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(1) Apparatus:A Toyo HC-20 Gas Chromato-graphy
T A4 -

(2) Thin layer plate: Waks jit.2} silica gel(Wakogel
B-5)% 20x20cm 9] fr2l it Lol 0.25mm Tz e}
115°C ol Al 2 i 5ok EfRA 2l

X B TEWIER =¥ HEE
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(3) Developing solvent:

1st direction=chloroform: beryene(10 : 9)

2nd "
(4) s -

formalin: H,S0, (1:4)¢] E4&Y
(5) Isatin reagent:

Isatin 2 0.019% ferric sulfate 7} &= o 3+ 92..
5% %ol el
(6) Sodium nitroprusside reagent:

o] A% 1%2 "t AT
(N ?‘fﬁ L& B :

s ba¥Y-e Gutonw chemical jite] Rol= o] 2
< chloroform beryene: methanol(2:1: 1)=& &
et YEHE o2 solvente] 1%RE Helvh
(8) Hpm# =59 B :

Table o] Yteld 8714
& 195 A g,

(9) " =%

K29 SBR E Table [of vhebdl AR

s RS

Table |

=-ethyl alcohol.

3. 5& chloroform of -

Raw Rubber Abbreviatiow
Natural rubber NR
Isobutylene isoprene rubber IIR
Styrene butadiene rubber SBR
Nitrile butadien erubber NBR
Hypalon HP
Acrylo butadiene rubber ABR
Polyurethane UR
Ethylene propylene butadiene (sic) EPT

terpolymer

Table [
Recipe of samples
NR (SBRblend) SBR
PMH= PMH
SR EI



"MBTS PIPD®

DPG MBTS
Stedric acid TMTM
Polyethylene Polyethylene
Sulfur Sulfur

Zinc oxide Zinc oxide

Carbon black
a; Identified in Table I
T.L.C. ol glol BHgEme #A%

23l5] BB Solvent & chamber o] w3 o] <rofth
thin layer plate & 3 HBI A 3= L4HS 10
wl 2% spot L H Lo chloroform: benzene
EAWK BEAZ] 2 thgo& ethanol 2 EBAZ T}

a2y 29A] BEA BN ethanol solvent & {Hfisl:

Carbon black

AL —ZEM(chloroform: benzene)d) A} BEISA &
= #HBEI A% FRs BHE plate & formaline
sulfuric acid &) BE4% HaudEoz FHEH o
W —#oe BB Blo] vehed o RS
“Colar 17¢f viehdr et 7o

S #BfEe 2 120°C o A ST ERst b
% WE HAET A vdehde] 4 ded oA
“Color 1”9} #o] vheprdet,

Table [[- one dimensional TLC ] EHEHERESE vt
B Qi Table ¥ two dimensional TLC o ¥t
RE o kel (LA —Kk BER A9t 1§
BEFAA T o) Fol A HHZINAE AL 2KRHER
SRR, sl

Table I
Ry value and coloiration of organic rubber chemicals(on one dimensional chromatograms)
Ry value

Chemical chloroform/benzne Color 1¢ Color 2¢
Diphenylguanidine (DPG) 0.00 — Golden honey
Di-o-tolyl guanidine (DOTG) ” — Sepia
o-Tolyl biguanidine (OTBG) " — Brown olive
.2-Mercaptobenzothiazole (MBT) 0.33+0.03 — Citronelle
N-Cyclohexyl-2-benzothiazole sulfenamide (CBS) 0.28-+0.03 Lemon yellow White
Dibenzothiazyl disulfide (MBTS) 0.62+0.02 — Citrus green
N-Oxydiethylene-2-benzothiazole-sulfenamide (OBS) {0. 06+0.02) Citron yellow Citron yellow

0.23+0.03 Yellowish white Yellowish white

Zinc salt of 2-mercaptobenzothiazole (ZMBT) 0.1340.01 — "
.2-Mercapto imidazoline (MI) 0.00 — Pale yellowish white
Sodium dimethyl dithiocarbamate (SDMDC) 0.50%+0.01 — Pale grayish white
Sodium dibuty! dithiocarbamate (SDBDC) 0.59+0.01 — Silver white
Zinc dimethyl dithiocarbamate (ZDMDC) 0.59+0.01 — White
Zinc diethyl dithiocarbamate (ZDEDC) 0.78+0.03 Citron yellow "
Zinc di-a-butyl dithiocarbamate ( ZDBDC) 0.92+0.02 — "
Zinc ethyl-phenyl dithiocarbamate (ZEPDC) 0.69+0.02 Chrome yellow "
Copper dimethyl dithiocarbamate (CDMDC) 0.74710.01 Citronell Citron yellow
Selenium diethyl dithiocarbamate (SDEDC) 0.77-+0.02 Pale cinnamon pink Salmon pink
Tellurium diethyl dithiocarbamate (TDEDC) 0.18+0.02 Lemon yellow White
Piperidine penta-methylene dithiocarbamate(PPMDC) 0. 00 — ”

Tetramethylthiuram disulfide (TMTD)
Tetraethylthiuram disulfide (TETD)
Tetrabutylthiuram disulfide (TBTD)
Tetramethylthiuram monosulfide (TMTM)
Hexamethylenetetramine (HMT)
1, 1’-bis (4-hydroxyphenyl) cyclohexane (DHPH)
4, 4’ Thiobis-(6-tert-butyl-3-methylphenol)
(TBBMP)

Bk F1M

0.21+0.02 — Yellowish white
0.560.02 — White

0.94+0.01 Spring green Light cinnamon
0.3240.04 — White

0. 00 — Citron yellow

” — Pale reddish brown
[0. 741+0.02 — Yellow beige
0.48+0.02 Citron yellow Dark brown
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0.91+0.01 — Dark brown
0.61+0.01 — Brown
0.28+0.01 — Grayish brown
N-phenyl-a-naphthylamine (PANA) 0.86+0.03 Greenish whith Olive drab
N-phenyl-g-naphthylamine (PBNA) 0.84—0.03 Pale cinnamon pink Sepia
N, N’-Di-3-naphtyl-p-phenylenediamine (DNOP) 0.72-£0.01 Olive drab Pale yellowish brown.
N, N’.Di-aryl-p-phenylendiamine (DAPD) 0.92--0.03 Vlue lavender Blue lavender
0.68—0.03 Pale blue Raw umber
N, N’-Diphenyl-p-phenylenediamine (DPPD) {0. 81-+0.01 Baby blue Dark olive green
: 0.56--0.02 Light bluish gray Old gold
N-Phenyl-N’-isopyl-p-phenylenediamine (PIPD) 0.2240.02 — Lemon yellow
0.134-0.01 Sky blue Pale yellewish brown.
0.0940.02 — Willow
Polymer of 2, 2, 4-trimethyl-1, 2-dihydroquinoline 0.74--0.04 — Brownish white
(PMH)
6-Ethoxy-2, 2, 4-trimethyl-1, 2-dihydroquinoline 0.35--0.01 Safrano pink Grayish red brown
(EMH)
Reaction product of phenyl-8-naphthylamine and  0.83+0.03 Citron green Mustard
acetone (PPNA)
High temperature reaction product of diphenyla- 0.9610.02 Saxe blue Grayish red brown
mime and acetone (RDA)
2-Mercaptobenzoimidazole (MBI) 0.89+0.01 Citron green Cobalt blue
Zinc salt of 2-mercaptobenzoimidazole (ZMBI) 0.03+0.01 — Sepia
Tri (nonyl phenyl) phosphite (TNPP) 0.05+0.01 — Warm gray
Dilaurylthiodipropionate (DLTDP) 0.36£0.01 — Dark brown
Nickel dibutyldithiocarbamate {(NDBDC) 0.2940.02 — Warm gray
Nickel isopropylxanthate (NIPX) 0.90+0.01 — White
Background 0.934+0.01 — White

— Pale grayish white-
a Colorl; Corlor produced by spaying color reagent (Formalin-sulfuric acid 1/4v/v)
b Color 2; Color produced by heating for 1 hr at 120°C after spraying color reagent. Ry value

in parenth eses is the value of a contaminant.

OTBG 0.04 — ”
Table TV {(o. 80) Pale yellow #
Color and two dimensional Rs values of organic ru- SDBDC {(0' 85) — Tvory .
bber chemiacals not developed with chloroform-benzene 0.97 Oyster white Brownish white-
; DHPH 0.00 - Ivory
Chemicals (]jtfh ;:olil)e Color 1 Color 2 {O. 93 Oyster white Plumbage
ck — Pale grayi
MI { 0.7 — Brownish white Background wiiiegraylsh
(0.00) — White 2% @Y WEEH
DPG (G2 — Mustard M 2Fol A M T B E raw rubber
0.87 — Citron yellow . ] - .
o Y = =
DOTG 0.19 — Pale reddish o SRR " HEMERE oot
growil lih 38 3 o] raw rubber soln-& T.L.C.o] RBHHA7]
043 = S 9 Table V& & #5328 vhehis,
0.82 Ogyster white » Base rubber = Ry {Ho] gle] 0.005 0.97% 7o} A
PPMDC 0.05 — White g s ) o e
[O, © =z Obite hite 9 MEE® FAZ e sporshu gk ks
0.84 Pale yellow Brownish white ko2 Wit Hik BREA AL B 58l
Table V
Ry Value and color of raw rubbers (on two dimensional chromatograms)
Ry value
Rawrubber Chloroform Benzene Ethanol Color 1 Color 2
NR 0.96 0. 00 — Golden yellow
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HR 0.94 "
NBR 0.00 { "
0.87
SBR 0.97 [0. 00
0.71
0. 88
HP 0.00 {0. 00
0.84
ABR 0. 00 0. 00
UR 0.00 0.00
EPT 0.98 {0. 00
0.92

Developing solvent of] ¥}3} #5¢
Tabe VI = o 2]7}A] developing solvent & JERI3}H
o 4L BBRERE vE AW 18\ HREEMS
acetone, benzene @ chloroform; Ce,2] EA&HW3
solbent o] % 53%}A] EBIs9l =z Chlorofarm 7}
solbent o 4 = E#5HETTI
& RERABC HAA 20

7
ko) g3
s ZE
o
1

SN 2 &
o

Golden honey

Yellow ochre

— Brownishwhite
Orchid pink Dark brown
Pale orange Beige

Pale purple Beige

Dark brown
Pinkish gray

Pale pink
Yellowish white

Sepia
Beige

HEHe) solvent s} o —Estel Mige] vebgh, =
A 7R {REmIe @A b Bk Bl DHPH &
chloroform: benzene 42l solvent o] EBEAEA &
A v} Ethanol acetone 2] &4} ethanol &] solvent of
Ax 4uY B % =92 ethanol: actone 8] R4
4y solvent o A &= FeRFRTS BHIE B etwiA] ethanol

Orchid pink

& 2 KEEFL A (FMS £ solvento] 7] = Eo fHEEME:

= HA=zS HAEs don Table VIE £31 = Bl FEE F5 FECIJIZNE gt
= chleroform: C Cl, &} 1 ¢} chloroform: benzene
Table VI
Ry values of rubber chemicals
Chemical Acteone Benzene Chloroform/ Chloroform/ Ethanol Ethanol/ Ethanol/
Carbon Benzene Chloroform Acetone
tetrachloride  (10/9) /v /D
(/D
DPG 0.21 0. 00 0.00 0.00 (0. 25)0. 97 (0. 26)0. 95 (0.49)0.96
MBT 0.90 0.13 0.12 0.33 0.90
CBS 0.96 0.12 0.55 0.28 0.95
ZMBT 0.00 0. 00 0.00 0.13 0. 00(0. 92)
ZDMDC 0.92 0. 00 0.54 0.59 0. 00
ZDBDC 0.97 0.71 0.99 0.92 0.90
TMTD 0.94 0.07 0.40 0.21 0.43
TMTM 0.92 0.00 0.09 0.32 0.82
DHPH 0.91 0. 00 0. 00 0.00 (0. 00)0. 93 (0. 00)0. 95 (0. 00)0. 86
TBBMP 0.97 0.85 0.48 0.48(0.74) 0.00 0.93
PANA 0.92 0.81 0.91 0. 86 0.90
PBNA 0.92 0.62 0.8 0.84 0.89
DPPD 0.96 0.18 0.58 0.56(0.81) 0.87
PIPD 0.90 0.04 0.09 0.13(0.09) (0.87)(0.93)
(0.22) 0.98
PMH 0.89 0.15 0.31 0.74 0.95
EMH 0.91 0.25 0.10 0.35 0.91
MBI 0.90 0.08 0.00 0.03 0.87
NDBDC 0.94 0.90 0.87 0.90 0. 86
DOTG 0. 00 0.19(0. 82) 0.23(0.73) 0. 36(0. 95)
OTBG 0.00 0. 04(0. 82) 0. 02(0.91) 0. 05(0. 89)
MI 0.00 (0.00)0.75  0.95(0.00)  0.76(0.00)
B5E H15 99



SDBDG
PPMDC

HMT
ZMBI
TDEDG
OBS
DLTDP
TNPP
SDMDC
TETD
MBTS
DAPD
ZEPDC
CDMDC
DNPD
SDEDC
PPNA
ZDEDC
PPNA
ROA
SP

NIPX
TBTD
BT BEER
—ie 2 B9 HELAYS amino,
rcapto, benzothiazole group 3} 7+o] functional group
+ 7HAR glo) o9 Rl #etd WEsed Ew
£t
Bl BEXEY oA &= Isatin reagent 8 Na-nitrm-
prusside FRZE-2 EHo} WL aHlTdE (Laipd
A BEElrE SHY BERES Qo9 for-

imino, me-

(0.85)0.97  0.86(0.97) 0. 84(0.96)
0.00 0.05(0.76)  0.07€0.90) 0. 04(0. 88%
0.84 (0.93) {0.94
0. 00 0.89 0.95 0.12
0. 05 0.86
0.18 0.75
(0.23)(0.06) 0.82
0.29 0.95
0.36 0.72
0. 50 0.82
0.56 0.89
0.62 0.88
0.68(0.92) 0.88
0.69 0.00
0.74 0.90
0.72 0.86
0.77 0.80
0.83 0.92
0.78 0.11
0.83 0.92
0.8900.96) 0.89
0.91(0.61) 0.00 0.92
(0.28)
0.93 0.83
0.94 0.94

malin: sulfuric acid 8449 &2 unsatruated group
3 BERES 39 sod-nitroprusside o e RS
FIAEA £ sample & 43} vh2Fo dte] alkalifk:
0.8 wrEn formalin: sulfuric acid E&% HAFEL HA
O T KPS 120°C A sl Isatin o] 4
Lol A%E 2 HEE viad =z ojFA s
plate FollA £4% BED BERES doarh,
& 3 Table VII oA &4 gl%o] Isatin reagent

Table VIT

Color reaction of rubber chemicals on a spot-test plate

Color reagent

Chemical Sodium nitroprusside
DPG Pinkish white
DOTG Pink
OTBG Pink
MBT Yellow
CBS Colozless
OBS Colorless
ZMBT Colorless
Mi Blue
ZDMDC Colorless

100

Isatin Formalin sulfuric acid
Orange Purplish pink
Colorless Pinkish gray
Reddish brown Grayish brown
Yellow Greenish yellow
Colorless Pale yellowish white
Yellowish white Colorless

Colorless Colorless

Yellowish brown Colorless

Yellowish white Grayish white

RS EE



ZDEDC Colorless
ZDBDC Colorless
ZEPDC Pale grayish white
CDMDC Brownish black
SDEDC Colorless
TDEDC Yellow

PPMDC Pale brown
TMTD Orange

TETD Colorless
TMTM Green

HMT Yellow

DHPH Colorless
TBBMP Colorless

PANA Colorless

PBNA Pinkish white
DNPD Pink

DPPD Colorless

DAPD Gray

PIPD Blue

PMH Yellowish brown
EMH Yellowish brown
MBI Colorless

ZMBI Green

DLTDP Colorless

NIPX Yellowish brown
NDBDC Green

Z FHYE He 851
formalin: sulfuric acid E& FHZFEL 1171A,

el Efoz vehir

Colorless
Brownish black
Brownish black
Yellow green
Brownish black
Orange
Colorless
Yellow green
Pale yellow
Orange

Orange
Yellowish white
Purple
Yellowish brown
Yellowish brown
Yellowish brown
Pink

Olive

Brownish black
Olive

Green

Orange
Colorless
Orange
Brownish black
Orange

Colorless

Colorless

Colorless

Pale yellow green
Light yellowish orang
Pale yellowish white
Colorless

Pale yellowish white
Colorless

Pale yellow -brewn
Colorless

Colorless

Brown

Dark yellowish green
Grayish yellow brown
Pale yellow brown
Dark yellowish brown
Yellowish brown
Light blush gray
Yellowish white

Pale yellowish brown
Yellow

Pale green

Grayish yellow brown
Grayish white

Colorless

48 ohA #{8o) A methanol 2 IS o

g o] Hitite

one dimensional TLC o] EBHA

nitroprusside & 147127} Epo 2 Vel

o]k Ao = Ew Isatin reagnt 7} 773 ol &
Vel A% 449 2 formalin: sulfuric acid &
e 1A e R X7 FEARS Gl
Falste] #AES o)L 40

0.1mg o] HELEY #&F TLC D B A4
Isatin reagent 24 32%°] ABE WIE F 4 Ut
e R o fEfaeg vehv HERgssr dod
formalin: sulfuric acid EB&ES FIHTdGE A &
T Bas o @R 25 gD Al F-—-3 AL
A0 fmeg deph) W Eo) RS EE
3he] fHEhol 71 = Shet,

B #(F

99 #RE fuzs vhE ol HEE WUk

Bl ML EE 50 mesh Boh A2 HERE Fo] o)A
£ 0.1~0.5gm Eu3te] iRl A chloroform, acetone
28] 3 methanol o} A S 3te] o] HiHS &3
2 3 EEET 30°C LATAA st G5 o] B

H5E E1MR

7% table Il el Vehdriel o] Iz 3 Hif
L Giicr BS BRTS ded ohek e
@ffe] vehtw EEps dA28E LA oA
TLC o] Ae] REBEAZ

=22} 7 chloroform: benzene ©] solvent 2. JEBHAI A
EiEe) T4 @=A-L 2nd direction 22 RBHAY)

s e A E&E table IV o] JUehdA s o] AE

Heweste] mEERSH
Y oY mEE

olw 77 ®hIGA AL Fr TR AV FEeo
gego 2 e =%E AHstded AT MR
51 SBR 3} @4l g, IR 28z unknown b
g (A

SHHES old RillFAS Z2hke s e
NR o %% one dimensional TLC®} #5%E table
VI o] vhepuel 2w,

o] #EolA PMH 9 MBTS = &7 #fFdcte A
g @4 glon Rp=0.002 HE-L 2nd driection of 4
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