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Antioxidants for Chloroprene Rubber

Toshio Sakomura
Hiroshi Imoto
Tadamichi Suwenaga

Yutaka Nakamoto

It is well known that chloroprene rubber (CR) has excellent properties against oxygen, heat, light, ozone
and oil, etc. And it is also well known that CR can be compounded with one or more antioxidants in its
process, [or example, as shown in ASTM standard formula for CR.

Recently rubber products for industrial mechanical goods have had the tendency to be used under the
severer circumstances. Consequently, the severer specifications for these goods are imposed.

This encourages us to find a superior effect with an excellent antioxidant.

There are a large number of antioxidants, far more than 120, traded in and outside the country. In
addition, newly developed ones are appearing every year.

As a matter of fact, however, it would indeed be impossible to test and compare the majority of them at
the same time.

So the same kinds of test have been repeated independently by different persons in different sections under
different circumstances.

There are the data here on the antioxidants for CR tested independently by three diffenrent individuals
(labelled as A, B and C) under three different circumstances, i. e, A : 20, B : 19, and C : 11 antioxidants,
but totaled 32 because some of them were overlapped each other. It would be impossible to compare one
with the other that were tested under different conditions because of their different criteria.

So it is necessary to compensate the differences of test conditions by use of these overlapping data in
order to understand their effects as antioxidants on the same criterion on the same base. Then, it would
be possible to tabulate the effects of the whole antioxidants if they are tested dy means of the same
technique.

Here is the first step for the attempt.

Conclusions ;
(1) There is no antioxidant which plays two or more excellent roles by itself, for example, superior resist-

ances against polymer deteriorations hoth by heat and ozone, or an excellent antiozonant without any

contamination.
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(2) Antioxidants in the black compounded CR products have little effect against ultra-violet light deterior-

ation. It also can not be said that they have some resistance for tear growth by repeated loaded fatigue,

like Demattia flexing test.

(3) Phenyl-B-naphthylamine is the best one for heat aging among the whole antioxidants tested here when

contamination is not important.

(4) N, N’-Diphenyl-p-phenylenediamine is one of the best antiozonants, but it considerably blooms out with

2PHR for CR products, while N-Isopropyl-N’-phenyl-p-phenylenediamine, also one of the best, does not

bloom with 2PHR.

(5) Polymerized trimethyl dihydroquinoline, one of the predominant antiozonants, that does not have diamine

structure, has no possibility to bloom out. It may be compounded in rubber products comparatively large

quantities.

(6) 2, 2’-Methylene-bis-(4-methyl-6-tert-butylphenol, 4, 4 -butylidene bis-(6-tert-butyl-m-cresol and some phenol

derivatives have good resistance for heat aging without contaminations, which recently become more and

more important for construction materials and automotive window seals, etc.

(7) Therefore, it is necessary to combine an excellent antioxidant together with a predominant antiozonant

in a CR product which needs superior resistances both for heat and ozone.

1. &L ®I(

san7Lyd s (LUFCR L) iiEEL, T
B, WA/ v, Wi, e EEE T2 L3 X <M
bR Tuwb, LinL ASTM EH#EADRT X5 CR
b AR A (LT &85 EREFR) REMT 5.

B, T2RTARRAEUD E LTI AR
WEMTOFERAIRAEMCH ., Tt U TG
W LEBL L L bERED D, TORDT hie
ZER AL, EMLREY DT Lo LT BN
bbb X5l -7,

Eic ko R AR TR, WL, B,
WA v, BHEEHL, WEBEE GRE, Toft), It
BAWC X - TSR v BE LT %,

EORACHR S T 2 EOBREIEE S <,
#1200 IEA L, XDREAPICIESPRFESI LT
Who Ui LEEIE iR 5581% L Ofilix
EL5bDTH S,

SAREED LB O B BT e\ IR G i T
LEGVBREL, porhyBERFERTLE VST
NTOEBHCONCRAET A ML, ZOF»bANYE
BETHLAERLEARTRETH D, LDOIDFRICT A
NRREBYT D e v, WEE, &¥ET, Ththii
BEMNC L o THERE LT - TWh WS Ralins &
NI 5,

D ¥y S RED DI KRR TGS EA
B DELHXIGHAL LS, %7 20 K& ©ou

<, #Eln, WAV v, SN —1, WEd, B
BFAR Lice ChEHIC “A” 70y 7 ORABRET
5. X BIFETIII R A RA L T Cl9fEED ER
SWTTF RN LT —403b 5B, Chk “B” 7uy 7
DFALELLD. A, BHECERLA S EOEM
BB BN, CHhMBEMEDOE X ZIGHT 5 DEEL .
ThbbA, BIGEOEPCL Y, A, BOKHEND
%5 BENG Lo EBE R R, RA—&#&o BT
A, BRILFUHTORBKELHETED XK
%, XHiT, PR S &G TIEREOEN R Y
FA LI F— a0 b b, chwfc “C” 7y 70
FANET D, “A” :20fE, “B” 198, “C”

1146, S50/ Th HAMIEREENAH 1D, FEHN
S EE O SRy A CHETES X ST L
- Table5 #fFR Lize 20 ISFEEIIMAEICEE LT
Wh, OO TEHERER A wonwTEELTEND. L

Mo T “B”, “C” OFEFREZMESATS I\,
272 LERED T A ML “C” TORITIE-> T HDT
TR L,

¥ “A”, “B”, “C” HELBL TTHEROD
5 0I0fECSWTERAL, chEfEL, A
H—BIDEICOWT AR AL D HHE, ThiBRl
TR LT,

2. £ B

(1) ERlyvaoSllbrdh
TOYO SODA SKYPRENE B—30

(16 )




17

zuwn /Ly dhextT 5 EBIEFR OB R

surjournb

2 IE=e0)
_ ad a4 an o ﬁ Y w OIPAUIp 1AUISUILI} PIZLISUIATO,
_ PAYIP [AUISWII D3z 1od
) 2] ) ) _aéo.éu.muo (13pmog) surwrelAyrydeu-p-1opIy
1
_ " "prd-d-[Auayd- N-
% g€ ,:_uzu.”.u_”.w:zozzo (1A1usd-[Ayqauwt-g-14319-1) N
“ (130poad urewy UE;.”ENM.T
zZv Vv O.no.m.o auajAuayd-d-[A1eIp PaIapuUIE]
"HO
SuTwERIp
00T—LM 001—1LM dl aus[Auayd-d-[A1etp JO SIMIXIN
(yomiednep) sutureAusydip- R
o ’ . . Q
i XOUBIY Ot O (opturej£uoyns-14[o ] -d)-d surEn(]
;H auturerpaus[Ausyd-d
J¢ 28 J2€ DE VY NOTS .“w|ﬂo.muo -1Auayd- N-1Adoxdos]~ N
aururerpsus|Auayd
d d d d UM Oo.n.o.u.oo -d-1&qaydeu-g-10-N ‘N
auruIRIp
4d d dd H dd il susjAuayd-d-jAuaydiq- N ‘N
a a a a a QL0 surwz] Ay dec-g-1Auayg
! SaALIRALIA(]
auTury
vVd Vd Vd AUMN_O aurwe[Ayjydes-p-{Ausyd
swreN o | _ ~._uoreayIsse|D)
apeI], 2Al} ﬁuﬂ%@.ﬁmmom owowng | ryonSesmeyy ox13g Ry B[NUWLIO ] uo1}1s0dod [eoIWaYys) /
-ejuasazdayy : | | | surepny

SUIRN] 9pBI], PUB ‘S2INIONING [BIIWAY)) 118y} ‘3IUBpIXOnjuy

| elqel

C17)




HEWRPIRME H1sk #15 (197D

18

] fHD
ds S ds SM ds HOL@ ousyd pateusifis
H
H ul
Hng=14m ¢
Hgd HTd vadIv L—SN _5_;@ ouownboIpAY[AING-1133-1(T-S “Z | sonrjearraqy
= [oustd
TA—XM ﬂm& ([ousyd]Atraur-
L XM 0¥ | d—sdd ] O .H.wu;m@ o eh) §-1A1Nq-1193-0)-SIGOIY T ~F ‘P
WO 'HD (Jouayd-[AIng-1193-g-
9—SN dAN 00v—M ddW 9—SN — @x m_mwu.;g SO p)-SIG-2UB AN 2 7
HO
LHd LHd LHd LHd 002 .ﬁ:uuu@u{:s [0s910-d-]AING-3193-10-9 G
H
” ) ) oEEm:.ummw_wcwja-a-?cna% pue
dH dH z‘1—d d d dH dd %ee+d %L9 ouyase Aisopdea-g-[uoyd 3O P | (o
) . suturerpauajAuayd-d-[Auaydip pue GRS
00s od 00§ da %se+vd %99 sutwre[Ayiydeu-v-1Ausyd Jo pudfg
|
[1anpaad nwvmy
dN dIN QO "prd-d-]£"eIp JO SIMIXIUI [EDIIYD
Ha "HO *
(s{onyeSneN) SUS[A3NQOSIIp PUE sutwrejAuaydip
SUIWEIO utue 0 3jonpoid uoI}OEd
SUIUIEIDO) jo 3omp noeay |
suojeoe pue surwelAyrydeu ourure jo 4
va vda -g-1Auayd o 1onpoId UOIIOEIY s1npold .
_ uotjoesy
5U0}20® pue
d 714 vd q sururejAusydip jo 1onpoid
uorjoear arnjeraduwsy Yty
) tH i surjournboIpAyIp-g ‘1
adw 3{ gf g&x “._..__Wv,y. A%ﬂuwgfunﬂ aN anmvnOQuml@
We N UOTIBOYISSE[)
opei] aAn muo:%% Homo _ owoywng | 1yINIeMesy o138 pend B[NUIOJ uorjrsoduwiod [earuay)) / !
-ejuasaIday] e | ; sweN

(18)




9

1

X3 % ZALBh i HI OB

-
.

A=V AYVS=UN:

SpY[nsIp [Azeliozuaqrp pue
91BUIBGIEDOIYIP SUS[AYISIP-AX0-N

ne ne
-wniurjoydiou jo yonpoid uor1oesy
PR ) ajrydsoyd
dNL dN.L dN.L dN.L d //O.I.@.H:”o (Jdusyd parejduou) 11y
i Seliplg)
adv n%wmmw oo S SATIBALIGP UBINJOZUSE
s
OdN 24N JdN O0dN IN Il "D 3YBUEGTEOOIMP[AINGIP [IN
_ w |O |Z A mmvo
aN I am anN w1 a[ozepruizusqo1desIaN-Z a[ozepru]
0w (e | BRIDOTYIOUTIOYdIOUT
anod anod A .=3a|..G-.=u-.=u|“wuo_o=+ozum=zw3__u7 Ha JZA.\Q.D@L.HU,H\-Z
S
ITI—S N IT—SN 1 SAIIBALISD BAINOIY T eaInoy 7y,
dHN O HNHY
S
N—0T—S N N—0I—S N - It N SATIBALISP ERINOIY T
0
ooy D ot(HO) ([0saro-w-[A3ng-113)-9)
00e—M 00€—M :?Nw.:jaﬁw o -SIQaUBpLAIng - F F
00c—Mm 002—M SIAIIBALISP [OURY]
SureN] UOT}RIIJISSE
speil aan | SPTEOAd owolwng | 1yonJemesy oy1ag wyongQy B[OIULIO,] uo13Isodwod [es1uay) IO
SureN

-B1ussa1day]

ud1210,y

(195




20 HIE Wi #15% 15 (971

[2) Z{tBhHIOREEE

LB OFE, 4% Tablel wiR Lice AFRIC2WT
AR ERT 2 OBERBR R T % 2MERER T
WD TRY 2 7 —fefimi 5w BT 5 2 LKL,
PRI EMNE T LA - — i@ LT 5 & FidT
hEHAL, BhsLSMEAIh TV 5 E TR
BRI HLD A—-H—TERAIATH5L0% (A
L, #A—H—EBOBORITHALEMELL TN 5D
FEEETHIL L, 20F A~ — &b ATFCERS X
5B U, ABRICHE L 7o BBHIE A — 1 — W ERD
BN ERERDS X FZA—N—DLDXEERHEAL
2o

(3] B )
ASTM E#E
CR (B—30) 100 R
MgO 4
By (%88 2
ATT VA 1
SRF h—=Rv7Zs7 29
ZnO 5
(R EF22 0.5
(4B YV &

1) Neny—
7 b= 1.79
[ #5 % 78r.p.m/88r.p.m
SEp R 50~70°C
@ 7 — L
=® & 8 " x 20"
[ & 3% 13r.p.m/15r.p.m
HolRE 50+10°C
(B HYIERF
1) SynsY —
CR
MgO
ATT VU
SRF H—=RVT7TTs7
ZnO
2) ma—)b
© b
@ {edEH
® V=TT
(5] b—=—¥ERIVL—=—RO—F
JIS K6300
{6 /m kB[
Rl Wb b (R D G ChnGR L Tco

®

CECRONS)

150°C, 10, 20, 30, 40 (4>
(7] 53k & B&
JIS K6301 (3F/RX~I)
(87 B 7 &
U 234£1°C, R 5045 %
OB, B Cl6~32MRHIRAERE L, R
HALATERD 5 [ RABL TR 5 10,
(9) LA
JIS K630l FRXEFa—T=R
120° C x 72
(10} AV 7R b
1) REofEH : #1
2) F EE : 504+10pphm
3) BE :40£5°C
4) A HRE : 50%
5) bomresfE 305
(1) i % 4
1) #fE : Standard Weather Meter Madel 2
2) R :30~40°C (BE(LEZTR L 57 H
BRI R - 72)
3) WE5E : 34 /1804
4) MBEEER] - 200 hr
(12) 7~ v F v FEEhEER
JIS K6301—1969
TS« =R
AR narief : 204
(13) EBHDHRE
2mmEOHREBAMGEY — ~ kb 1onx 4 cndd FZHER
RE&2ITHE, ABRA Vb (T2 Y9 7RV 4 M) &
B Lo G i %35 X4, Standard Weather Meter ¢
TSR (70°C, 185/120 D LEF~A 1
DHGRI A HEHE L1,
(14) 7L — L8
AR &RiES (8) OEE, WESMT CmE3 B,
B LU0l 7 ARORE 2 REHE Lic,

3. MR ELEEE

(1) ZBHORA—F 94 L, MEEENDEE
FEEN OMEERE~DFEXEL{BELT, 3L
BUMMAEEDOZIRAIE L S BRCE S0 FEBMEE
LT, EninmEEC ey 52 Xz o o & AfknN
A LOFRIGE L 78 A 5o E BICIBRA ESEC T
i B3 E B OMBRE DO FENEHCERL D
Lo T B,

i, EoAEMPRIPRE L UERTSE & 2 0 —

(20)




|,

WALV NS i WX 19 %8| (AT L 21

Table 2 The Influences of Antioxidants on Scorch Time and Vulcanizate Propertles of CR (B-30)

Antioxidants ts RU [EE
| Gmin) | (min) | (min)
NS—11 4. 5.5 7.5
NS —10—N 4.8 5.5 7.7
RD 6.2 7.3 9.8 |
3C 7.0 7.8 11.8
Aranox 7.1 8.2 12.2
300 7.3 8.6 12.3
DBH 7.3 8.7 11.5
C 7.5 8.8 12.1
DP 7.6 9.2 12.3
B 7.8 9.3 12.5
SP 8.0 9.4 12.2
500 8.0 9.3 12.5
F 8.0 9.5 12.7
W—300 8.3 9.7 12.8
NS—6 8.3 10.0 13.0
D 8.4 10.0 13.0
PA 8.5 10.0 13.5
HP 8.5 10.2 13.6
NBC 8.9 10.4 13.8
W-—200 8.9 10.8 14.6
BHT 9.7 11.2 14.8
MB 9.8 11.4 14.5
AW 9.9 11.3 14.1
TNP 10.5 12.2 15.6
WT—100 10.9 12.2 15.6

FEALE LTI W 1 HEEDEN,

*Vm means Mooney Viscosity Minimum at 125°C

“bincure”,
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CHEETHXEND B,

Table 2 W RFEEEFD ts, tio, tas 7r &% ts DOFEH

WHDRLRECE DR NTTFET, 747 LT RO%E
BINS—10—N, NS—1L2#{EERREO/EEN S 5,
X, TNP, AW, T EVC I INGR A B X T HA D

6“6@’6%% LfClJ‘o

(2) ZBOmb it~ 0 g &
(1) BE& H;

Table2 OEBF 268 L 154, INFRIERIL0,20,
30, 405 DI X 2362+ 2 AR Ui, o2 fIAMT
MB & NS —10N, MBizo\ T F#E71¢ 9
WAV MEWEIARL, FHNS—10—NizEs
68CMEEEF X DI 6 BA o FEu,

() BERME Ta (kg/cm2)
Table 2 1R 3K REER & b BRI 3 5 F

(21)

Hardness ’ Tg?rselll]e th | Flongatlon 3(1)\9[o/dulus
e (kg/mﬂ‘> L@ | Ggfem?)
[ i |
68 | 199 330 ‘ 176
61 | 226 | 460 | 143
59 223 | 570 103
|
|
60 232 | 520 106
61 218 540 105
60 219 470 102
60 225 580 102
59 222 570 100
59 219 530 103
60 228 510 108
61 209 530 102
62 219 530 105
60 231 490 109
60 232 540 106
61 223 570 97
60 238 550 102
59 235 540 92
61 219 520 107
58 221 540 109
71 214 660 106

BED 220+ 15kg/cm? 1T A oty Fo72 NS —10
—N B oELXADLTFE S %,
() M0 Es (%)

Table2 o FMEEF Iz X% Q13FH 550450 %
MA 5 7zo MBILSEHHO660% CREMELRL,
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) 300% ELa25X M0 (kg/em?2)
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N &b Maoo (38 < IR 2R fRE LT 5
ZE'IRT,
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Table 3 Criteria for Evaluation of Antioxidants and Antiozonants

Heat Aging O?.oneEs:—_‘

Chinging of | Roting | Rrele STOEN ] Raing | ongetion | Raving | T i, 5K [ Raing
2~3 5 97~100 5 - 88~91 5 - > 100 | 5
4~5 4 94~-96 4 o 84~87 o 4 100~50 4
6~7 - _3— ) ] 90&-93___- o 3- B 8-1-83 3 50~40 ] 3
8~9 T | s~se | 2 7780 0 0~30 | 2
10~11 1 ) 83~86 _-1 R 73~76_ e _1 T 30 > _ 1
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Table 4 The Test Results of Heat Aging and Weather Sunshine for Various
Antioxidants and Antiozonants
T Item Heat Aging (120°Cx 72 Hr) Weather Sunshine (200 Hr) f
A“li“. \.-“ C]\a-ngilxg of | Tengltl;;ngth E](;gglaatiiz?ir:ig . Rating Changirg Of‘ Tengitlreergth I Ek‘gegtaalilr?i?'lg i
uxldnﬁta} _Hdrdniss___[g?_t_"li_“iﬂg %) %)l _ Hardnress | !Rfft?iﬂi{]gf(%) (%)‘
NS—11 !‘ [ | : { |
NS—10--N 5 i 83 73 !
RD 7 87 84 I 12 100 92
3C 9 88 74| 9 9% | 95
Aranox | | r |
| 300 7 i 95 81 3 5 99 r 94
i DBH 7 | 90 80 3 10 92 89
f C 8 | 92 89 3 10 95 ‘ 94
|l bDP 8 | 04 | 82 3 11 95 91
| B 6 ! 97 89 4 9 9 89
: SP 8 | 90 | 80 2 12 101 ] 91
500 5 | 104 | 87 4 10 o4 | 90
F 6 97 83 4 12 90 91
W—300 4 96 86 4 7 93 89
NS—6 ! 6 | 96 84 4 102 99
D | 4 97 91 ‘ 5 101 89
PA | 4 99 89 | 5 92 93 :
HP | 5 | 0 | 87 | 410 99 9
NBC | 4 i 93 | 80 | 3 ‘ 11 99 94 |
W—200 | 5 a 97 85 | 4 8 100 % |
BHT | 1 89 7 2 | 11 96 94
MB | 2 o7 | 7% 4| 5 94 89 i
Aw | | | | |
NP | | | |

i WT —100 |

e, EUHPIRECEE L, FoMEN AN E
BEDEL LTHbLR T 570 Ch b, SicishyLi
L5 RDIMBEZIELE L T b C b AbA (8 LT s
STy, Ex 2MEV, £ 07 BEBEILIE D L
LORICR G FMBRABMFEHES RS 2R L
REDET Ty F+ DRARE DL REREA Y Ldt,

(71)5% & #

TORMET X F DfERAY Tables i,

CORBTRIT IVRE L E 2 5h 5 Octamine,
7‘&BU‘KWT—MOW:%%%&%&!‘ohtmbxo7‘:0 Lo L,
ISR T 5 )~V REB ORI, “tace” 5o
VLT, DT IVRT “strong” ThB T i b
%Tﬂi?éﬁﬁ%%&ﬁ&f%ém%ﬂhkmo

(8] EBFOT NL—1i

BRIC X o TEEBD 7 )L —~ 13 % 0 B i % L2

( 23

The TANDEER, 7V—ANKEL, FOESDA
EVWLDODIFICH TS L

1) DP

2) DBH

3) W—-300

4) F

5) HP

6) 300
T7 =/ —IVR3IME, DT IVRIFEDT I — ADHRE
NBo TN — BT LR B HEE Lic < U,

4. BET—4

(1) i 1
FREBETHB L X 51 in 5 B Lo
TRMNALER TE 5 X 5 T 510 BEMEHE &
HiE I ZDX5 - UTER LI DA Tables ©
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HHH, FORCABRB, CORBRGEM:, LOfbhi
VCEB;ZELT}G < o

(2)& & B
N
ASTM #z#e (T LEE)D

CR (B—30) 100 %
MgO 4
£y () 2
ATT VR 0.5
Zn0O 5
{RAEFI22 0.35

(2) Z{cRB J 1S K630
TANF 2—T7R 120°C x 72k
3 #F#JrTREb
1) ¥ ; 50pphm
2) Ak -k 5 50%
3) BE ;40°C

(3)&* & C
m ' =
30
251
20}
E
E
=
£ 15+
2.
o
3
=
101
s}
0 | ! : 1
0 10° 6X10° 1110 16X10°
Flexing Time

Fig. 1 Effect of Antioxidants for the Tear
Growth Resistance by Demattia Fle-
xing Test.

Antioxidant : RD, C, PA, D, B with
2PHR.

CR (MC—30) 100 38
MgO 4
By () 2
ATT VU 1
SRF H—=Rv7o97 50
FI7TURTRAFA N 10
REF22 0.5
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Fig. 2 Effect of Antioxidants for the Tear Gro-
wth Resistance by Demattia Flexing Test.
Antioxidant: DP, 3C, 500, HP, F with
2PHR.
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Fig. 3 Effect of Antioxidants for the Tear Gro-
wth Resistance by Demattia Flexing Test.
Antioxidant : DBH, SP, BHT, 300 with
2PHR.
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Fig. 4 Effect of Antioxidants for the Tear Gro-
wth Resistance by Demattia Flexing Test.
Antioxidant : MB, NBC, W-300, NS-6,
W-200 with 2PHR.
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Table 5 Summary of Antioxidant Rating on Scorch Time/or Cure Rate, Heat
Aging, Ozone Cracking, Staining and Blooming for CR (B-30)
. Ttem M’?‘i?-:::y(s;:??;?l Heat Aging Ozone Test IiSlaining Blooming!
Classification B ———— | —————y |
Neme ~ | A | B|c|a|B|cla|B|cl|c A
Amine PA 8.5 | 18.0 5 5 3 4 none
Derivatives D 8.4 5 3 none
DP 7.6 |12.2 3 3 5 5 strong
F 8.0 4 3 strong
Diamine 3C 7.0112.0 2 2 5 5 none
Derivatives Aaranox 7.1
WT—100 | (7.6)] 12.3 (3) 4 (5) trace
AZ (7.6)| 12.3 (2) 2 (5) 5
35 (8.5) 10.3 | (3) 2 (5) 5 strong
C 7.5 3 4 3 4 none
RD 6.2 120 76| 3 4 2 5 5 5 |medium| none
Reaction products AW 9.9 | 14.2 (2)| 2 (3)] 3
of amine B 7.8 4 3 hone
Octamine | (8.5) 10.7 | (4) 3 (3) trace
MP (6.3) 7.8(2) 2 (4) 4 | strong
Blending products 500 8.0 12.3 4 5 4 5 none
HP 8.5 4 3 medium
BHT 9.7 119.0 | 10.5 2 3 2 2 2 trace none
NS—6 8.3 18.8 4 3 3 3 3 trace none
Phenol 300 7.3 112.5 3 3 3 3 3 trace |medium
Berivatives DBH 7.3 3 3 2 3 trace | strong
SP 8.0 | 15.0 | 10.8 2 2 2 2 1 2 trace none
W-—200 8.9 4 3 none
W—300 8.3 4 3 strong
NS —10—N| 4.8|10.0| 7.8| 2 3 2 3 | strong
Thiourea NS—11 4.8 111.3| 4.2 (3) 2 3 (2) 2 2 strong
BOUR | (7.5)] 12.5 (2)| 2 ()| 2
Imidazole MB 9.8 4 3 none
NBC 8.9 13.0 3 4 3 3 none
Others AFD (8.0)] 13.0 (3) 4 1
TNP |10.5 1.5 | (3) 2 | (2) 2
iM (9.0)] 16.2 (1) 1 (1) 1 none

T L L9\, DP (diphenylp-phenylenediamine)
B LR EGA, IRV — LB WL
Motre #0483 C  (phenyliso-propyl-p-phenylenedia-
mine) {37 )V — AiARED bR otce LnLET S
TIVRTEDDNDT I VOREY b Ioia - HE—Df
HEVSTIVWRDIBEARYTH DD, MAREES
LTy 7 — AL FE2SH 25 NG EEE DD

THEOWA L EZTT S, LrL, WThielLTthy 7

IVRTHBEDTH Y TH D Z L3R HEIR, HE

Ht-c SRt/ VENLE REB ATV I,
(4] FEFHLMUmEE(LBA LR

By, ABEBN, ToMIEEREEHOBERLD

I, FEEGMEE W LAY T = / — NV REBICIR

HRTkH, NS—6, W—200, W——300 MifFmiEs
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