Addi tive and Method for Term nating Pol ynerization and/ or Reducing

Vi scosity of Polyner Solution Technical Field 5The present invention
generally relates to the field of polynmer, particularly relates to an
additive and a nethod for term nating polymerization and/or reducing
viscosity of polyner solution. Backgrounds 10During the sol ution
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difficult transporting, spraying, agglonerating, post processing and so on
and results in a high energy cost. In order to control nol ecul ar wei ght and
product Ruaaketyued§i ciently 25 and to avoid continued chain propagation

after discharging of polynerization, it is necessarié to term nate grow ng
pol yh&r chai Pught athe ssomtpon ypelym@rizatioracri bulki polymgrazafionciodntd y.

Moreover, it is negessary to reduce the viscosity of.polymer sol uti.on
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sol uti orhay 4 Hohigglhfe aadosi hyt tamibetedducdeche and completely, resulting in an

increasing molecular weight, an increasing Mooney viscosity or polymer
15 molecular weight during the storage of polymer solutions, even gelling,
and accordingly the quality stability of polymer products is affected.
Viscosity of a polymer solution generally is dependent on the
concentration of the polymer solution and the chain structure of the
polymer. Viscosity of the polymer solution is high if the solution has a
20 high concentration and viscosity of the polymer solution is high if the
macromolecular chain has a high structural regularity. The high viscosity
of polymer solution leads to difficult transporting, spraying, agglomerating,
post processing and so on and results in a high energy cost.
In order to control molecular weight and product quality efficiently
25 and to avoid continued chain propagation after discharging of
polymerization, it is necessary to terminate growing polymer chain end
and stop polymerization reaction timely and efficiently. Moreover, it is
necessary to reduce the viscosity of polymer solution properly while
maintaining the concentration of the high molecular weight polymer
30 solution concentrated enough, such that productivity can be increased and
transportation resistance and energy cost of the polymer solution with high
viscosity can be reduced.
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Generally a termnator is added into a polynerization systemaccording to
termnation techni ques of grow ng polyner chain in prior art, wherein the
term nator usually is selected fromwater, nethanol, ethanol, isopropanol,
et hyl ene gl ycol, propylene glycol or a mxture thereof, see for 5 exanple
1JS2009/ 0043055A1, US2009/ 0043046A1, CNO2805285.4, EP1431318, GB2225586A,
EPO957115A1Gd/R4 08, 440, 1sERQEPER 4 a d%ﬂ?&}ﬂ i ter
and snal | ng_eculgg@?algcglﬁ@?gﬁare ploSI ar nmat e?ﬁgﬂ saa avéﬁgégirons Sy Stetf
conpat i dc¢ordiag to termomgtodartepbhygmees sblgroving paivneimeeaipoiry peior art,

sol uti ong have gh viscosities, it is difficult 10 to di sgerse and m x the

t er mi natSCrEin HﬂlﬁoﬁW%W WsUghy dsiisekestednframuwater,i meathagol octhanelhat e

ai sper sirop Aol einlchec B oI BRoRABAT bR LB ar R lwts 3T S50 36
t er nknagk Akl eaQyS2009/6083083%eY, t CUSE) (M QIRI3G46 ANt i © z4aving
8-18 carbon atons as the term nator, see for exanple 15 EP0207558A1,

EP03868B8AH 3 15156 76H3222 5686603 BRD A1 EPALL 728640067060 1585664818 ¢
C o A AT ARG S bl TS Bhar S e i eviall edocufis adoahols
et cr ent poafe g AR Ap Rt OC BEST Py UBITES il Ttar PRV R oo
of pr esmmtimgmﬁ@mihéetpb%ﬁaf del@ﬂioﬁdQié\ie/higha&i_sb@’sm&%giﬁﬁis difficult

pol yneri zation reaction and/or decreases the viscosity of polymer solution.
Anotlfier toogjsparsefand ssienthe temminatoriwithopplhyomicd s oduti®nsequniedklytend this

m nat es. pol yneri zati on.reactjon and/ or. decreases .t he vi scosit f pol yner
sol uti off. 15 hard f tarmingfe sheppbanerizaiion &ificientlv and: rownlsts 18 1 o
or esent o ; . . N . _
po|yner?§§¥?§%b@???@ﬁé%@bﬁ§§gﬁ?ﬁ3§9&3??3%€@H3%g§f%éﬁ%§@§ﬁ§ﬂygﬂ§¥%%h“§%?t i's
found sso @isi to ngiprovieatermireatinPectieet, titvis pfopossdnd usy dighen dliphatied
with a pol ynerization systemcontaining |living or growi ng polyner chains,

t he pol@]ﬁ@ilozl&t having &l rabeonatosriasatea termiciater) pegndor rexample

g L e T
ol yrer CEIRPEIOAR, o't uoe AMhARCS B YIS REIdY hatVIRe BSEO LhIbGR (e
provi deatoans aafli thiev éefminatenyiseat ifog example US4663405 and US6713565.

However, an additive that can terminate polymerization thoroughly and/or

reducing viscosity of polymer solution efficiently are still desirable.
20

Summary of the Invention

An object of present invention is to provide an additive that
terminates polymerization reaction and/or decreases the viscosity of
polymer solution. Another object of present invention is to provide a

25 method that terminates polymerization reaction and/or decreases the
viscosity of polymer solution.

According to an aspect, the additive and method according to present
invention can be used in solution polymerization or bulk polymerization
systems containing living or growing polymer chains.

30 It is found surprisingly that, when the additive of present invention is
mixed with a polymerization system containing living or growing polymer
chains, the polymerization reaction can be terminated efficiently and the
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pol ymeri zati on and/or reducing viscosity of polynmer solution, conprising:

A. a carboxylic acid, B. an al cohol, C. an salt which is selected
fromthe group consisting of an alkali to metal salt, an alkaline earth
nmetal salt, an anmmoniumsalt and a mi xture thereof; and E. optionally,

wat er . According to an enbodi nent of present invention, said additive

fur't her \AREREHS S5 ARTRRIS HerratiBhclyont kghoBe igased SFRdIasdIge 145

group consrs ne, a p ah ester.

inventidg 4l4ot berpmsemilgefoandethzed vikent@iovadditive oblptesenedhventiandior
reducing viscosity of polynmer solution, including adding the addjitive
accor di ngixed pvidhempalymen sohition hayipgl 3 héghseiseosdy, dha viseasityxohthe he
resulting  mxture, for about 0,5 - aQ@ut 30.mnp at a 70 m xing tenperature

of aboutPQlYBRETsSoBItiR s be decraascdicfTeEdveliti ti ve i s added in an amount
f . 00 Ry A 0 . ) 0
0 a?“t 0 gT‘tlg/ ; ;ﬁr@&qﬂt fn?@{lﬁ‘bnprf)‘(rswﬁ’éé’ ”ta(ﬁhﬁ\)’@ /‘g})gt ?f?%?ﬁl}@tﬁ‘{g %

based on th wel ght "0 e pofyner in the polyner s

Det ai | egyslgpeetiphiion hdiderddiveini eiscosity of prdyas@esslutide, corgaising:
invention provides an additive for term nating pol ymerization and/ or

reduci ng vi sdogicarbexyla¢ weed, sol ution, conprising: A a carboxylic acid,
30B. an al caojol C, an salt which is selected fromthe group consisting
of an al kal iBn@hA1cOBOL, "an alkaline earth netal salt, an ammoni um salt and

a mxture thergpl1@Rehich is selected from the group consisting of an alkali
10 metal salt, an alkaline earth metal salt, an ammonium salt and a mixture
thereof; and

E. optionally, water.

According to an embodiment of present invention, said additive
further comprises component D, which is at least one selected from the

15 group consisting of an amine, a phenol, and an ester.

The present invention further provides a method for terminating
polymerization and/or reducing viscosity of polymer solution, including
adding the additive according to present invention into a polymer solution
and then mixing the resulting mixture for about 0.5 — about 30 min at a

20 mixing temperature of about -100 °C to about 110 °C; wherein the additive
is added in an amount of about 0.4wt% to about 7.5wt%, preferably about
0.7 wt% to about 6.0wt%, based on the total weight of the polymer in the

polymer solution.

25 Detailed description of the invention
In one aspect, the present invention provides an additive for
terminating polymerization and/or reducing viscosity of polymer solution,
comprising:
A. a carboxylic acid,
30 B. an alcohol,
C. an salt which is selected from the group consisting of an alkali
metal salt, an alkaline earth metal salt, an ammonium salt and a mixture
=8 -



E. optionally, water. According to a preferred enbodi nent of present
i nvention, said additive further conprises conponent D, which is at |east
one selected 5 fromthe group consisting of an am ne, a phenol, and an
ester. The conponent A carboxylic acid according to present invention
can be any carboxylic acid known in the art commonly used to termnate a

i ving Her8bP"4A4 Pol yner chain. The conponent A carboxylic acid is
preferably at’ ['east one selected fromthe group consisting of a saturated
10 aliphati E. aptiomeNyngfie26 carbon atons, an unsaturated aliphatic acid
havi ng 6-26 carbon atons, and an aromatic_ acid having 7-26 carbon atons.
More pref er dsioprding tonpopesaferscdachabgdimenti afi presentednyestionelsatd ed

fromthe,gr.ou onsisting of a saturate i phatic.aci,d, having 10-.20,car bon
o, SadiRe GRS Condnfisel SokHAtH B PRk i8I lgnserediednn
arongt i i j r 44 t preferred

enb(r)rgi rrfl;rr??ﬁ tggﬁﬂﬂgéﬂgﬁgﬁ% ?g%gégﬁ?‘g’ gc?laélqép’se d]egpe‘gst??om t he group
consi sting dhedeoapurerac Ad cattholegHooicidagecordiagetwiptesent inv ¢ntdoaag®mn ¢

aci d, ristic acid, pentadecanoic acid, palmtic acid, heptadecanoic acid,
steari (r:%/@caw GrRexsdih sicad aknawini the aracemmenkbyaised daotermamiaie a

oct adec | enoi ¢ j Cl GO t raenoigacid, ricinoleic acid,;-epoxy, ol eic
2ot d. SR COL W e RGIRERH I RERT (P BT dmudrieo S SelPAifoa Sl
a net hy, ' i NEQY j ' '

butyl  HorreraBLe adeist ANCIHCSIREANERIR, B¢ oroRyp OBRKIsbrE 01 f, Satratéd
pheggl aa:leghﬁtllac adid dhmmig;rﬁ:—ﬂiﬁﬁrdm’;bani déoﬁfs,ZaA, ﬁn‘szctlturatctllifl %hphayi:c?aeﬁdc
aci d, thalic acid, and a phenyl ene diacetic, acid; i uding all isoners
¢ her eof NAYEPe26 earbon atpras.cand it ABIMaGkaakhhaxiE Tgehesantion aieMmSabout

From about Yo0rd SHElittyaotme, SOfEBHk P A, BaPiBRY HES R s P O S8t
addi ti vesledfed F@oﬁprm@ngﬁrg}l @bﬁ@mﬁngﬂqsp&aiismumeﬁr ﬁﬁ@l’iatiid“a@ﬁ&i RAveRe be

any al cohol known in the commonl y used to term nate a |ivi ng or grow ng
e

pol yrrer 1@+20) rcarboa adomsyean @nsatewated iadiphatier avid) havihgad0-30ecathent ed
fromthe grou onsi sti ng. of al i phat i,¢ al cohol , having 1-18 carbon atons,
an ?orﬁﬂq@saggarﬂcﬂ awiﬂitf qcﬁﬂhﬁgl&%gﬁ GAIDAN atSa pol yvi nyl al cohol
with a wei giat I [ out: 4, = u -

Al ternati ve%tc,&;fﬁiﬁggr?pngn@%% em{’dgélﬁﬁg’l 5%“%5%28898%? ‘%e(és%rblqgéah? nbs5
US applagdt ioscO0TASRODAE , gmhifs eorsibringr pordé&thdier acid pundeaneice.

Mor e preferabl t he conponent B al cohol is at |east one selected fromthe

group o, sd@ééCQiC asithatoidecennae acidy-myspstiolacid, papadscaneiowrecidl |

i - but anol,, t.-but anol - pent anol , i.-.pent anol , ntaerythritol, . .
palmitic ama, hepr}a%ecanmc ac1dE) Slearc acﬁi exatlecenoic acid, oleic

20 acid, octadecadienoic acid, octadecatrienoic acid, eicosatetraenoic acid,
ricinoleic acid, epoxy oleic acid, sebacic acid, dodecanedioic acid,
tridecanedioic acid, benzoic acid, a methyl benzoic acid, an ethyl benzoic
acid, a propyl benzoic acid, a butyl benzoic acid, a pentyl benzoic acid, a
hexyl benzoic acid, phenylacetic acid, phenylpropionic acid,

25 2,4,6-trimethyl phenylacetic acid, a phthalic acid, and a phenylene diacetic
acid; including all isomers thereof, if present.

The content of component A is generally from about 5% to about 50%,
preferably from about 8% to about 48%, more preferably from about 10%
to about 45%, on the basis of the total weight of the whole additive.

30 The component B alcohol according to present invention can be any
alcohol known in the art commonly used to terminate a living or growing
polymer chain. The component B alcohol is preferably at least one selected
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10 n-hexanol, i-hexanol, heptanol, octanol, decanol, dodecanol, cetyl

al cohol, stearyl alcohol, ethylene glycol, propylene glycol, glycerol,

cycl ohexanol , benzyl al cohol, 2-phenyl ethanol, a polyvinyl alcohol with a
wei ght - aver age nol ecul ar wei ght of about 5,000 - about 40, 000,

1, 2-ethanediol, 1,2-propanediol, 1,3 -propanediol, 15

2, 3-di a(gﬁg E’T‘E"q |,
1, 3- bu?g%.gg}ﬂ?e %r@ﬁg néelglhagzg’f‘?ﬂb%?glr}égwj?l% pent a d| o c%rﬁ?h‘%ﬁ%ﬁh@
- pent anexh ai‘oﬁlaﬁtimaﬂ\é@hﬁﬁ halvidg57 pent &redboin, Qt(ﬁnsﬁlahwagm(mllyvmyl alcohol
2, 4- pentanedlol 2- hexanedi ol , 1, 5- hexanedi ol hexane

2, 5- hexandi 8l wa:gbtmeéagegnyd@cu arr Wé@llgghteﬂﬁ ahqutoll , 000 pr olyeeh S 0590001 |
%Od."l cops DpRaN b1 B SpaRBaRb B 1ISOBR Al & Proyor GeSCtibed in
clyoRen 1 ol o] W ;

1 4- gcllgﬁex%ﬁgglegﬁlog rrgp Qg?/g?sggg?glpangﬁl Zgét etll}ﬁo , aed herein by
2- hydr oxgfetence. 1, 3- propanedi ol , 1,2 , 4- butanetrlol 1,1, 1-tris 95

(hydr oxynet hyl ) et hane, 1, 2, 6- hexanetrl ol, 1,1

-trls(hydro hprsfarebdy ethezcemp@pmhﬁral’@lohd B stcleassrenansalectsd
pyr ogal tril

I i_et hanal am ne anagl a
Y TNN DTom R GRERYB: fhs rind) o5 HFARIRS, " Axgrmspam& jimromagol
threi t oly_phtandl "% dg et ISy An3R! - Pg‘;dﬁ%&ﬁildcbgﬂﬁt ér&tﬁ% hr¥dl,
2- deoxy- galacto§e - eox -glucose, ’gl'ucose, allo ar abi rfose, xose,
ri bose, n@hlemaﬂolxy-lhdmml Q&J}:ﬂanoi;eoctmroiosbcammjadmlecahoﬂlpm‘s}d alcohol,
mel i bi ose, ar ab % ﬁ {1ydr o>iycyi:l ohexaln Yl itol, mannjtol nd
sor bi t olstearyl a cohol, ethyléne glycol, propylene glycol, glycerol, cy¢lohexanol,
benzyl alcohol, 2-phenyl ethanol, a polyvinyl alcohol with a
weight-average molecular weight of about 5,000 ~ about 40,000,
1,2-ethanediol, 1,2-propanediol, 1,3-propanediol,
15 2,3-dimethyl-2,3-butanediol, 2,2-dimethyl-1,3-propanediol, 1,2-butanediol,
1,3-butanediol, 1,4-butanediol, 2,3-butanediol, 1,2-pentanediol,
1,3-pentanediol, 1,4-pentanediol, 1,5-pentanediol, 2,3-pentanediol,
2,4-pentanediol, 1,2-hexanediol, 1,5-hexanediol, 1,6-hexanediol,
2,5-hexanediol, diethylene glycol, triethylene glycol, dipropylene glycol,
20 diethanolamine,  N-n-butyldiethanolamine,  N-t-butyldiethanolamine,

3-diisopropylamino-1,2-propanediol, 1,2-cyclopentanediol,
1,3-cyclopentanediol, 1,2-cyclohexanediol, 1,3-cyclohexanediol,
1,4-cyclohexanediol, 3-methoxy-1,2-propanediol, catechol,
2-hydroxymethyl-1,3-propanediol, 1,2,4-butanetriol, 1,1,1-tris
25 (hydroxymethyl)ethane, 1,2,6-hexanetriol,
1,1,1-tris(hydroxymethyl)propane, 1,2,3-heptanetriol,

1,3,5-cyclohexanetriol, pyrogallol, triethanolamine, triisopropanolamine,
1-[N,N-bis(2-hydroxyethyl)amino]-2-propanol, 2-deoxyribose, erythritol,
threitol, 1,3-dihydroxyacetone dimer, glyceraldehyde dimer, fucose,
30 2-deoxy-galactose, 2-deoxy-glucose, glucose, allose, arabinose, lyxose,
ribose, xylose, xylulose, galactose, mannose, tagatose, fructose, melibiose,
arabitol, hexahydroxycyclohexane, xylitol, mannitol, and sorbitol.
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The content of conponent B is generally from about 5% to about 45%
preferably from about 8% to about 43% nore preferably fromabout 10%to
about 40% on the basis of the total weight of the whole additive. The

al kali metal salt or alkaline earth netal salt of conponent C salt 5
according to present invention is preferably a carboxylate, a sulfonate, a

sul fate, —or TPRRRIAGE cé{ig)nqggpfmastgg%m¥w%6u%%qm%4 %5

preferably a prinmary ammon y amoniumsalt, a terfiary

ammoni upreieirably feomuabeut &% twrabouum34, tmore rebeeftdyafiom about 10%
al kyl - substi tut eo(l) primary anmonium salt, an al kyl -substituted 10 secondary
anmoni utd 8Bput 4veaonytheshasts olithe t@@ltWQIghbm wheka additige.

| kyl - subst Lt ut at iym sal t r ref er abl t he
S onmonent ot Sk FhER A HTTRKAIRS Sakth, metallHate B Gt Eosalt
) o > hihg ! .
ot cap s BecoRlif h Prestt dnyEAROHTIO FRTEralY! & CUFRLGARR, RNATSHUR, o
dodecyl sbHarener apliosphate; aod wharein shie arhnsonfuonatadt of edimpohensdédy!

sul f onat e, . bi f2-et hyl hexyl ) sul f psucci riat e sodium salt, sodi,um di butyl
napht haPEsferably ohaPEIMAGYi 4Mmaniym sialf.ate SCEOM pGBENHYE | §8E, (duch

2 o B Byl PG S¥icLof € sBIRARE! BB S8 bidreS BEEHIRRRLY 2
acid pe@ﬁasa?ndylp@,@@éﬁmteactgﬁﬁﬁufy angmmomihl O5hHe, 4H OIRYECHIbSHUTREI UM

chloride, N, Ndinethyl octadecyl “ammoni um chl oride, octadecyl dinethyl
beni9l secomdary emmondam saltycn ladkyl-subatitutesb tértraryahmmionhum salt or

for thx;%‘%Faéﬁ%a%ﬁ%ﬁ‘eﬁgﬁ“@%&?ﬁa&‘?&%ﬁ%ﬁé&of Jcate, partial esterificd
anhyar de- nSURyY HRECHALTYT ane SOpmREIt Colf i LRt o, SIREI L AFmiThe,

aci d an%rmu nteakistiig hof y&didlih- 3v&irase, redlehunarstégiab! sddiakaublda0o -
about 20,000 (such as, 30 for exanple, anmmonium polyacrylate or ammoni um
pol ynal @@lcaym oleatee potassiumf stearpteensodiviie deneatal, | galcionmataura®y t o

0l oAl SRR i LR R i S
addi ti vgylfonatd "SolfuRe ﬁExﬁﬁBE%ﬁgﬂFf) e g@ﬁfﬁ?@%ﬂéﬂgﬁ&ylf’%dﬁoﬁw 121’3%? y

sel ected fromdromatic amnes. refer e’i's selec rom

the grospduonssst) sgdnimdditheryyl! naphtiedenp- ahidonhanescdamnksiryl sulfate,
sodium polycarboxylate (such as, for example,
2-hydroxy-1,2,3-propanetricarboxylic acid trisodium salt,

20 butanetetracarboxylicacid tetrasodium salt, diethylenetriamine-pentaacetic
acid pentasodium salt), octadecyl ammonium chloride, dioctadecyl
ammonium chloride, N,N-dimethyl octadecyl ammonium chloride,
octadecyl dimethyl benzyl ammonium chloride, polycarboxylic acid
sodium salt with a weight-average molecular weight of about 1,000 ~

25 about 20,000 (such as, for example, sodium polyacrylate, sodium
polymaleate, partial esterified styrene-maleic anhydride copolymer sodium
salt, partial esterified maleic anhydride-methyl methacrylate copolymer
sodium salt), and polycarboxylic acid ammonium salt with a
weight-average molecular weight of about 1,000 ~ about 20,000 (such as,

30 for example, ammonium polyacrylate or ammonium polymaleate).

The content of component C is generally from about 2% to about 40%,
preferably from about 4% to about 38%, more preferably from about 5% to
-6 -



5 di hydroqui nol i nes and derivatives of di hydroquinoline, nost preferably is
sel ected from N-isopropyl -N -phenyl - p- phenyl ene di am ne,
N- (1, 3-di net hyl butyl)- N -phenyl - p-phenyl ene di am ne,
N, N - di phenyl p- phenyl ene di am ne, octyl ated di phenyl am ne,
'-(a, a-di net hyl benzyl ) di phenyl am ne, 10 2,2,4 -trinmethyl-1,2-d ihydroqu

4,4
o 11 g €359 10y e efid KRNk LAl ORUIRIERIditiyeThe pherol of

conponent resent invention is pref om hi nder ed

phenol s. Nbr”EheraeﬁmabifmomE@mrlblof presdreiciraciftiomis prefeablycseisctad ng
of 2, 6- d| -tert-but -4- et hyl phenol
2, 2" - metfrgnedgonnafia- agxings. Déetp eﬂm)amme is selected from the

2,2 -neth ne-bi s(4-et hyl- -butyl - henol 4 4t -
enebi s(@rﬁé‘%ylcﬁn%’éﬂn%ﬁtﬂ h‘gﬂ? p-phéh¥iefle  diamines,

-t hi ar bi

2. 45 SN AToRI R Hid gﬁﬁfﬂ‘?‘(éﬁenoﬂlh%ﬁ%%ulg&h&e oSt Rsterably Iy
present setyeted on i $remef er aINMsepkepbefmrgd dpqﬂyémylemt er aiamine,
phosphite. Mre, preferabl the ester is selecte

Y fromtheﬁroupc S|Tt|ng

01;] sé ealyt(133¢dimethylbatyoulN tphenydr aapheaglengr dpawiaaee, pglle

t di t t hi_odi t t | th t

tri ooty P DHODSHERE. 2% 111 BB phosphi t 2oty HtEduryl* phodifeByIRIRE,

tri (hexadg 3(%1) -Qﬁﬁ?é’ch;)ﬁlﬁe 7z lr%d'{gﬁeﬁ ®fheof component D (when conponent D
t) ener a ? %

is presen out 2% to about 25% preferably from about
4% t1) almm4-2ﬁﬁmemylel;ﬁ-dﬁhydbbquin@hnebout 5%to about 19% on the tmrds
of the total We ht of  the }\Z/\Sﬁole ditive. 30The conponent E water of the
addi t i vé-6th@xg rzt,4rtﬁllélﬁth 1|,% Yﬂf@i%‘ﬂﬁp 1®&mponent; that is, the

addi tive of "PfleseTlen'o 'c%qnp ohent D of present invention is preferably

selected from hindered phenols. More preferably, the phenol is selected

from the group consisting of 2,6-di-tert-butyl -4-methyl phenol,
15 2,2’-methylene-bis(4-methyl-6-tert-butyl-phenol),

2,2’-methylene-bis(4-ethyl-6-t-butyl-phenol),

4 4'-butylidenebis(3-methyl-6-tert-butyl-phenol),

4,4’ -thio-bis(3-methyl-6-t-butyl-phenol) and
2,4-bis(n-octylthiomethyl)-6-methylphenol.
20 The ester of component D of present invention is preferably selected

from carboxylate ester and phosphite. More preferably, the ester is
selected from the group consisting of stearyl
B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, dilauryl thiodipropionate,
dimyristyl thiodipropionate, distearyl thiodipropionate, trioctyl phosphite,

25 tri(decyl) phosphite, trilauryl phosphite and tri(hexadecyl) phosphite.

The content of component D (when component D is present) is
generally from about 2% to about 25%, preferably from about 4% to about
20%, more preferably from about 5% to about 19%, on the basis of the
total weight of the whole additive.

30 The component E water of the additive of present invention is an
optional component; that is, the additive of present invention may
comprise water or may comprise no water. The content of component E
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conprise water or may conprise no water. The content of conponent E
generally is fromabout 0 to about 60% preferably from about 0O to about
55% nore preferably from about 0 to about 52% on the basis of the total
wei ght of the whole additive. Generally, there are no particular limts to
the water, provided the technical effects of present invention are not 5

v or  GPAPREISROR ARMD 6] abORl SVRERIER AL Rom M Ot AbbEE

advant afébbisneoreopiefenablyt firomoabdoat Ovid ubolit t3Rsyasrethé basssadfl thd sstalt han
500 pS/cm. preferably |l ess than 1000/cm_nore preferably |less than,
10118/ cwelggh&fot@ wghole additiver eaneralbyi there ere pre particuwlerdimgts, te he

ddi ti f ' ti i.ses; A f bout 5% to about . 50%
or ef er o1 VRIS aB bl (U] b BRRIesT; Betects 0L, o PibsatiboueTeotbto
A . . ! .

whol & adiPeredHRE AR tap Bales JERRoRH, Wileky pRE Salch, PLrlfifd o,
to abouwatsty distidlad efvatebl untlr dimeabloke 1A% tbe abset. 40%cafdiakcaiool anon

the basig of the total i ght of the whole addit]ve; C. from about 2%
to abou@éﬂ@%awseﬁ%b&¥m§maaﬁbﬁtCQM@%'IIHHG’utOfS@% water py arssradhbr yless om

ol e it 98 Hise Ry el LR il TRDNGH Bl Bl BantT LR rip

netal sphfS/@m.al kaline earth metal salt, an anmmoniumsalt and a mxture

t hereof; and . E. optionally, fromabout O to about 60% preferably
froidabout Accwrdbogt t65% praferyedefembioidinientm aiboptesent o inbentiofhi2%thef
water, on.the 75 basis of the total weight of the whole additive.

Accor di %@d]ctbv% 1CSEREARY PRUOBHGIMDTEIAS of present invention, the additive

of PLESEM MBI ANGRTBY EEabous 0%, TSRS i R0 % P host
about 45884 oo pexfdrablypdirdm bt 10% hasilboat 415%, toft shrbwighit &didt he
whol e additive; . B. from about 5% to about 45% preferably from about 8%
t o aboudn4beybamis © fpther atabmeighsrafatheuwhrdewaddisbmit 40% of al cohol, on
thes B. from about 5% to about 45%, preferably from about 8% to about
43%, more preferably from about 10% to about 40%, of alcohol, on the
basis of the total weight of the whole additive;
C. from about 2% to about 40%, preferably from about 4% to about
38%, more preferably from about 5% to about 35%, of salt, on the basis of
20 the total weight of the whole additive, which is selected from the group
consisting of an alkali metal salt, an alkaline earth metal salt, an
ammonium salt and a mixture thereof; and
E. optionally, from about 0 to about 60%, preferably from about 0 to
about 55%, more preferably from about 0 to about 52%, of water, on the
25 Dbasis of the total weight of the whole additive.
According to a more preferred embodiment of present invention, the
additive of present invention comprises:
A. from about 5% to about 50%, preferably from about 8% to about
48%, more preferably from about 10% to about 45%, of carboxylic acid,
30 on the basis of the total weight of the whole additive;
B. from about 5% to about 45%, preferably from about 8% to about
43%, more preferably from about 10% to about 40%, of alcohol, on the
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basis of the total weight of the whole additive; C. fromabout 2% to
about 40% preferably from about 4% to about 38% nore preferably from
about 5% to about 35% of salt, on the basis of the total weight of the
whol e additive, which is selected fromthe group 5 consisting of an al kal i
netal salt, an alkaline earth nmetal salt, an ammonium salt and a m xture

t her eof ; r 9 eg@qw ferably fromabout 4%to
about ZWSI%)EethfSr g&{gh?réoftn@a ou lg%f/oltg{)egut 19% of at |east one

sel ected fram tff@ngabbm%t@tabmpﬂo&@ ite ferabdy pfrenelabartd4 & tesabout on
the basis 10 of the total weight of the ol e additive; and

opt i onal3|&% fmone qﬁrefmr&blycﬁamwbmﬁ%%ﬁ@ﬂb@mTyS%,Gva ad@uondheobamwf
55% bly fr b t bout 5 b f
Dhe. t o shebanahvarehtiel T RehaleaddiB e fﬁﬁllﬁérlsa\,\%]&&e%f rgpg pRoup’

i nverd i S m,nat or.
decr e%tas:%n%éf 3%@% sf% %}% l%m‘riirefrlﬂéto utslt‘lg’i alﬁncéﬂk%'lng a ng the agpgﬂél vaen
accordi ragnﬁg)mmﬁ@aqt aﬁd%MMuréftheﬁedim ynmer solution and m xing the
resulting m xture honogeneously The method of present invention

i ncl udes adan@r@ﬁl ab@dldhl?/wéolah@lfa%&f)ymcf@@lblwl ang e ind iy toi abawt or

SLF:y“WQ?. ! Sh0wF Dol arapiyytam 2BOTS Vet Bhaffd 9o ot aldedsh Bhergeyegted ' O
ref or

Pormgendsolf HERrond eohSRHrO AP Anfint, 20 phifiol UL AR $sfErclofl fhe basis

net had Qj‘fuhreeaﬁal wagﬁjto{bthdna&h(ﬂe pdditiver andl imits to the solution

pol ymeri zati on or bul k pal ynerization, 25 and the so] ution polyneri Z%tl on

or bulk pol @eopzmnailv,cﬁwmeamut Qotmab@mtrﬁﬁ%@nefgrawry srompakout

Ot 21 ned o aasY P B ByRTaP d rAREAtBH: O i2Proh 17 dbort Mol et U rer
in sol vm?b mﬁth%'ﬂbtar Per@rﬂféaa,mﬂe HitReanpl e, a commercial avail able

pol ymer ur prising Inventors of present invention found that the
addi tive of Ardwethier rwqmatoroﬁlopremim daveatisas tdlates stwsat ynethad! or on

but also term nates pol ynerization reactigon in a polyner soluti.on
15 terminating polymerization and/or decreasing viscosity of polymer
solution, including adding the additive according to present invention into
a polymer solution and mixing the resulting mixture homogeneously.
The method of present invention includes adding said additive into a
polymer solution containing living or growing polymer chains such as
20 those polymer solutions obtained by solution polymerization or bulk
polymerization, or adding said additive into a preformed polymer solution,
and then mixing the resulting mixture homogeneously. As will be
appreciated by those skilled in the art, the method of present invention has
no particular limits to the solution polymerization or bulk polymerization,
25 and the solution polymerization or bulk polymerization can be any solution
polymerization or bulk polymerization. Said preformed polymer solution
means a polymer solution obtained by adding a polymer into a solvent and
then dissolving the polymer in solvent, wherein the polymer can be, for
example, a commercial available polymer.
30 Surprisingly, the inventors of present invention found that the
additive of present invention not only decreases the viscosity of solution
but also terminates polymerization reaction in a polymer solution
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containing living or grow ng polymer chains obtained by sol ution

pol yneri zati on or bul k pol ynerization (excellent dual actions), or
decreases the viscosity of a prefoi Hi ed polyner solution dramatically. The
m xi ng of the additive and the polynmer solution nmentioned above 5 can be
conducted via various m xi ng nodes, such as for exanple m xing by

mechani it at i1ofh. O APy | I.c..m - or 1 1 - \When
T xed hoonuBMAS. WingCobY stbiael FoBner"chiling LAY, BT $gfusioR

pol yrer pobymerizitioni 1t | ull f Pdlyhmi@atigﬁo e aidmtmredughandtions) st ok n

pol ymer sol uti o?ﬁwtsu_ch that nolecul e weight of the polyner is 10 maintai ned
unchangé@craasesdaict viseosttyeohaqefosmed pobgsmer solution drarvaticadljuce t he

vent | on, S THSEBE, T afifLEs ANE RS poy iyt olkTi dientiabed 6V Suer
t hans5008n ’ﬁ’@%on‘?fud%ﬁ&”viaoﬁﬁddkag}i%?ﬁg qgﬂge&m diN@rt 8x 4 %’gfe?ﬂki‘i’fgt of

present 1nvention, the viscosity ymer sol'ution can

decr easby mediramicabagiitat{nt or dbpuisifig¥a staeicensiXler 6r amdapruhi30etcr.
about 85% relativ Ep the viscosity of the polyner solutian before adding
the addWhed 6\'11’$ﬁ<§s pmogereeusly, the additivgn ehepresend nvvpationc ucam

limts 0 ration of ~khe | yirer,.sol ution, the polyner sol ution
b oot ARSI G R RaPl s AL IR o, Prawite foMTEBbah0S Lo
about 35Riq/ in polynfé‘f'%%_’l‘ﬁﬂbﬁ Asu@h_tﬁgt %&Ecﬁ{é’%ﬁ@f%htaﬂ? fhd Efol@h’?éle’i ) in
the additive of pfesent invention, independently wth each other; can be
used0di meantainesuunchangedd linnadditiencithe additivwbdlcf poesentoineantiba can
formul ated into a.solution éﬁ;%?) sol vent before use, The solvent can be a

sol ventT§ thevigeosityoL; e fgeﬁr)Wm- Ascorduig tean sabadenept . e

i i . . | t t.
“pai v OhePufyeafl PSRNl e e NinaBhish™ o S pEMER " sbioRo S e
par ti cuflgérddseidt ot WBE g 5000 MaPa-9f diheveddibie thard "E40Bt horh &f
present invention. Conponents A B, C, b] (if present) and E 30 (if present)
it R thehé@@m duegctmlq ameteﬁnbfed}?mt d@ﬁipg?steatmmvte?tlomt g%_a pmcylsetryh <fl the otn
r?g or _exanpl e, e following a lbu%nm) S: & |0ngea;§:P cor%ooen
top YGE cSORKTGR| DS ekreased. byo from abowdPlgeoke ArowoRL s,
o SR TR DY 0% T BR08S AT LoV i S5 th
remai ning corrpg}nen(?l%‘lg}i separaﬁ’ely #\@6 ejgpogyrrer s8I ﬁﬂ}i)gﬁ ﬁ &

polymer solution before adding the additive of present invention.

Although there are no particular limits to the concentration of the

polymer solution, the polymer solution in present invention generally has a
20 concentration of from about 50 to about 350 g/L.

Components A, B, C, D (if present) and E (if present) in the additive
of present invention, independently with each other, can be used directly,
such as used in commercial available form, or can be formulated into a
solution with a solvent before use. The solvent can be a solvent identical to

25 that used in the polymer solution, can be water (i.e. component E of
present invention), or can be any solvent that does not impair the effects of
present invention substantially.

There are no particular limits to the addition mode of the additive in
the method of present invention. Components A, B, C, D (if present) and E

30 (if present) in the additive can be added, in desired amounts, into a
polymer solution through, for example, the following addition modes:
adding each component separately into the polymer solution;
-10 -



m xi ng all conponents together and then adding the resulting m xture 5 into
t he pol yne sol ution. Cenerally, there are no particular limts to the
addi ti on sequence of said conponents or m xture(s) thereof. After the
additive is added into a polymer solution, mxing is conducted. There are
no particular limts to mxing tenperature and 10 m xi ng period. For

le, th h X . - t F
exanpl o, t her WO BRARRLY AiSATCES) IR By, miXing by 3] theRCor For
pr ef er abfiorf ¢ @M panestits2amd rehvaidingt c@fiponent(s) $bpagateky lihed the polkymet

can determ ne the using anmount of the additive of present invention
proper | ysoluttdmguer wi shing to be bound by 15 any theory, it is believed that

th I | .of the, additi f t ti i I .to th
content and THERGAILGPOMRNSAT WEche g {arnilding 1% FaMing soinre
ﬁ;;agﬁgsral ![iﬁ%otl}gg &g}éﬁéo@ﬁﬁﬁ’%tem or nol ecul e wei ght of the polyner, the

€ additive. The anmpbunt of the additive used

general 'y i sGleheiaHRouhede 4et aoapanticilf%dinzls proettke add ditiororsegenice0ot %
to about 6.0% and ndre preferably fromabout 1.3%to about 5.0% on the

basi s ofsaidecamipgmends armmistines) thereofaccording to an embodi ment of
present inventd on, .the onent E er (in whole i t . ], xed
with corrpone‘lél"cﬂ Ahé c?r&%r{g’rﬁj ]tshearfi‘ﬁ%ijelfﬁi%nt% Pﬂb’lﬂgﬁrry:?@rlgﬁép)at ﬁﬁ%lﬁgr 7
conpone e d i h O el
conngoneﬁ%@qgegidmlﬁt Sﬁ tg hgl%pﬁalfrtrglﬂsagl ltjitn;§ g:%%b ﬁl%felﬁgr a‘{?*ﬂ)}) ?ﬁgﬁe a?rcladno
limie taixhe tpaésdofFohexaopler thien motingetesperatores cah beedrorn about

i nvention. For exanple, said _polymer can be any, polyner tha

obt ai nect iMHJuighabenith i (poFpredxamplontlee mmm&pemq/ﬁ@nﬁz%&?@%eabout
P or 1958 SRR o e RBAY SN BbbE WA BERBIRT ARl EoLY
5035 SoLeS hemoslamupash e 6. YohoRAGmnd PO AR of the
copol ymerdditinteadifepeesapirnentionr prepedyol Without wishing to be bound by
15 any theory, it is believed that the use level of the additive of present
invention is relevant to the content and the molecule weight of the polymer
in the polymer solution. Generally, the higher the content or molecule
weight of the polymer, the higher the use level of the additive. The amount
of the additive used generally is from about 0.4% to about 7.5%,
20 preferably from about 0.7% to about 6.0% and more preferably from about
1.3% to about 5.0%, on the basis of the weight of the polymer.

According to an embodiment of present invention, the component E
water (in whole or in part) can be mixed with component B and/or C and
then added into the polymer solution, or component E water can be added

25 into the solution after all other components are added into the polymer
solution.

Generally there are no limits to the types of the polymer in polymer
solutions of present invention. For example, said polymer can be any
polymer than can be obtained through solution polymerization or bulk

30 polymerization. According to an embodiment of present invention, the
polymer in the polymer solution systems in which the additive of present
invention is applicable is selected from polybutadiene, polyisoprene,
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et hyl ene- propyl enecopol yner,

et hyl ene- propyl ene- et hyl i dene- 2- nor bor nenecopol yner, 5

et hyl ene- propyl ene-di cycl opent adi ene copol yner, polyi sobut ene,

i sobut ene-i soprene copol yner, isobutene-p-nethyl styrene copolyner, and
etc. Generally there are no limts to the solvent used in the polyner

oo o PaHLo BT bURIR Sbn e oPERR, SR Hifade oty A
Accor di siyreaeaisoprendi nesdpdfymegsertbuiadientiigoprenedtepdnent copolhedie

sol vent used in solution polynerization or bulk pol ynerization. According
to an eﬁﬁddﬁﬁﬁnlt)l‘(lﬂy]@l@sent i nvention, the solvent used in theopolynesr,

sol ution.i s sel ected from,alkane | kepe, cycl oal kane, aromatic 1
hydr oca?g’éa,enﬁép Hgégﬂgﬂl ?ng\'@' H,QTBPHP@){‘? her eof . It | §05’&?V€Wd
that st h hisl 51l L i when_.Aj .th a ion
sol ut5i oﬁt o%’%lgi Ir%for@llle?lve?ﬁg{%crlb Pg\?édrl]fgyhgol yrre?st)ﬁzfﬁl\sgr’ can ter%?%tg%&ﬁ Vi ng
or growisobuytehgrBoproae rccqytﬂyméf,iicsbbmm:ueqﬂdneﬂ%d eny ddpoliymer,adandg or
catal ytic active centers, so as to tet '"innate 20 polynerization reaction
effecti ¥8l.y. Mreover, said additive of present invention can reduce the
Vi scosity o lutiaq stantially. For exanpl e he viscosity
of the p)o/I yﬁ%‘%ﬁhmhﬁ%ﬁ%{b zlgﬁbliﬁint@yﬂlpoﬁ? ‘b"&t& US54k, 4B ;‘Bf_bul?ogel)aef
rel ati veoh@idheoy prosrty i eht1®nP O THBRE %@iﬂ%g@finb%ﬁgr ﬁrtﬁ%&f 'féleﬁ ahe
additive. The additive of present invention achieves 25 the dual effects of
t er iDnaappropuibiersolrent acooedeng oo, cfopleaaanhple,t Hiaritppei of ﬂlh'ev ipadynier.
rowi ng,pol ymer chai ns d .destroying the jnitiating of catalytic actjve
gent ergﬁ‘:&r‘?&g’f%%lﬁei%e\m @Qélinte}ltdﬁ BB‘FWH%‘&QIW%M%UL@&QH%W?.bel' 8 the

aner oy 3o FRFLin sBIFAbh o Gk AR bF B ACABRAETH At v R B *
concent {@taroRndbod i ehe! IMpreSOMih eontiBhodte! s¥lvenhtalde@UirP¥he ﬂ@%mer
addi tive of present invention, due to reduction of viscosity of - I2 -

pol ynerselaitian onis i seteqied! e foomr ealkang, t tldkenans poydlaalkane e siasoamatec and
ener ost of .hi gh-vi scosi t ol ymer solution and thus is beneficial to

i nc#gésﬁya&%@h@gmaﬁ@aﬁpﬁérﬁ%n%nxénu%ti%ﬁ,tﬁsr ctivity and out put f and
to maintain AV . jot- i e at. . 5
the additi vleplfsggﬁgh‘l’t%g?{r% tlhﬁ:t ?ﬁgﬁb‘ég;grfeﬁ F%Sr%i tclgﬁﬁﬁ%e%ﬁam%ez@;&{%@

pol yrera gyelyinver eggctivacssitainn idontamiappli®dng or growing polymer chains,

can terminate living or growing polymer chain ends efficiently and can

destroy the initiating or catalytic active centers, so as to terminate
20 polymerization reaction effectively. Moreover, said additive of present
invention can reduce the viscosity of a polymer solution substantially. For
example, the viscosity of the polymer solution can be reduced by from
about 20% to about 90%, relative to the viscosity of the polymer solution
before addition of the additive. The additive of present invention achieves
25 the dual effects of terminating polymerization reaction completely
(terminating living or growing polymer chains and destroying the initiating
or catalytic active centers) and reducing viscosity of polymer solution
substantially. Thus the additive of present invention can reduce the
transportation resistance and energy cost of the polymer solution and is
30 beneficial to increase concentration of the polymer solution, productivity

and output.
The additive of present invention, due to reduction of viscosity of
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The follow ng non-limting exanples are provided to further illustrate 10
the invention. Testing procedures: 1. Viscosity of polyner solution:
determ ned by using Digital Rotational Visconmeter N DJ-5S from Shanghali
Hengping Scientific Instrunent Co., Ltd according to GB/ T2794-1995. 152.
Wi ght average nol ecul ar wei ght of polyner: determ ned by using Mde 1515

1 e R T o e e e e
four colambrgytiEast HiFhighisvizeastilo pody nicreqolwted: apd utliuyg 12 betfieil: to

tctrahydrof uran; tenperature: the calibration is (ggéf,o_r med by usi ng
pol yst yriagecasecuantramonr pfl e palyimer sotption, produetavitynandsoptpn

di f Ti anj i il Chem cal ~Scihenti.fi dT .. Ltd;
S5sebacrnchtd Jneditaihaniadia alafes FabHS RuEred, it S bRbeve hhal gt of
Ho i 3 . . .. I , ; ,
ot ol HRCAHERivEDSS hifitained HTANG pobyiticieARdICHACtarthREPSARANIL: the
nol ecul Zp’o]\yﬂlgﬂ‘]aﬁd i&npmf@?rboesgﬁbiﬂit ine Chemcals Co., Ltd; 30Cal ci um

e

stearate, sodi um dool ecyl nzene sul fonate, N, N-di nethyl octadecyl
ammoni um chl ori de, sodi um pol yacryl ate, sodi um pol ynmal eate, ammoni um

pol yacr )ﬁ)?ér% ﬂggti al esterified styrene-nmaleic anhydride

The following non-limiting examples are provided to further illustrate

10 the invention.

Testing procedures:

1. Viscosity of polymer solution: determined by using Digital
Rotational Viscometer NDJ-5S from Shanghai Hengping Scientific
Instrument Co., Ltd according to GB/T2794-1995.

15 2. Weight average molecular weight of polymer: determined by using
Mode 1515 Gel Permeation Chromatography from Waters Corp. under
following conditions:

solvent: tetrahydrofuran; polymer being formulated into 1.5g/L
solution; four columns HT3, HT4, HT5 and HT6 being equipped; eluting

20 solvent: tetrahydrofuran; temperature: 30°C; the calibration is performed
by using polystyrene standards.

Materials used in examples

Butadiene, styrene and isoprene, from Tianjin Lilang Chemical
Scientific and Tech Co.,Ltd;

25 sebacic acid, octadecenoic-9-acid (A) and stearic acid, from Jinan
Hongxin Chemical Co., LTD;

Ethanol, ethylene glycol, isopropanol, butanol, cyclohexanol, glycerol
and polyvinyl alcohol with different molecular weights, from Beijing Yili
Fine Chemicals Co., Ltd;

30 Calcium stearate, sodium dodecyl benzene sulfonate, N,N-dimethyl
octadecyl ammonium chloride, sodium polyacrylate, sodium polymaleate,
ammonium polyacrylate, partial esterified styrene-maleic anhydride
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- 13 - copolynmer sodiumsalt and partial esterified maleic
anhydri de- net hyl net hacryl ate copol yner sodiumsalt with different
nol ecul ar wei ghts, from Beijing Tongguang Fi ne Chem cal s Conpany;
Stearyl 13-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, 5

2, 4-Dbi s(n-octyl thionet hyI )- 6- met hyl phenol ,

2, 6-di | , Bh G
N sopr%gefﬂ}qﬁw gég Mngéﬁgﬁlﬁem h@ﬁ@@ié e%n“?% ’P{iﬁe{r}‘?tﬁg)l
Co., LtrhethacExatel eopolymeknsodmmolsyallrerwzt&nt idiffexest emslecudamni weights, ng

or growi.ng pol ybutadi ene chains and hexane produced via the solution
pol yrrerfrpétllféﬂumg Hanggearg ikingdkhemigals maaﬁb’xed l'iquid of

3000 (0, oo 15 P (575 - BrChartbtrs PR RIS R DBk Bl o)
\ilh:rg: rS]Qm-‘b‘iﬁeﬂ)b'@'t?nﬁime)thgr?”ﬁlfgﬁékﬁﬁ’gﬂ?énép) and wat er (E) wer e added,

unts of conp D and E were respectively 0.25%
0.28% D,628lstedt-Dutphd- meﬁMyﬂJphe?Oth omrl(hexh)decyl)of p(pﬂwsyﬂﬁtb ene and
ol ymer nd where the ratio o stear 90 04
f’_ﬁe’rt ?gp_pr@{ml ﬁ enyleae qr@?ne,of?)rom J1Y1 Chemical(Beijing)
2,4-bis r& oE%althl orret hyl ) - 6 rret hyI phenol (D) was 3:1 by weight. It was
m xed f mMn and the viscosity of the polymer solution was decreased
from 22000 nPass to 3300 nPas (decreasing by 85%. The nol ecul ar wei ght of
the polyner was maintained unchanged after the polyner 25 solution was |eft
to éﬂanéxﬂmp]:%k hours. The weight average nol ecul ar weights (My) of the

pol yner, er mxing.for 0.5.mn and after bei Ief . stand for 168. hours,
were both ai%'iﬁhd a1, HOlypeerizating e SYStHILNt GORT %ﬁ?&er AR onOEy SFRHVING

com o SOBRI 081 0 RSB S POe LR BOR BB | o
oct adecefiutadi@set dn hexane at 35°C, a mixed liquid of octadecenoic -9- acid
(A), butanol (B), sodium polyacrylate having a Mw of 8000 (C), stearyl
15 B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (D),
2,4-bis(n-octylthiomethyl)-6-methylphenol (D) and water (E) were added,
wherein the amounts of components A, B, C, D and E were respectively
0.25%, 0.28%, 0.25%, 0.2% and 1.0% by weight on the basis of
polybutadiene  polymer, and wherein the ratio of stearyl
20 PB-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (D) to
2,4-bis(n-octylthiomethyl)-6-methylphenol (D) was 3:1by weight. It was
mixed for 0.5 min and the viscosity of the polymer solution was decreased
from 22000 mPaes to 3300 mPaes (decreasing by 85%). The molecular
weight of the polymer was maintained unchanged after the polymer
25 solution was left to stand for 168 hours. The weight average molecular
weights (Mw) of the polymer, after mixing for 0.5 min and after being left
stand for 168 hours, were both around 1.5%10°,

Example 2
30 Into a polymerization system containing living or growing
polyisoprene chains and isoprene produced from bulk polymerization of
isoprene, at a temperature of 15°C, a mixed liquid of octadecenoic-9-acid
-14 -



- 14- (A and ethanol (B), a m xed solution of calciumstearate (C) and
water (E), and 2,6-di-tert-butyl-4-nethyl phenol (D) were added
sequentially, wherein the anbunts of conponents A B, C, D and E were
respectively 0.8% 0.8% 0.8% 0.3%and 2.0% by weight on the basis of the
pol yi soprene 5 polymer. It was mixed for 10 mn after all conmponents were

TPass iK/ﬁB@BH@L RN e R ST e M S e
Stand 1 1" 43 o @?&Wmfﬂ‘ﬁg‘?ﬁgﬁﬁ?’éﬁ?‘?‘&?‘é ) 3?‘”1652“10

pol yrrEr thef agrounitsi g ¢ompments AndBaf Cer Doaindg B everstrgspectivels 6
Pt ng oh8% ol oor 8 S0 ok 202 DLkt hi” Bl st vof Sheand 'lé‘{aﬁﬁgm

m xtw e éﬂi(': Sf‘i‘lﬁ&edltfmg‘ 1?1‘?&?8 5t P@'r}ﬁ‘i‘ﬁrdﬁé‘xi hﬂ”chaﬁ i e@ﬁ’f;se%&b Mdded in and

hexane- exane solvéent m xt enper

oct adecethel ﬁrs%o@cﬂydof"the pohynensscduyionl wd deeetysddfrom ¢2600 haRasgta My
of 35000 ( a m xed solution of partial esterifijed styrene- mal eic

anhydri d& gnPy'mr(dﬁm'cam@My %aviTee anpleenlasowmighy eihih evap@luymgy

ET(hex e phaingide abRph; ishemgatt FTE Bhe oM eP lition Has' It «
of Cogp%?ﬁﬂaﬁftd%én@thﬁﬁrgas HEw @ﬁf %V'éf%gt?%gl’é‘dtﬂaﬁj v?élréeht%% (g/lg@ Yo Qf fiye and

1. 0% I ene wher el n

the 1@t ipo gmmlmftter haixaen fer ih0 enén gint aftanbennt ﬂefmstaml dohot8 em13Q: 1,
the ratio ht bet yeen stearyl

[ 3- (3, 5-WELe bﬂﬁh&ﬁgﬁ fl)-hydr oxyphenyl ) propi onate (D) and tri (hexadecyl)
phosphite (D) was 40:1. It was mxed for 20 mn and the viscosity of the
sol ution was decreased from 6300 nPas to 1400 nPas (decreasing by 30 779.
The nol fp wey ght of the polynmer was naintained unchanged after the

pol ynmer solution was left to stand for 24 hours. The wei ght average

mol ecul ar wdingbt sa( Mpblpmdrieatpohyneysteaf t econtainigg f ohiv2dg mi or - gowinmd
At e1r5 b%origlblu%;cthe%ea%%glﬁg z%rélld hﬁlej)r(gnemg}gcelolljl%txgnse géf'\?gnt IrEnXg(tulrg f)lroduced
from solution polymerization of butadiene in hexane-cyclohexane solvent
mixture, at a temperature of 25°C, octadecenoic-9-acid (A), ethylene
glycol (B), polyvinyl alcohol having a Mw of 35000 (B), a mixed solution
of partial esterified styrene-maleic anhydride copolymer sodium salt
20 having a Mw of 5000 (C) and water (E), and stearyl
B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (D) and tri(hexadecyl)
phosphite (D) were added sequentially, wherein the amounts of
components A, B, C, D and E were respectively 0.95%, 1%, 0.25%, 0.5%
and 1.0% by weight on the basis of the polybutadiene polymer, and
25 wherein the ratio by weight between ethylene glycol and polyvinyl alcohol
was 20:1, the ratio by weight between stearyl
B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (D) and tri(hexadecyl)
phosphite (D) was 40:1. It was mixed for 20 min and the viscosity of the
solution was decreased from 6300 mPaes to 1400 mPass (decreasing by
30 77%). The molecular weight of the polymer was maintained unchanged
after the polymer solution was left to stand for 24 hours. The weight
average molecular weights (Mw) of the polymer, after mixing for 20 min
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At a tenperature of 25C, 2,6-di-tert-butyl-4-nethyl phenol (D), a 5 mxture

of sebacic acid ( A and isopropanol (B), sodium pol ymal eate having a Mwv of
3000 (C) and partial esterified naleic anhydride-nethyl nethacrylate

copol ymer sodiumsalt(C) having a Mv of 2000 were added sequentially into a
but adi ene-styrene copol yner/ cycl ohexane sol uti on, wherein the anmounts of

conpone I e LV 9 88% 0.18% and
0.22% b?ﬁé\é‘fé%l?bgﬁlg Eéeﬁbéggiﬁ@ 01‘r ﬁgﬁ%gfﬁhg{éefﬁ]e&s@iygéénxe?%dpol ynmer. The

but adi ene-styrene copol ynmer/cycl ohexane sol uti on was obt ai ned by di ssol vi ng
t he but adi ene-styrene copol yner into cycl ohexane with a concentration of 80
g/ L. | t Exagaphexdd for 5 min and the viscosi ty of the solution was decreased

ol coul ar weYGhEETHLGE Phe Sty mero-driat-Hhintny memuliehel @5 ¢ of
Dol ng | Glikusictt {Gbad HEHT S,  HOT kPt bodrchatl® (B ARGy AVBAIchte
pol ymeri zation system containing’living row ng fsobut cne-1soprene

copol ynkavirgiandandhzee6e(Chlardpartad avbrifivd malaic eamhpdridednfatbyl

sol ution pﬁl ymeri zation of i sobutene-j sosr ene i n hexane-chl or oet hane m xed
sol vent methagrylate sienalysner sodoan saki(Q) hasnghatMiw 072000 preseoaddey, a
m xture ol.ei cid 25 and et hyl en | veol and sedj-um
dodecyl S%‘L‘ﬁ%@ﬁéﬁgullﬁﬁa?‘e Q%%%%—Sm S %Qﬁf%ﬂ:%xd&ﬁé?(glﬁ tsﬁgujfil%]u nts
of conpeiribi AheBantodfits BIVEbMpPSIARG! ACB, € SihdODP Wefe %ﬁ@éti@gﬁ% by
wei ght on the basis of the isobutene-isoprené cdpolyner. It was m xe or
10 Dn hitYot h®).88860s0t M8 %, tamel sOL22Yonbywasweeghtasad fhroonb3sB0 aPashéo

2100 nPas ?éﬁ édecreasi ng by 329 .. The nol ecul wei ght of the pol yner was
mai nt ai ARRAIEBRAHYEBNGT t er t hEOBBIYREL- sol uti oGwas | ef tDRRdIERAS RN 4

i xi g §OPoeR e BIBRRRELES, SO0 R 2 SR | BS, Ui Rving, The
4.5 x10putddienel sty®chbt oo Rah¥rEhtd Ayicdohexahevidnhat8h88ntraYioid o' 80

growi ng 5 pol ybut adi ene_and "hexane- cyCl ohexane sol vent m xture produced
from sogilti Brwasimized farioomiof andtthdiwiseosityhek tne solutionewasalecareased

i I havi ,
B o PR oY) BSR4, Bt oe02nf Sheragar
P- (3, 5- fis1b&hlarPWotkhts XIS P 1RV IR 8L, CLfAEE thB i Yor 5 min and after
being left stand for 48 hours, were both 2.5x10°.

Example 5

20 Into a polymerization system containing living or growing
1sobutene-isoprene copolymer chains and hexane-chloroethane solvent
mixture produced from solution polymerization of isobutene-isoprene in
hexane-chloroethane mixed solvent, at a temperature of -80°C,
2,6-di-tert-butyl-4-methylphenol (D), a mixture of epoxy oleic acid (A)

25 and ethylene glycol (B), and sodium dodecyl benzene sulfonate (C) were
added sequentially, wherein the amounts of components A, B, C and D
were respectively 0.5%, 0.5%, 0.4% and 0.3% by weight on the basis of
the isobutene-isoprene copolymer. It was mixed for 10 min and the
viscosity of the solution was decreased from 3100 mPaes to 2100 mPaes

30 (decreasing by 32%). The molecular weight of the polymer was maintained
unchanged after the polymer solution was left to stand for 24 hours. The
weight average molecular weights (Mw) of the polymer, after mixing for
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to N-isopropyl-N -phenyl - p-phenyl ene diam ne (D) were added sequential |y,
wherein the anmounts of conponents A B, C and D were respectively 0.5%
0.6% 0.6% and 0. 2% by wei ght on the basis of the pol ybutadi ene pol yner,
and wherein the ratio by wei ght between isopropanol and cycl ohexanol was
1: 20, the weight ratio of stearyl 15 13-(3,5 -d i-tert-b

utyl-4- i t Riphenyl ene

di am neh\ﬁgﬁﬁﬂ@@&%é%g&% gg@ gha rﬁ%@g{n hg&\%/rleg@gg?@ys o}ethe sol ution
was decreased from 3200 nPas to 2200 nPa-s (decr easing by 31%. The

nol ecul ar wei ght of the pol ymer was maintai ned unchanged after the polymer
sol uti oEx@mpleft to stand for 20 120 hours The wei ght average nol ecul ar

vvelghts(M/v) f t he Bﬁy fter m for émn agf after beln | ef t
stand for 138 ﬂou\"‘s eﬂéﬁ 1Q0 7 §. 1RIBG)| WHEIRE b Pl el F}%n
Syst em ¢ ;:B'u'ﬂé&!ﬂ:dé A g I@éx&ﬁe ﬂﬁoﬂ%&ﬁ %%'168& %‘ﬂxgﬁéagﬁ’og?tgﬂeﬂhﬁaﬁf

sol vent ture produced from s utiton polynerization ne in

hexane- @Mﬁﬁbﬁxa almmlzmdmemf dutadisrpeiat uhexafc-@Cloheraned @bl W ion
of stearic acid and 8I ycerol (B), a m xed soI utjon of N, N-di net hyl

oct gdgcgen?ﬁrtam;mtm&%r d@mmomummlm ?E) avitg 8t Mawyof 15000 (C),

2 4-bi s CHCORATRTNE: AR e sﬁi‘pf oRarel (8 vt sSateheapeh (B jand
wher ei n mungs ph Br¥pichatel /- (Dyspecéﬂd/el y
0. 8% %}?r)g 5%, s(gog}ggw A)by v@ (ﬁ%y onﬁﬂﬂg B&EI S ofe

pol thJt Nuso rop YN?-plmel\A/qﬁph ytlbﬁerchanolrm/(mlvgbte aﬂdsdemquentlally,
13-(3, 5- dl-tert utyl-4-hy drox yphenyl ) propi onate to

2, 4- bi s(Whewaip the @muMS)o cammnm , Ba€ and Dyweragespsedveby 055%o.ni n

dth I
R R B B Y Sﬁfﬁ IR (RThALOWERa heler
unchang%qll(pfvpﬁérélpeﬂg | SRS '\%%% %‘%v&‘e‘%ﬁf i8@p#d lf%hdl%‘ﬂlcfl'@liéﬁanahe
wei ght average nol ecul ar wei he po after nixing
m n and vedg er bei h@0,eft stahd for 1%1ghmrs weratioot h 1008. 1x105steﬁxylh’pl e
Into_a pol ynerization zﬁgstem containing |iving or grow ng

poI yBut d(3 e darferirbpdpt-dohydiesy phesmoRIOnate on pol ymeri zati on of %

but anol. \TesoPEREY Ead: -Hedelts mpuanyFnd dignting, s E55 Ty dxanideddby 3
sequent gy lénd"’gﬁée\'n%cb@ W%@s@fut@ﬁﬁp@%n&éc&asgdaﬂ%rﬁ 3206 mPaes to
respectively O 0.3% a d 0.25% on t asi s of the pol ybut adi ene

pol ynmer 2200 waPaws xeltcreasigriby &1d6) h&'v¢ snodecylaot wiehghpaify tiee salymenn

was maintained unchanged after the polymer solution was left to stand for

20 120 hours. The weight average molecular weights (Mw) of the polymer,
after mixing for 3 min and after being left stand for 120 hours, were both
3.1x10°,

Example 7

25 Into a polymerization system containing living or growing
polybutadiene and hexane-cyclohexane solvent mixture produced from
solution polymerization of butadiene in hexane-cyclohexane mixed solvent,
at a temperature of 60°C, a mixed solution of stearic acid (A) and glycerol
(B), a mixed solution of N,N-dimethyl octadecyl ammonium chloride (C)

30 and water (E), and stearyl B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate
(D) and 2,4-bis(n-octylthiomethyl)-6-methylphenol (D) were added
sequentially, wherein the amounts of components A, B, C, D and E were

-17 -



20 was decreased from 9300 nPas to 6400 nPas. The nol ecul ar wei ght of the
pol ymer was nai ntai ned unchanged after the polyner solution was |left to
stand for 48 hours. The wei ght average nol ecul ar wei ghts (My) of the
polymer, after mxing for 5 mn and after being |left stand for 48 hours,
were both 4.2 x105. 25 Exanple 9 Into a polynerization system

cont ai nj It 34} rQogr QW bu ( a e

col Ut 1 o Ty O B P in g 1d ARIZ BT BB BTt BRI BE
oct adecthipol§batadidn® ,pA§nbet,anntl (Hlercdnmiird uatieoyackgighite ofagtewryd Mv
of 15008 ((»;5C£ émd wat er (E), were added sequentially, wherein the anounts of
conponeht@,A-ditert- by 1 hyrdroxamhanyVprepmomde 0. 25% 0. 25% and 2% b§
wei ght he, . - - basi f -t he pol ybut adi ene pal yper. It was ;m.xed_for
5orn ano-oheiobbsthig gy Peo sl RIS G MRS £ HIE hias cmtRRAMEGROS
mPa. 5 #finb I hoBlia O i | hed
unc hgngednafzﬁgr{q%ﬁ?%%ﬁ}% ?ﬁl s%tsi%gﬁﬂﬁlgs Qfaesf ?egg@%@né‘f@g wgg)o%%ag ?ﬁe
wei ght B160ende=smbdecrdasingeh g3 4%OMP hef micdlecptdry megighafd£thei pohgmeer 10

B
mn and after .being |eft, stand for 48 hours, were both 4.Qx105. Conparative
exanpl eW8S| Madntaipsdywachanged mites thenpadmemsalition was deftgtcwa;éﬁ) for

but 401 ehe; NOREVaRRe Sfbight diRge, BTG UM SBHE AT Brot BTy Bictiount

of 0. 8%fier iRiiNg €8r Shikaghd et BRiIRS! IEPHSBHETOr AT (Y 'Iﬁful‘é’?ﬁvéi@fjﬁ@th-rh.e

wei ght aver age no ecul ar weight (Mv) of "the polyner, after mxing for 5 mn
and1@ft2rl>pHdng left stand for 24 hours, were determned 15 to be 1.1x106
and 1.4x106, respectively. It was clear that the polynerization was not
term nated effectively, leading to an increasing of nol ecular weight during
st andi ng,g )]ceggsequentl y resulting in an increased viscosity (from 13000
nPas to 370 as). 20 Conparative exanple 2 Into a pol ynerization
system cont Bty NG | ipglotmerization Ndyve@mbutadtfnenandlil ne rogﬂpw@ln rom
the sol utjaon poI_ynerpidzgfﬂilon of but a%l’i ene i%@hteeganeg at IiM{flﬁgerrgigr_a ure oé
50C, etpahdrutadianeand diexasyprpdusioghfremd tietsolutionapalymerfization by

i ght,, bot t he basi f t . .
el 92 'butadieRe in %ex%snles, it a peemperature of 80°C, octadecenoic-9-acid (A),

butanol (B), and sodium polymaleate having a Mw of 5000 (C) were added

=t

sequentially, wherein the amounts of components A, B and C were
respectively 0.5%, 0.3% and 0.25% on the basis of the polybutadiene
polymer. It was mixed for 5 min and the viscosity of the polymer solution
20 was decreased from 9300 mPaes to 6400 mPaes. The molecular weight of
the polymer was maintained unchanged after the polymer solution was left
to stand for 48 hours. The weight average molecular weights (Mw) of the
polymer, after mixing for 5 min and after being left stand for 48 hours,
were both 4.2x10°.
25
Example 9
Into a polymerization system containing living or growing
polybutadiene and hexane produced from the solution polymerization of
butadiene in hexane, at a temperature of 50°C, octadecenoic-9-acid (A),
30 butanol (B), ammonium polyacrylate having a Mw of 15000 (C) and water
(E) were added sequentially, wherein the amounts of components A, B, C
and E were respectively 1.0%, 0.25%, 0.25% and 2% by weight on the
- 18 -



25 pol ybut adi ene pol yner, were added. The wei ght average nol ecul ar wei ght
(Mv) of the polyner, after mxing for 5 min and after being left stand for
48 hours, were determ ned to be 3.5x105 and 5.8x105, respectively. It was
clear that the polynerization was not telm nated effectively, leading to an
i ncreasi ng of nol ecul ar wei ght during standing and consequently resulting

20 i g ! € gl ! .
1 apfeif L EFREE HotEBRpdicde SORIHEL TR s mRE RS mir MdPhe
pol ynmer vaetositprof teepolynier sdhitien orhbakedreasedifiom 960(BmPa-ste @0

C. an salt which is sélected fromthe group consisting of an alkali netal
salt, amBaral The molaculer aveight of stheapedymen seas nmaaimtainedunchangadof :

Compr | ST itﬁ??i»% i aSPluHanSaAS TRl HPoRPIKD IGrody Dones Thg WEIEHE"
aner o) n PRESEaPEuBt FRiEhss VAP IAL,pIRAEF el gttt TR ain, e

are respeqt afierbeihgulebYtad for A8 hoaboui chebaithus . 045P0° about 2% about
40% about 2% about 25% and 0-about 60% on the basis of the total weight

of the additive; and preferably the contents of the conponents A, B, C D,
and E irgt he adgii tive ar rfspecti vel y about 8% about 48% about 8% about
20 43% %Harﬁ}évz?o%?ngg% about 4% about 20% and about O0-about 55% on

t he basis of e Lot i th hti seerd ddht i v :
accordi ng tohlgttrily %f @Fm&ﬁ%@&%e&lﬁ%ﬂ?hg@%gﬁ% t lzog% bgglill i%rogg}ncg IS
at | mastpalybused ettednd dioxane prodncednficahi tie golativat podyattratatpbat of

acid having 6-26 carbon atons, an . cy o
butadiene in hexane, at a temperature of 60°C, octadecenoic-9-acid in
amount of 0.8% by weight on the basis of the polybutadiene polymer was
added. The weight average molecular weight (Mw) of the polymer, after
mixing for 5 min and after being left stand for 24 hours, were determined

15 to be 1.1x10° and 1.4x10° respectively. It was clear that the
polymerization was not terminated effectively, leading to an increasing of
molecular weight during standing and consequently resulting in an

increased viscosity (from 13000 mPass to 37000 mPa-s).

20 Comparative example 2
Into a polymerization system containing living or growing
polybutadiene and hexane produced from the solution polymerization of
butadiene in hexane, at a temperature of 50°C, ethanol in amount of 0.5%
by weight and water in amount of 0.8% by weight, both on the basis of the
25 polybutadiene polymer, were added. The weight average molecular weight
(Mw) of the polymer, after mixing for 5 min and after being left stand for
48 hours, were determined to be 3.5%10° and 5.8x10°, respectively. It was
clear that the polymerization was not terminated effectively, leading to an
increasing of molecular weight during standing and consequently resulting

30 in an increased viscosity (from 4000 mPass to 10000 mPaes).
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25 unsaturated aliphatic acid having 6-26 carbon atons, and an aronmatic
acid having 7-26 carbon atons 5. The additive according to claim 4,
wherein the conponent A carboxylic acid is at | east one selected fromthe
group consisting of a saturated aliphatic acid having 10-20 carbon atons,
an unsaturated 30 aliphatic acid having 10-20 carbon atons, and an aromatic
acid having 7-20 carbon atons; pr @%@IMSe conponent A carboxylic acid
is at |east one selected fromthe=group—consi sting of decanoi c acid,
undecanoic acid, - 20 - dodecoic acid, tridecanoic acid, nyristic acid,
pent adecanoi c acid, palmtic acid, heptadecanoic acid, stearic acid, .
hexadeccnoi ¢. adiial, agdehitivec ifui deaminating apetyaicsinsitionciamd/or reducing

oct adecat ri entoi [0 acild ei cosat etraenoi ¢ .acid, ricinoleic acid, epoxy oleic
aci d, sePsOSEYASf ROLyh. 1Y CAUPYISIBE: | decanedi oi ¢ aci d, benzoic

aci dg met hyly bepagh Gedcift hyl benzoic acid, propyl benzoic acid, butyl
benzoic acid, penty enzol ¢’ aci d, hcxyl benzoic acid, phenylacetic acid,
phenyl propi Bnian akishol?, 4, 6-tri met hyl phenyl acetic acid, phthalic acid, and
phenyl ene diacetic acid, 6. The additive according to any of clains_1-3,
wher ei n thecloaléosﬁibri\@ﬁicls ig) solgsted stram |thgsgronp eensisting fafoant akaji oup

ar cono el gty 4t BRlE GG Biedr I A sty R ARGIn g fhETERC
wei ght - giegeageandl ecul ar wei ght of about 1,000 - about 50,000. 7. The

additive according to claim®6, wherein the conponent B is at 15 | east one
sel @0t ed fr Hmopteomaldypweadesi sting of nethanol, ethanol, n-propanol,

pent aer yt hi 21 SIE AQHERERICCOF IR i S TRept BHORET BeEbingIocanol .
o veol . gi yEor Bt 1BaSEIBlee RIEet CROGY U ofin’ SORHEIAE ot BhoR1iEES o
pol yvi Z%heﬁbgc&m _a‘ﬂi édted Wei ght - ayer age nol ecul ar \_/vei ght of about 5,000 -
about , 000,” 1, 2-ethanediol, 1,2-propanediol, 1,3-propanediol,
2, 3- di met hy3- 2I'e hadditises cigcardingi teetdlnimi 23- pheremedibe contentstcdhéelie ol |,
T S1erkamparnt & oBhe bockfonfd & fihdReoadditive s fapeatgicly 2gbout
2 & pensanedbale dof DSIRIRC byl S eyBloy | ASENCIlo, ooyt
di et hamdYavabisut X566 barid |G dan 60841 vm the thayis Yo ftleé haedll §igdit of the
additive; and preferably the contents of the components A, B, C, D, and E
in the additive are respectively about 8%~about 48%, about 8%-~about
20 43%, about 4%~about 38%, about 4%~about 20% and about O~about 55%,
on the basis of the total weight of the additive.

4. The additive according to any of claims 1-3, wherein the
component A carboxylic acid is at least one selected from the group
consisting of a saturated aliphatic acid having 6-26 carbon atoms, an

25 unsaturated aliphatic acid having 6-26 carbon atoms, and an aromatic acid
having 7-26 carbon atoms.

5. The additive according to claim 4, wherein the component A
carboxylic acid is at least one selected from the group consisting of a
saturated aliphatic acid having 10-20 carbon atoms, an unsaturated

30 aliphatic acid having 10-20 carbon atoms, and an aromatic acid having
7-20 carbon atoms; preferably the component A carboxylic acid is at least
one selected from the group consisting of decanoic acid, undecanoic acid,
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3 -diisopropyla mno-1, 2-propanedi ol , 1, 2-cycl opentanedi ol ,

1, 3-cycl opent anedi ol , 1, 2- cycl ohexanedi ol , 1, 3-cycl ohexanedi ol, 30 1

, 4- cycl ohexanedi ol , 3- met hoxy- 1, 2- pr opanedi ol , cat echol

2- hydr oxynet hyl- 1, 3- propanediol ,1,2 ,4-butanetriol, 1,1, 1-tris
(hydroxynet hyl ) et hane, 1, 2, 6- hexanetriol, -21 - 1,1,1- tris(hydroxynethy

1) pr opantydecoid a@ﬁtﬁ}tﬁﬁ%‘c%h@ic ajc’iahg}ifﬁg{iet’%?é‘iﬂ?‘i}eﬂtﬁhecé’ﬂéﬂgﬁkicﬂ'palmitic

tri et hanolam ne, sopropanolam

1- [N, N- hicid 2- hestacbexahbyt ) avid)obteariv onadg! heRadeoxosideedd, asothdectnbic

threitol, 1,3-dihydroxyacetone diner, glyeeral dehydc dimer, fucose, 5,

2- deoxy-agad acnetadecadienoic qicadpsastadecatidenowt tagid, seigoisatetsacngimaeid,
fruct os

ib : | , I : I act : t t : . .
el | bt odanQIls { BPI.cshnTr SHFRgciainasEDaSlA | f6I> rnfiFaRediaig acid,
sorbig olg.; : di\LLVYE; dj - A4t h
“Proid Chridgeantioll geRIChERYBICSERN il 18Rl AU W) ertlfpelad:he
r espect ipteipy1badidieadid, dutyl benzvistaidapentybbenzoic acithosekal benaoic
wherein'thé amoniumsalt is a prinmary, anmoni um salt, a secondary anmoni um

salt, aaced; phenydaoeic aaidaphenylpropioricnaeid, hdoittimethyl pheaytacaily an
| Kyl - substi t DI i It, an ai kyl - substituted d
S ocid) PRUEAIEACTR. Sndopheny (e dids s 36K armont um satt o an

al kyl - substig ut ' | i deli ty i
to ZI a?lrjn Z I%e’r?gleg (gﬁéica)erm%%nen{ égmsﬁgt ElPgas(%f 0‘213 1se eggsei’:j !%r%é{iﬁgﬂgé ggp

consit igegnpbneadiBmisbhel dseat Iedstione sebestedefroandhenpodeptconsistinguot
ol eate, potassium stearate, sodiumlaurate, calciumlaurate,_ pqtassium

| aur at e arsabiphatiwoalasholbbay g 1sdBf earhan atomse dinarematgatsohalhaving e,
R A T R A R S e
o e ALl SEiACOThpIEIOND COgSs p0pct sdecy) amonum
ammoni um chlpr Tée, additive according to claim 6, wherein the component B is at
15 least one selected from the group consisting of methanol, ethanol,
n-propanol, i-propanol, n-butanol, i-butanol, t-butanol, n-pentanol,
i-pentanol, pentaerythritol, n-hexanol, i-hexanol, heptanol, octanol,
decanol, dodecanol, cetyl alcohol, stearyl alcohol, ethylene glycol,
propylene glycol, glycerol, cyclohexanol, benzyl alcohol, 2-phenyl ethanol,
20 a polyvinyl alcohol with a weight-average molecular weight of about 5,000
~ about 40,000, 1,2-ethanediol, 1,2-propanediol, 1,3-propanediol,
2,3-dimethyl-2,3-butanediol, 2,2-dimethyl-1,3-propanediol, 1,2-butanediol,
1,3-butanediol, 1,4-butanediol, 2,3-butanediol, 1,2-pentanediol,
1,3-pentanediol, 1,4-pentanediol, 1,5-pentanediol, 2,3-pentanediol,
25 2,4-pentanediol, 1,2-hexanediol, 1,5-hexanediol, 1,6-hexanediol,
2,5-hexanediol, diethylene glycol, triethylene glycol, dipropylene glycol,
diethanolamine, N-n-butyldiethanolamine, N-t-butyldiethanolamine,
3-diisopropylamino-1,2-propanediol, 1,2-cyclopentanediol,
1,3-cyclopentanediol, 1,2-cyclohexanediol, 1,3-cyclohexanediol,
30 1,4-cyclohexanediol, 3-methoxy-1,2-propanediol, catechol,
2-hydroxymethyl-1,3-propanediol, 1,2,4-butanetriol, 1,1,1-tris
(hydroxymethyl)ethane, 1,2,6-hexanetriol,
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25 pol ycarboxylic acid sodiumsalt with a weight-average nol ecul ar wei ght

of about 1,000 - about 20,000, and polycarboxylic acid anmoniumsalt with a
wei ght - aver age nol ecul ar wei ght of about 1,000 - about 20, 000. 10. The
additive according to claim2 or 3, wherein the am ne of conponent Dis
selected fromaromatic am ne, the phenol of conponent D 30 is selected from

hi nder e 1phe nponent D is sel ect r | ate
ester aﬂ&,gﬁ@g&%@-gx&meﬁ@;ﬁﬁ%a%di tive according tng’gi %E?@{év\{ﬁearqéi n -
22 - 1,3,5-¢ e ohrexmmicitei odipyerogal iol, | edethamslaseinest adisopropaielgntue,
consi sting_of diphenyl am nes, p-phenylene diam nes, dihydroquinolines and
deri vat 1w[g\i,l\éfbmfmdr@xyﬁhyhmmm@}ﬁrpmgan@l, a-tleasyrinses eesythudtal; om

i L-N -ghenyl- p-ph di.am ne, N-(1,3:di hy).but y1)s 5
v aner Rt s SRR ORE L g ARG, e,
. : , N _ P - 1 i - { ) 14
T he e & ol ARl RIS Mol TSGR BRosk
-tri nethipbdse, ydosy,dxphplosep ghlactese; heatmoskr gapbseofructost, hedhioves

sel ected fromthe group consisting to of2,6-di-tcrt-butyl-4-nethyl phenol,
2, 2" - medlPitgle he ﬁf@@cwyc@fl@xan@uxym@hernanp,ltol, and sorbitol.

2,2 -nmet hyl gn LS hyl-6-taft-butyl - .. 4. 4%-bu.ty 1idenebis(;3
“rethy - 62t Sr cTBecAf T b ppding 8 Bl 0T el hetein JRECRUTHR) an
15 2, 4-RietaD- 941ty 14t OHREAIhE - SafBi hildthBnehlt & component C salt are

10 respectively a carboxylate, a sulfonate, a sulfate, or a phosphate; and

wherein the ammonium salt is a primary ammonium salt, a secondary

ammonium salt, a tertiary ammonium salt or a quaternary ammonium salt,

preferably an  alkyl-substituted primary ammonium salt, an

alkyl-substituted secondary ammonium salt, an alkyl-substituted tertiary
15 ammonium salt or an alkyl-substituted quaternary ammonium salt.

9. The additive according to claim 8, wherein the component C is at
least one selected from the group consisting of sodium stearate, calcium
stearate, sodium oleate, calcium oleate, potassium stearate, sodium laurate,
calcium laurate, potassium laurate, sodium dodecyl benzene sulfonate,

20 sodium  tetradecyl = sulfonate, sodium hexadecyl  sulfonate,
bis(2-ethylhexyl) sulfosuccinate sodium salt, sodium dibutyl naphthalene
sulfonate, sodium lauryl sulfate, sodium polycarboxylate, octadecyl
ammonium chloride, dioctadecyl ammonium chloride, octadecyl dimethyl
ammonium chloride, octadecyl dimethyl benzyl ammonium chloride,

25 polycarboxylic acid sodium salt with a weight-average molecular weight
of about 1,000 ~ about 20,000, and polycarboxylic acid ammonium salt
with a weight-average molecular weight of about 1,000 ~ about 20,000.

10. The additive according to claim 2 or 3, wherein the amine of
component D is selected from aromatic amine, the phenol of component D

30 1is selected from hindered phenol, and the ester of component D is selected
from carboxylate ester and phosphite.

11. The additive according to claim 10, wherein

= PO =



the ester is at |east one selected fromthe group consisting of stearyl p
-(3 ,5 -di-tert-butyl-4 -hydroxyphenyl) propi onate, dilauryl

t hi odi propi onat e, di nyri styl thiodipropionate, distearyl thiodipropionate,
trioctyl phosphite, tri(decyl) phosphite, trilauryl phosphite and 20

tri (hexadecyl) phosphite. 12. A method for term nating pol ynerization

2ddi £ ve- acaBFriTBER, anific R Y TRastBht' sored froffl ke S6LBRchisting,
then m >6f“9dif ngﬂsuhhilﬁ&sm XE Reh9lerdbodiathihes, aldily ds0qiinoldhes rnd ng

t enperature of about -100 Cto about 110 C, wherein the additive is
added i nexivativestobidihyduoqairoling; tpreferahly7 iSwatsdeqst edre atglgctisb from 7

e ndob B bl Bt T T B i
0 r t (; 1 : [
Fo oia Ay ol BT e Rfe Naf (RiBRenyYS h-pay TERE  iAGAAL O
pol yner igzay/| fiedor dip et ydankie,mes 42.at (04 a-AimichRy e vA¥Hr ) S Qii?hieﬁlyliiﬁline,

obt ai ned by di ssol vi ng a_dpol yner in a solvent. 15" Use of the additive
accor di 2g2t4-teimyednd- 612-dihydsoquinokine tei i ni nating pol ymeri zati on &@md or

reduct n%-\éitﬁ(():)c()flié,&,ﬂtrﬁ%leﬁr{}?f- lffl(ﬁthiy%}bquinoline;

the hindered phenol is at least one selected from the group consisting

10 of 2,6-di-tert-butyl -4-methyl phenol,
2,2’-methylene-bis(4-methyl-6-tert-butyl-phenol),
2,2’-methylene-bis(4-ethyl-6- tert-butyl-phenol),
4,4'-butylidenebis(3-methyl-6-tert-butyl-phenol),
4,4'-thio-bis(3-methyl-6-t-butyl-phenol) and

15 2,4-bis(n-octylthiomethyl)-6-methylphenol; and

the ester is at least one selected from the group consisting of stearyl
B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, dilauryl
thiodipropionate,dimyristyl thiodipropionate, distearyl thiodipropionate,
trioctyl phosphite, tri(decyl) phosphite, trilauryl phosphite and

20 tri(hexadecyl) phosphite.

12. A method for terminating polymerization and/or reducing
viscosity of polymer solution, including adding the additive according to
any one of claims 1-11 into a polymer solution and then mixing the
resulting mixture for about 0.5 — about 30 min at a mixing temperature of

25 about -100 °C to about 110 °C; wherein the additive is added in an amount
of about 0.4 wt% to about 7.5wt%, preferably about 0.7 wt% to about
6.0wt%, based on the total weight of the polymer in the polymer solution.

13. The method according to claim 12, wherein the polymer solution
contains living polymer chains.

30 14. The method according to claim 12 or 13, wherein the polymer

solution is obtained from a solution polymerization or a bulk
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polymerization, or the polymer solution is obtained by dissolving a
polymer in a solvent.
15. Use of the additive according to any one of claims 1-11 for

terminating polymerization and/or reducing viscosity of polymer solution.
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