure 1. Regression eq-
uation: tan§=0.07614-0.2984E’ ; 8=0.
131 (for 12 points designated-, O, 1
and Qenly).

LOSS MODULUS (25¢C, 10%DSA) vs A’ (IIRy
(LOG LOG PLOT)
T

T T T T
30} N
2010 ]
@
0.
£ C N351
3 O N375
w .
1.0 []x-23 <
Y N650
o7+ - o . + N220 U
Closed Symbois: < x-8
O05¢ Heat-Treated Batch ¥ X-6-0x
v ) A X-6-G
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E{%— E% —~ (MPa)

Linr

Fig. 27. Loss modulus correlation with 4E”
for IIR vulcanizates (logarithmic pl-
ot). Conditions: 25°C, 109 precompre-
ssion, 10% DSA. Symbols same as
Figure 2. Regression equation: logE
=—0.3094-0. 69611logAE’ ; s=0. 0239.
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BB ol o} Bk -5 Hysteresis kg
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