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There are many methods of obtaining butadiene described in the literature. In the america it is
produced largely from petroleum gases, i.e., by catalytic dehydrogenation of butene or butene-butane
mixtures. }

Butadiene can be recovered from the C, residue of an olefin piant by distilling off a fraction containing
most of the butadiene, catalytically hydrogenating the higher acetylenes to olefins and separating the
product from other olefins and isobutane by extraction. Also it can be obtained directly by cracking naph-
tha and light oil. '

Among the individual dienes of commercial importance, 1, 3-butadiene is of first importance. It is used
primarily for the production of polymers.

In the present paper, it was investigated for a effect of the formation and the growth inhibition of
popped corn polymer in butadiene extraction unit.

As a result of study, inhibitors, NaNO, and TBC were good effective for inhibition of the formation and
growth in popcorn polymer. '

The rational formula of popcorn polymer obtained was (C4Hg),.

Keywords : Butadiene, Extraction, Popped Com Polymer, Free Radical Mechanism, GC

63



64 J. Natural Science, Pai Chai Univ, vol 5(2), 1992

[. F &
Diolefin ftibk%e 713 g 3

diene?! butadiene monomere EANES ©
4389 styrene-butadiene rubber, polybu-
tadiene rubber, acrylonitrile-butadiene
rubber, butyl rubber, chloroprene
rubber ¥ silicone rubber 5 nFAEY &
BatiEel EEEIEAM FHmTHANAS naphthag®
crackingdtod Aibsta glok,

Atk butadiened BEHM-E C, mibk
%9 MA%S naphtha 5f#e] C, W52
2] s os A=y, Shell el "
of o3l FibsBEMSTe C, Wy B C,
mibkFEY A & HE butadiene
oz Ead AMEES vt @tk olge
AmibEH R 93 butadiened] BHEHEE 1K
BEERIA WE7E 22 butadiened [HUIkS)H
7] e 3 vt B ol 8TE Y,
BE Agshe EiEolral Esso ikl CAA &
o) -, Shell #tel ACN
Philips it furfural &5 #HEE, =
Aol Al&ite] GPB &, BASF ite] NMP
#, 2832 UCC it DMA &% AME& T
o] /Aol BEgsa vk, 1¥d butadiene
o] A EEE HAFTHER de] #ole &
ot} ,

33 butadiene monomer BETHEANA ¢
X popcorn &9 polymer7} ﬁﬁ)ﬁiﬂw‘:‘ﬂ] o]
polymere #EfEfEo]l 33 Uz Z ZojAH
2 &ol ZUEY BETRY MES AV &
THBRFEEY 2= m2N REdl = &E
KTS Axt EAYE g

@) olo] @3 Eokol HZEHEIT A9 A
of A9 #KERMEACIBIER] ERFF LS
RIS sldste Ao AIF3] a7EER o
23 HL AR 793817195t popcorn
F8E] polymero] i3t msrg ZAMStm ARt
KEEGE TN MBS AHe3te olet 4@
polymerg& AmE ¥ AK€ polymerel AR
S HIHMRA LSS e AHEBE A9 A4S
o 1 5395 HES AT

. Hwhy H%

Butadine® b.p7} -4.41¢C<l &M 55

3 HFEREANE Ad sTRIEWEEA EE-ER
M= Fiikelw ¢ZF, JdHEF WEE Rt
KFERY BAHHHN e Wikcld Ede A
Figeln MEFAME 2 #ibad, ammo-
nia, n-butane, 2-butene, acetaldehyde,
methylamine ¥ chloroform%#& it
g gl

butadieneEA < Bfhe FE free radical
o o&f o]FojAn RILKFELAMHA UM
free radical mechanism& {KificlAs <] Eb
o 9Jajx] o] Folzirt,

R + O2—>» ROz
RO2+ + RH — ROOH + R-*

olu) YHY BEE(HS 100CEHL LS EIE
He & =] Bt gog

ROOH — > RO+ + OH

ol 21 g ER{LIKEET HKFEY KFES HEAREE
Fol uwa} 1 golAo] e Aeafiagelt
alkyl FEERLAH] 2 fole o] Aoz
adeix sk

free radicale] AKE e B7HA] o4& £9,°Y

1) EEfbolt Azo {bathel gk

ROOR ——— 2RO
R-N=N-R— (R-*N=N--R) —2R *+N2

2) &Bol& AT AN BB

Fe? + H:0, __» R + OH + HO
Fe?™ + Hy0, — > FeZ™ + HO; + H‘f
ROOH + Fe 2+w>c° RO *+ OH + Fe*'

3) WALSREESI N Ryeeikmeo] o ¥ AR e

R-CH,-CH,-CHO —*—* R-CH,-CH," » CHO
9

CoHO —» C,H0 *—*> CH;C -+ CH;

2 39 HAHRMES mechanismol 31o14]
popcorn polymer:= %7338 <l polybutadi-



Yim : Inhibition on Formation and Growth of Popcomn Polymer 65

ene® vHE7FA) 2 free radical polymeriza-
tion® 2 4=A Aoy I FAME EFF K
BHES 7Hx e Aoz A=Y buta-
diened &31=A] o= EMA polymer’t A
Az Fh—KiEoletnE 81, free radi-
cal EAL BME T2 BE s KiE
o] 3= —E{bEHR Y BILBhiLEISA <)
e REETEEZ 4 == FXd,

Ao 2 TEEEAO ol x&UE -CH,- %
T B9 oA BRIl "Wolx uz
W free radical® FEisl7] &olsict.

RHEBRES Bimes AHrd doy g
C}_ 16-18)

BIfAELR : ROOH —— R*

BEEM © R*+Bu —“—» RBu*
RBu*+Bu —“—» RBun+I*

f& 1L © RBun*+RBun*——» R,Bum”

T oj= EEf tellA popcorne] F-AIE W

gt sti &Ae] FAE Weetstd

FH ng B tol YoIA popcorn seed A
9] free radical #=} 3tz Co& EANIREES]
free radical #&tx 33

1/kg
w ekzﬁ T (W) ) , =" (5)
-1/kg
_‘:ECAO =e ks T= (Cvrl) __e‘ ............ (6)
T K (5) < (6) A
1/kg
-1/
(%) = (C_r; Vs N

< d&F At
Fith ¥ BEEREIA free radical Bk ne
popcorn seed® Z7|e] —RHyez G

T EA R (DS

%EW SRgT e (8)
2 e xR ()2 B2
‘k,/kz
n=Co (l“%) O 9)

€ #=3t9 n & KX (8) n& A R
(RS

d

==
11
.
Do
e
=
jy
=

t

7b "ot

popcorn polymer®l B# FA7F t=00]A]
Wo, t—tolld Weak stz R (10) € o] ERil
A AEsid

w k t
[ Wit awskaws 2 oo f dt

k3 katks katks

) k
o (W Wo =) =k, Wo 12 Cot -+ (1D

X QDM Wte Hx9 popcorn seed?
FA 2 Hzxo| @EMtaEe BE LFIF
< 44 U

a8y 9 RHe2E seed’t HEWOR
7vsteletsn eAdAl dHE e o3y o
i} Z& KFE mechanism 2434 gt

=
=]

o
=]

BIphExRs 0 C+M—»n n X, 9y
RERME ©n+ M—=>n
B cn+r - »m, n+nKpm

T A%y BEe 43¢ 08 43402 u
ey

P-B = kgk;Co/ (ktky) (1/k; (€"-1) + 1/k;(€**-1))

18y} popcorn polymer?l o] HEH®
oz Frleizitte AL AYdas ol BE
HE°] polymerd Amolvt REBES el
Fe AL onz @mbige] SOl free
radical® AAste HE7 EEEENES o
o7e EE & U] made AL 4%
g4 9o, copolymerizationolAe] K&



66 J. Natural Science, Pai Chai Univ, vol 5(2), 1992

thalA o™ monomer”}t #$E 2] free radi-
cal kel Kimete #E7F 2 radical® A4
I e Kk MHEAT JEIdn RE
o9H, & M, -3 My & M, € Myt Kol
A radicalelel W sl5d A= bR MEINEE
o daiA g3 22 RS AHEG”

M+ M; —*M, *,
M1o+ M2 —"‘"Mzn’
M2.+ M, —-le.’
M,*+ M, —*M,-,

rate = ku [M] ¢ J [ij
rate = ky,(M; * J(M,)
rate = k21 [Mz .) [Mlj
rate = ko (M, ¢ J (M)

EARMEC] AFste FAZ EHREN £
3 M« My-9 2iEs 3L
M=ol M, 2 #fsls HE= M7t M, -
o2 #iRdle #HES 2 Aot

kip (M« J(My)= ko (M, < J (M)

% f82] monomer (M;, My 7} ksl &
Ee o3 2o
-dMy)/dt = kg (M « JIMJ+kg, (M, < J (M)
‘d[sz/dt = klz[Ml ] [M;J*’km [Mz -] [M]J
ki/kig, koo/ky & £& 11, 1,2 FREA
dMp) - kM« JIMJ+ky (M <) My
d(MgJ ki [M1 ) [sz +Kkog My ) U\/Iz]

= M kg My < )4k (M # ) >
[sz ( klg[Ml * ]+k22[M2 ] /

_L _[M_L] = SFeol 2|
o AR AT BaR

kM - )MY) - M)
dM) M) [ ky  (M,+]
a0y "M | ke O IO, ke
ko M, +) kg 2

_ ok, (MM
(M) ko . [Mz'] le=

dMy) _ (M) (M) ¢ (M)
d[Mz] [MJ ( [M]] + rg[ng )

r# rye free radicalel [f€ monomerel
Miinshe #EERS M monomerdl Hihnst
v HEEKS BERERELLER AL [
EEEH) MiEE RS B REZ €.

T rplolW ESHS kKl e free
radical M; ol $4&oz Mol Fmsts, r,
{1°]¥ radical M;*& Mol BEHOZ Fihn
gl rre1dwr BEANY AeEn B 5 g
=4 ¥ monomer EfAI7} monomerd] RKEHE
I R AXe A 8o ue EEE
off ERRFSIA BFIct, #imkel 1 : 10 KA
I E A (alternative copolymer) &
ri7r,=08d  MAE® o] copolymere
monomer?] B EBFKSA YAt @
7t 5% 12% #AA monomer’t Al BE
4 (homopolymerization) S 3 A%, =
nryldde d8id A ¥o E pld 2S5
= monomer 2RTF &4l monomer® WA
uhg-ghct, oleigt #ekol =2 A2 popcorn poly-
mer”}t butadienedl] EFEA] ¥ B2 free radical
o] olgo] Z3¥ o# YA radicale] ME A
#hs o] 7] oj@tkm &@A ik *H

2322 oy AL BER Bl 4 B
HW free radical®l #&Eo] wj¢ AL =
o]22 polymere B3] miKsdle Aoz A
Zrg,

uelr olE EREEIT B4 vA= HE 2
olE EhEES HEEST mARAASF U HHIH
o &3 HRE AT

. e
1 BH YR

Butadiene C, #84r, #HE &, tEUe
# 2 popcorn seed5-< F T (Y it B
£ Alg-dtden P-Tertiary Butyl Catechol
(TBC), Nitrosophenyl Hydroxylamine
(NPH), NaNO,, Na,COj; H,0, HCI,
Acetone, Hydrazine ¥ Acid inhibitor (&
HHH) = Reagent Grade (Junsei
Chemicals Co.) & AM&3stsith

2. #E

Gas Chromatograph (Varian Aero-
graph Co. No. 2700, 400)%E&E c°|&3td
carrier gas® H#E 20ml/minZ He® N,E,
column® 30wt%e BMEA (Bis-2-



Yim : Inhibition on Formation and Growth of Popcorn Polymer 67

Methoxy Ethyl Adipate)$ DEHS (Di-2-
Ethyl Hexyl Sebaccate), Z8l3 20wt%
DMS (Dimethyl Sulfoxide) 2 3% column
£ A8t

B 117%5%% (Fisher-Porter Co.)v WERA! 4
FEHBEA SHME 35mm, Ze°] 190mm, FA
30mm¢! borosilicate glass2 {t&mye=z <t
et oF 200psie] BT HERY, FARVEER
A9 A3, EF o] FREMN butadiened
MEAIA dig 50C~55TH =AM &EAC 7}
sohy RESL €2 £ vEF dRA &
el ddE zAEeY ol&3ldT = HE
HEfol = wire screend F% 3 plastic
shield& AHg-3te] ZFhg x| 3%

28] butadiene FHEET RHI 5k
BE] divlelr] flste] EHIERERN HiE
#35 (40 X 50X 40cm) & o] &3t HZAAH T,
30C~100CE=H AN £0.5CE F&Es] =
AT dx AFEW BEo] fol3 e
Z2 EH0A A&KALZ sty HAROR
&8 ot MRS ATy 9o
A& da A5t

3. BHe sRrE
(1) Butadiene® 4

Naphtha #f##figkolA Hibs e SHERLE
i ethylene, propylene%s C; LTS &E7}t
2E AAT e, C, Lk @Al g4 Gy
Lk @5e AASn #EEEE CH,CN
o #&AA FTE acetylene T} HHIY
el o8 SRt

(2) Butadiene monomer®] ##%

50CLiTY B cylinder (S.S &)l
A€ butadiene monomers HFEMol <
lkg/cm’l i FEEEREY Z& o] & &
el BAS 47193t monomere A&
718 "2 dAstn AFMHSZ oBAA &F
sl A g, £ SHFE AR Ak A
BHESEE F 130ToN S3ARF oS, H
AlACl B WA WA 2 AN FTE AF
et 5013+ Dewar #ERNY trapd &
A Fig. 13} o] FA3IATh
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Fig.2. Chromatogram of sample C4 fraction obtained
by BMEA and DEHS column,

1.methane, 2 ethane, 3.propane, 4.iso-butane,
5.n-butane, 6.butene-1, 7.methyl acetylene,
8.trans-butene-2, 9.cis-butene-2, 10,1,3-butadiene,
11.iso-pentene, 12 1,2-butadiene, 13.ethyl acetylene,
14, n-pentane, 15. vinyl acetylene
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Fig.3. Chromatogram of sample C, fraction
obtained by DMS column.

1. butene-1

2. trans-butene-2
3. 1,3-butadiene
4, vinyl acetylene

Table. 1. Composition of C4 fraction and butadiene product

Sample B.P. C4 Fraction Butadiene

Componemt ™ T wt% product
Propane -42.1 0.11 { 10ppm
Butane 0.5 2.35 . { 10ppm
Butene-1 -6.47 40.58 0,14%

Methyl Acetylene -23.2 0.13 { 10ppm
Ethyl Acetylene 8.7 0.16 { 10ppm
Vinyl Acetylene 5.1 0.58 100ppm
Trans-Butene-2 0.4 5.68 { 10ppm
Cis-Butene-2 3.73 3.87 { 10ppm
1, 3-Butadiene 4,41 46,15 99.78%
1, 2-Butadiene 48 0.23 { 10ppm

Cy —

0.16 . < 100ppm
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Fig.6. Effect of seed and inhibitor for forma-
tion and growth of popcorn polymer.
Weight of seed : 0.008g(0), 0.02g(e)
Inhibitor : TBC(a), NaNO,(b).
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Fig. 7. Infrared spectra of standard(a) and
sample of popcorn polymer of polybutadi-
ene synthesized(b).

Table. 2. Results of analysis of popcorn polymer

Product Contents, wt%
Carbon 86.54
Hydrogen 10,76
Ash 0.79
Residues 1.86
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u ; Butadiene monomer
Co ; Concentration of hydroperoxide group
initially on seed
C : Peroxide group on the surface of seed

I*

ki,
M
m
n
Po
P
r

; Initiator of free radical

; Value of ks k4

ks ks k4 & ks 5 Rate constant
; Butadiene monomer molecule
; Inactive chain

; Growing chain

; Initial weight of the seed

; Weight of popcorn at time t

; All type of molecules

R*; Free radical
ROOH ; Hydroperoxide on popcorn polymer
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