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FE& R, W AEZEIRMEEMEAERNBFRE ™, EFHMOEMERBIRM
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KTHRBBFNAFES S M ROENS BN, HEAEEEEERAIMEERR
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IR R BRI AT B HE B SE B, W9 — B TSR E PR R h 451 B P a0 £ 42
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AL , B2 A TR R B R A R TR — Pk R A GO R, RER T
JRTERHR 72 /N, ARIE VST, TS BEUTUE , I S M2 5 YRS BRSSO,
IR BRI 3% BUUSHE, SEPIES (o7 RARAIE TREALAE A, SeHOMImIR0RE 5 FARS
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FE R IS TR M, = 1.77 X 10°; FRATA GRS 060 1 4% 4 59 JIE-1,4-
96 % > [K~1,4= 1% , 1,2- 3% ; BACRUE RS A 60T B D HESRIARY 98+ 1%,

Z TAEFr B M & B a5 85, 61 8k SR 2 RN 2L B eEs &5 | AL dh |
EACES BLEESE, BMeaRiE R ET 99%5Y, PR M & B I TRERIK —
TE W B RO PR IS T R R B, TR 10 Kz Pl A (2 B3 B P B P 16 ek
REEBH R A IE4L),

ZEMBRICRE R4 F BT, RRHEAEEOBRKDEHEBEENITR, &
SIBI—E BRI RN & B R NEBRBHITRMRES, REABREBIEE—RA
WG R £, HEIAAE R AR RS TR EBHE A EERN 35~40 %
KU, KILHRARRE, Kh BN B A BN R8T 1%.

BTN & BB R EAHBIAERRATSERE EARBEN, LB ERE
ISR AAERTI HRep U Bk e, TR EN GO ER Y B RIFERME, AT £oR L8
BRI AU — s R R (PTG R AT 2 I 5, 6 K 7).
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(=) ZEMEBRLEHOELEESRLFMRRERHXR.

KT ARZEMN SR Z MR R E, A BT SR R E Y R,
Bign, Kysemmmckuit SUEMMIAEFE SR, TR QEMBER, SmSEEL T
MRS, SRR K 2, SEL M R/, B Albert SEUIEIZERR, 78 T MR h Sk b po s
BEILFMESLS. Wi, R TEN GBI AR EARGE, B A0RS 6
IREEELM, B, REF ER NS REEEITRANEN & BN TR

R — A, THIE 54 AR FHELR S5
3 4 s 1 VTERSAER,

s e #06, 59 T WRENR-1, 4 T b R
A # f | WEGE B RS,
5 b J | ceRnmTCRnER ERTEE ST
® ? . | FRemamms, @, %, &, geosm
s | SERTR A, R R AT 1 BTR
e P k—RERBR, DA R & A
% " ST TSRS AR AR 5 5
. fE R, B X TR KR SR

famfm JH:‘ T R R RS R, 1523,
Bl . T D VRSB REAER, ARERR

FE N F YRR 70°C; G 750 BXRFAE) HABEAVER, e RBAE T a5

1 Co(Acac)z, 1.61 « 104 385-F/H %
2—Mn(Acac)s, 1.73 + 10-* 5 4-F/F; s
3——Fe(Acac)s, 16.9 + 10~ 30-F /Ft; HRUAZ TSN & EIREREET
N, €48 10T RIS R R IR AL A i, S LA 2 By

5 Cu(Acac)e, 59.9 - 10-¢ ¥ 5F/7;
6—ShE. A LU BB L B BER AR RE, AN,
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RVERE L S _bReoskERss SR B B AR 1 FTANERERE, EMZEATE
R, 4, B2 R sl fSeBR RS 3R , X e T & B Sh e AR AL G . Co > Mn>
Fe > Ni & Cu,{H# B EMNN: Mn < Co < Ni < Cu <Fe,

B}l AFEHERINZ BRI AEIR-1,4-5 T RS GR r R L5 53M: SR

Wﬁﬁ@ [221 - \%L[Sl]
THEW | B | ERAT Ot B RIERH R
HHRR BAT/H nnaseRanaEd gk 1g Ks

Co(Acac)F* 1.61x 104 0.33 0.79 5.40 4.11 —1.84
Mn(Acac)s 1.73%x10™* 0.24 0.67 4.18 3.07 —1.51
Fe(Acac)s 16.9% 10 0.17 0.45 9.8 9.0 —-0.771
Ni(Acac)z 64.8x 10— 0.16 0.42 5.92 4.46
Cu(Acac)e 59.9% 10 0.13 0.35 8.22 6.73 —~0.167

* ELEEE 70°C, R 750 FXHRAE.
** Acac RNRLBETE.

SRTT, IR IR BB R 5T M & REBTFHWELMEFREBRER, AEMZM
HEESRFUPERGE 1), #He b, FRABARRL RSN S E, BTG & RN
HERBRT—RAMEAEE R, F B2 ietas o A mETaak-
RS ERR ECE P BAAE TR, Flin, Wibaut FUGEE, YHFEEAFRZEN &R
RIBEAREEEE N, 2, 5- —RE D RN RS REARBR R HZE TN S BB TFNELEFHHE
Fl: Co** > Mn** > CettHt > Fet*t > Cdt, R RE TR —EHERRT
;PE@J!I%ZOI.

R RN & BAA DB SHA MR EERAERN, RFAXERTIL
BT R TR EFREVNEARFRMNGTEY, MBS, Bk, s, BEIRRE,
B A BN Z B AL R ER S AT e akSh, &5 AN 2 70 3 PioR, B 2 194, REXLFH
A B A B T8 & A e s AR R A B R ZE B, T B EME0 R el A B BE
AELEEMR-1,4- BT SRR EMARER, i AR R AR E
SEES S NN G IR B WA R E , S T BRIz, XECFT ARt —2 3
WHRFER, BTN RBIMEILEYE, RE5ENEEFAMEERRS, T SHABEETSE.
182, XAFRETATN & BT Y2 B EEE—EM, Flin, AE 3 iRk
E, FRIEEQGEEZ MBS TR Z 5], Hp AV g KT TYLEE
&, BT CEBERRERSSFEIREEM S 2 A28, 3T EAREEERTEMETS
#*, MRTREREEFMK, XTFRAILBNIENS B IT4 Y2 AR A E
ZRFHRBEMHARELS, > Ih P A — SRR RS NRE, B, Xk
RAEMHAETRBEENAR, BB ET BMERR bR ENzEs, FllERET &M
RN SRR SEMCAWAERS —MEESGEE S YRR I R R, F5%, EXBHT
BINBRABRE, AABEARSHN OB X RN SR E, XA T EM4HI
& BIXIREEEIIER, FEM i AR 5ENSBREFERKASYRESA
DO HERTISLH, MEEEFAYRE SEMEBEBTERNKSRELS DB EE
iy,
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%, B BRI A T ER S, BN RG0S B RR, AR
hE T RBLA HLACHL,

T B3 LR T, MR L 55— R ST DA 0 B AL R BB 5 R 3t
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ZUBERREIRE X100 ®aT/ 7 2 + log[Co(Acac)e]
He6 EXRREEMNT-RT -E68S5REEE E7 ERARENE-RT -ENRSRERE (V)
S BENEERENER 5 Co(Acac): WEHXNMXR
(&R 750 kKAL)

H, EX=TRETESREEE GHEI R EASRE—MERTTITHERE, Hxl
0.5+ 0.05, XA, W TIE-1,4-R T B4 RKOREHL, TEREHN 60—80°C MR ETE
B A, HR S REEE 5 AR BN S FEiEh R Er R, WU A T RS BRFER:
(—2 0y/dt)max ¢ [CoX,]¥2
X — R R A S AR FORE RS S22 —B, B, Bawn™! SRAZEEEH
EW RN B2 AR RE:
(—3d 02/dt)max ¢ [RH]*[Cat]¥2
IR E N B ATE S A A IRE B S EAN IR NI, HBEREN SR 5IR TR
IR
Cot** 4+ RH—> R+ + H* + Co™™*
stz G R HR
ROOH + Co** —> RO- + OH™ + Co***
ROOH + Co*tt —> RO,- + HY + Co™™*

PLRRESS) H # 5 Ul TA R, BRI H AR E LSRR AR, A2 EXER
A SRR AR SR Se B AR, R MaA X ks LA ENEEG]
A8, Mz —REAMrS RN &R EIHREE A b irE 50K NRE Tl
B, BIRSEME S 54 E—HA RS A L300, BT, RT 5L seiefs R
LN hia 2 E B

EREREMBMREFRETR, B 5N RERBHKERBEAF S
6 BRI L AN, T 24 R EF /N, AR R AR A IR I A TIE SR, ER
BEFE—-REEGEL6~1.8 X L RAST/TH)Z)GE, B R EEEEE W B aE KT
PRk , X RN EA B —M it B3R B EN & B A S fER.
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HRIEE 5 B 6 TR A —FhIR, ENIEFERTET FiB BN AR EEE Sk ERIK
F M , 2R R IR IR B N A TR AR R A SR B RO R M, BRTT AR B 8 PR EORE R, X
BT LIS SHEH , A% R T B0 T o i B WA A, TET A B 3T BB T ik
EISE R, iR ERIAMYEIE Achenius 32R3R, (B SHKHNEX—RRILBLE TR
REAT R ABHE R BB AT, A B2k A3 — 35 R AU AR B L Bl I B AR RESSHERAR , 5t
K—BBEAKTEASHEWEEST AR, M5 EOKRETR, BR,EXWEIRTIES
EiEh a0 E R RIRERE BT R FRIE AL E, i Arrhenius BISERRFE, AATHEE
FERAE R N R R SR IS A0 R R 20 FR/FE4TF, TANASERRNE-1,4-R T 5B AIRER
16 FR/FHF. R—FEREH, NTRNOPEEREERSE, SELTEREARER
(4 60°C) BB 64 fE Rl SC B M B AE B & 1R EE N (i 80°C) BT RERUEFLE AR,

24 14
20 12
%}\ ~
16 i% 10
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'_f; B
E) 12 }'g 08
5 ~
& 08 P 08
n 2
o +
a4 04
957 78 7 30 02 ; . ;
' : ~ ' 77 78 29 3.0
71,‘ % 102 % X 108
[68 &IRAIKEE Co(Acac)s B CoCla RII-BET = b T A 5 LIS B 56

(& 750 ZkTRAL)
I—8hfE; 2, 3, 4—FBUE 0.8, 1.6, 2.4X 10~ 3553-F/F# Co(Acac)s;
5, 6—Z B 0.8, 1.6 X104 ¥5-F /F i CoCls.

5 R N A8 4G T S B R /), 6T RS 0 R i A B, B e HE R ik
T FORAMLAE Arrhenius SGRFRIBE SR, BFER— KM B, FE R MR E L&A
SELEIR-1,4- T 8, HRBIGEERE R 14 TR/E45TF. RN, ShekErxR
[ Hh S R AR B 4R B RT B - A B fi 5 i,

() ZxfRTMEeRENHELZERBEER.

AR, TER AR BN L8 T8 B 5 I, BB AE Bk 2565 IR I B o IR 2K SR A pa b 32
FAHE, HRRAZIDAEROFACESEF, SESHRERRBR - TARNSZRSES
REETH LA TEBNEINEE, BRERANRS, REREAA YR - TARRY
BB BRI, TRRFAI KT 8 o F0 9 B 38 “bh R 4% B (synergistic
effect) , BiH A W RN /N B MFNAPT 3R R FIZAL” (antagonistic effect), TiH.,3X
WA N HRE B ERBRT o R P E—HMEA DR B TR, FRELKETE
M2 STk,
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RSB BB SN L — M RIFER 0 X 8K AT, HAFIE R K RS R s
B V] 9 S BB AL TR BT HESR , P AR B MBI BT DR BIEE , 4, “RARRTEME B
HIE~1,4-R T B REEEE:, EEMEROITTER ER O —&, N8k
= RANEE W, A RBIAENH, EEBRERO—NEE LRHE.

PEIG, A TAE b8, 8. 6., SR LB ENEEL 60 oA RIEAT T — B4 B B4R,
AERANE 9 B, HrbghiE 1, 17 RFEEILAIR X EA A 1.61X 107 AT /FHE53hM
BBRBRERENEH, NXBTUER, fERS SNSRI A Sk R
W A TACAT R, AT R W H B3 AT T, IR IS A AR AR TR R R A R R & 5
HLNGEME. BT 5SREEE, QIFERNE #5008 7 ER B —Su Bl L (H3X
T HE AL SREQESTFITR, thig 2, 2 RRSGEUWEREAH 161 X 107
BT/ FEEE R R EE B R, X BAERE A3 5 BRI AR, B
SRS EROBRRARERSE, FELBARERLENE LRSS REABHAHY BT
HIVER, MEXFERBEMKBT EMZEAES T, B, Y8k 5S&Ehes+
R 1—3 B, S Bk oM E I ROK, )R A R R F LR a9IE K, SRR s i
VRN, BB X H RS T AT 10 B, (R R B SRR ERI mFIs K T mF,
thik 3, 3’ F1 4, 4 HBIFRRMELAFA 161 X 107 mAF/FAEEET 16.9 X 107 315
F/F SRR R NE W, ERBERES T RA SIS R R,

025 T T T T T T 025l ¥ 4 T T T T
azal ] 0200 -
o § 015 \O\o ) -
: oA o4
a0 QO E 0.70, —
00— a5 iT 76 20 24 28 0O~ 05 77 16 20 27 26
£ % Fe(Acac)s B A 16.9X 107 BAF/FIF R 24 Fe(Acac)s BIREN 16.9X 107 56.0F /FHiRt
ﬁ.'\' Cu(Acac)s/Fe(Acac)s AT _é\_ Cu(Acac)z/Fe(Acac)s BT
g [] | L} L) R E , T L) 1 v
04 . 08 2
E / / 4 E 7 -
w Q o o~ w @ oL —o— ]
~ 03 b s 06 \o
& 2 &
v O 4 \ ,
g rd { & | ° >
= 02 ;5 0/ :??: 04
g0 o
5] [« / 1 b
o1 ® 9 o2k
O 2 25 W % V=76 75 2 2% 0 B
% Co(Acac)s BIREEH 1.61 X 10~ 3 F/ I, % Co(Acac)s fIREED 1.61 X 10~ L5 F/FH,
Ni(Acac)s, Fe(Acac)s, Cu(Acac)s ¥ Co(Acac): Ni(Acac)s, Fe(Acac)s, Cu(Acac)s ¥ Co(Acac)s
By Fib WREaFik

E9 —thREHEELTIRRT S ARERAR M

(LB 70°C, QUK 750 ZXHRAL)
Co(Acac)z + Ni(Acac)e; 2,2 Co(Acac)es + Fe(Acac)y;
Co(Acac)s + Cu(Acac)z; 4, 4 Fe(Acac)s + Cu(Acac)s,

1,1
3,3
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VERE S SR R A B B s0imsifER, R RmERERT EMZezEs
T ERRT R 2, 2 WEMESIX AR, NI e AR A RERS FHN AL
RIERERET S, BT REREESE, YA FHEST —BEEZE, ARAOEER
R FE—PEE,

@ %=

1. bl T ZBERER Co**, Cu**, Fe™ ¥, Mn™, I Ni** IE-1,4-RT _HBRE
SEASHI R, (S BSX Lt A W AR L S S E PR E B FHREA-ER B AR, KR
FHHEFE SR —F, B} Co™ > Mnt > Fet*t > Cu't R Nitt, RINERE, HEiXKE
NSRBI EREKR, IrAX BN & B BEREHER MEEABRESR
T, ez _RIERHER, WS W E S FUA S A A A B IEER , Scrmeih AL
BEH 2, SR B RAN AR,

2. WEB T AR RS I TR AL RS . Rk Es | BEIR RS L BE R N ER &
HIE-1,4-B T RERENEW, AERV, A Koo s e e E L
FRAN 428, EEEEER/ N AV, BT LBERERES 51 I8 B &
ZigZER, IR TRERERENEWITERSTES., WHERR, UsRBEE
60° Z 80°C TEE AN, RS RERE 53X =MEHRIKENTHBRIEL, EFrfENEE
EERA, XEELFTRERGEREN BN RAELE (BFKHN 20 TR/ZHTFEE 16
FR/FZHTF) BRI S REN B AR VG EE (PR R & S Eh O IE S 8 14 R/
ST

3. m%?amgﬁm C0++‘—‘FC+++, CO++““CU++, Co++___Ni++ *ﬂ F€+++—Cu++ m
P IRARRBIBRL, RIRBRT Co™ —Nit* sSX—RRS, Hoph AR b G M N LA 3 1
MM BT M — R PRI, B3 MR BE R BB AR B TS M B TR v
BUNMEZBKRE, RN, P &i4E G B R B TR R b IR TR 5T He, SR
MR N KA —REE, AN RN IRE, T Co™ —Fe*™ (hRKH, LK
FHHZESTFILART 1:10 i, SXNARRAEEE R MASCR T, engib i #2 B
BAREMEIER.

B A TIRETRN AR AL B ER 0 X R R L, R S A e B,

& % x ®&

[1] J. F. Morley, J. Rubber Res. 16, 31 (1947).

[2] H. Villain, Rubber Chem. & Tech. 23, 352 (1950).

[3] B. N. Leyland, R. L. Stafford, Trans. Proc. Inst. Rubber Ind. 35, No. 2, 25 (1959).
[4] B. N. Leyland, R. L. Stafford, Chem. in Canada 11, 45, 48, 50 (1959).

[5] H. E. Albert, G. E. P. Smith, G. W. Gottschalk, Ind. Eng. Chem. 40, 482 (1948).
[6]1 F. Patrick, Rev. gén. caoutchouc 30, 525—528, 457, 459, 461, 463 (1959).

[71 J. Rubber Res. 16, 33 (1947).

[8] A. C. Kysbmuncknii, B. II. 3afiuesa, H. H. Jlexnes, JJAH CCCP 125, 1057 (1959).
[91 A. C. Kysemunckuit, B. [I. 3aiinesa, H. H. Jlexues, BricokoMon. coen. 4, 1682 (1962).
[10]  BREN. xR, “FEMNEBEITFERII (1961) &F7, 2 MiFat, 1963, 357 H.
[11] FEZW, BER, AXEE.



158 s 44 F #E R 7 4B

[12] BREN. YRS, “PREMEBETTFERKN (1961) &7, B bk, 1963, 351 H.

[13] A. C. Kysbmunckuit, H, H. Jlexnes, 10. C. 3yes, “Oxucienne kayyykos u pesun” [ocxumusnat, Mocksa,
1957.

[14] J. M. Buist, “Aging and Weathering of Rubber’, W. Heffer & Sons, 1956, p. 26—31.

[15] Kawaoka, TolkfbZeZis (HA), 43, 225 (1940),

[16] J. P. Wibaut, A. Strang, Proc. Koninkl. Akad. Van. Wetenschap. 55B, 207 (1952).

[17] G. L. Banks, A. J. Chalk, J. E. Dawson, J. F. Smith, Nature 174, 274 (1954).

[18] C. F. Frank, Chem. Revs. 46, 155 (1950).

[191 E. T. Henucos, H. M. Omanyanb, Yen. xum. 29, 1409 (1960).

[20] A. J. Chalk, J. F. Smith, Trans. Faraday Soc. 53, 1214 (1957).

[211 W. O. Lundberg, “Autoxidation and Antioxidants” Interscience, New York, 1961.

{221 J. Bjerrum, G. Schwarzenbach, L. G. Silén, “Stability Constants, Part 1. Organic Ligands.” The Chemi-
cal Society, London, 1957.

[23] B. K. Llsickosckuil, H. A. Kucenesa, JK. npuk. xum. 23, 1001 (1950).

[24] K. U. Ingold, Chem. Revs. 61, 563 (1961).

[25] C. E. H. Bawn, A. A. Pennington, C. E. F. Tipper, Disc. Faraday Soc. 10, 282 (1951).



3 4 BRI EITE: H-1,4-FT HnRgfl 159

THERMAL OXIDATION OF CIS-1,4-POLYBUTADIENE

CATALYTIC ACTIVITIES AND EFFECTS OF THE
SALTS OF SOME TRANSITION METALS

CHENG Cuunc-Han anp KIN Zen-Yi
(Institute of Applied Chemistry, Academia Sinica)

AssTrRACT

1. The effect of some transition metal salts upon the rate of oxygen-absorption by
cis-polybutadiene has been studied; the salts used were acetylacetonates of Co**, Cu'*™,
Fet**, Mn* and Ni**. The results show that the relative catalytic activities of these
compounds depend on their cationic redox potential in the order: Co** > Mn** >
Fet** > Cu™ and Ni*t*. It was also found that as the concentration of the salts is in-
creased, the initial rate of oxygen-absorption is also increased, while the maximum rate
is only accelerated by Co**, but inhibited by Cu** and nearly unaffected by Fe*** and
Nitt,

2. Comparison has been made between the effects of bivalent cobalt salts: cobalt
halides, stearate, and acetylacetonate, upon the oxygen-absorption rate. It was shown that
the relative catalytic activities of different halides are similar to each other, but are slightly
less active than the two organic salts. The effect of cobalt acetylacetonate on the
maximum rate is slightly greater than that of cobalt stearate. Furthermore, it was also
found that the maximum rate of oxygen-absorption is proportional to the square root of
the concentration of these cobalt salts within the temperature range from 60° to 80°C.
The apparent activation energy of the initial stage was found to be decreased by cobalt
salts from 20 kcal/mole for the raw polymer to 16 kcal/mole; but that of the maximum
rate was not affected, the value of which was 14 kcal/mole.

3. The effects of four binary mixtures,acetylacetonates of Co**—Fe™**,Cott*—Cutt,
Cot*—Nit*, and Fet**—Cu*t, on the rate of oxygen-absorption have also been inves-
tigated. It was found that with the exception of the Co**—Ni** system, all the rest
showed that the more active component was inhibited by the less active one. Meanwhile,
the inhibition effect depended markedly upon the molar ratio of the two components in
two different ways, one with an optimum value and the other with a limiting value.
Moreover, as the molar ratio was increased to 1 :10, the effect of the Co**—Fe™* sys-
tem was synergistic, i.e. the value being greater than additive.





