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mmit&w, CPAMAM) • 
r(CH2)3N(2n":'1.i)[(CH2)2CONH(CH2)2NH](2i5+l2) (CraH2ra+i) 2n+l III 

l~100nm) , 0<n<10, l<m<18o tlciiitL 0MSI 

Fe3o4 > Ni m Y~F62O3 

ItW Si02? Fe304&Si02 

Fe3o4&sio2 mmm 
3« g In 3-MSp^SH 3-MSMSH 

IMI, COG, n=o, 
i<m<i8), i CIG, » i. i<m<i8), 2 

(2G, n=2, l<m<18) > 3 (3G, n=3, l<m<18) > 4 

(4G, n=4, l<m<18) > 5 (5G, n=5, l<m<18) , 6 

n=6, l<m<18)>7 j«i4M^^:?^t/(7G,n=7, l<m<18)> 

8 ^tf(8G,n=8, l<m<18),9 ft^t(9G,n=9, l<m<18) 

:fH 10 (10G, n=10, l<m<18) o 

9) i) -% 8) 

i) 5imitrsio2jKMmi^ 

i») # 

ID 1) -18) 

12) -##w^a^ni) -is) 
13) &*nwm 12) 

100ppm~5 % o 

14) 12) mW> 13) Fe fB/j^ Ni 

0.01ppm~0.20%, 17Ci?fc 0.01ppm~429ppmo 
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15) 12) -% 14) 

M + W Si 0.01 20.1 ppm 

16) 12) -M is) ^ 

r(CH2)3N(2n+^.i)[(CH2)2CONH(CH2)2NH](2n+2.2) (CmH2m+1) 2n+1 HI 

W, ̂ (CH2>3N(2n+1.i)Rl <2n+l2> ^ (CmH2ffl+1)2n+1^^ 

ftSa » 0<n<10, l<m<18o 

I?) i6) 

n"W41 5~9 4-1(ft3g$S[, mi§ 9~ 13 rfJKlltf&„ 

(5G, n=5, m=12) , 6 (6G, n=6, m=12) > 

7 (7G, n=7, m=12) , 8 (8G, n=8, m=12) , 

9 (9G, n=9, m=12) ^ 10 C10G, n=10, 

m=12 ) o 

1. 

if (VSM) Fe3()4 $3 Fe304 

mmm^m Fe3o4&sio2 , w#*tt*ra4mfc#*b. 
III j'K (Fe304&Si02) mmmWWW (l~100nm) , 

mm&m SG mm®#? 
msonm 

n> mrnw 
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mmmm* 

mm*®, mmm&MMMm%Lm° SG IOON^S 
astt, CSRV) mmfimm, m 
ntntiit, OM9 &^mx-mmo 
#11^, mm 5(3 &#>, ***&*&«* 

m*, )kmnummmn.mw% 
Mini, 

Mftm mrtmi)tmmB.&Mo 
s. life, TO 

s> p, ci, pb^wnjcft mitmrnrnt 

m&\ 
® i Fe3o4&sio2 

mmkm-mmm&ik&M COG, IG, m=i2) &&im> 
m 2 ^mnmm FQ3o4mm^m Fe3o4m®.mmm*mmm®-mmik&m CSG, 

m=12) liMiailo 

n 3 so(m-12) inisit. 
ffl 4 Fe304&Si02^'fr 5G (m=12) 

mmmmmMo 
ffl 5 Fe304&Si02^^^ 5G (m=i2) 

ft 

^ffiti^^Stffif (VSM) ;^Fe304^^|iTSiitttllMK-lgc5lftl^ 
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m (so, m=i2) 

MM, ̂®31*m#tii, 5G« 

CSRV) # 
KM##: if i»&#: 50hz, 50°C, 

tJ^50N, 2^#lf?fk^^l00N, §c<fcOHji, !tM2000N 

f*i!:-

4:I, flx&MMM 41 iftFe^MNi #*lft tl*$MASTM D5185 

i':{j|^Hif:!: ^i.: i':'i /;;^;ii:tr-

^)o 

sySMi 

ti>Fe304&Si02^M^^litft;tii:IS-jgc^^tl (n=0, m=12) ftftl#. 

(1) 'Ivf0.1 mol/'LPtlFeC 12'4H20•>§jft-. 0^mol/L6tfFeCl3-6H2OM$t (MHtt 2: 1) 

, ^ar(30±l)"C|9j^S£v^, M^IWIWMilRO.l mol/L Ki Na(3H#r)tl, M 

BPr o 

(2) #^18.4g^Fe304^*lt-?;7>f(-f^7K ZJI ClOOmL) , IjnA/lijM, M 

Jgj©J*3Hftl0##h iPA20.8giElig|^@| (TEOS) m 

7g Ni (•.•!!••{>, ii?*3'Mtt; l:^ ^('; K- *m&, 

TCjtLKjFe304&Si02Stft^^|t:?o 

(3) $3Fe304&Si02«^«*, tt20mL#«It 

(KH550 3-SSmSHZ,mS«) 

R$60min, ^T70T^$^ilt^Pill2ho 
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(4) (.»!») mWMimm* 

#») mL, ^mM0V®§,iXrmW90mrnf§, 

0B1. $5.8 jjPA20 mL 30% 

(5) ##5^1,8j^0ftPAMAM|tix^^IlPA0.5 gC12H25L AA^I'IOnim) f. Afl-

^m^^^200W, U@i%}50°Cftj&#T&&30 min, 

m=f, BP PAMAM 
(0G, n 0, m=12) o 

0GPAMAMS!14^:^^;jg^W^:fj^(Fe3O4&SiO2)Si(OCH3)3(CH2)3N 

[(CH2)2CONH(CH2)2NH]2 (CI2H25) 2, O V M': A;989 

13CNMR, 5 (ppm) , 170-180 {'MM, C=0) ,52-60 C-Si) , 45-51 OK if#, 

CH3) , 31-40 (M% C-N) , 10-20 ( 0i!#, CH2) » FTIR(KBr) o (cm"1) : 2980 (ocra) ,2940, 

2870, 1467 (UCH2) ,1644 (DO-O) > 1560 (U-N-H) » 1350(UC-N), 1275 (usj-c) ,1116 (,D4~) , 

1080(l)si.O), 1401.8(Dsi.o-Fe), 579 ((uFe-0-Si)° 

:i:Jliv3i4^^3i5#^^#5ijl-10f-PPAMAM«ti5tTl#tftti\!fliKl:gi«Fe304&Si02 

(m=12) , $P]tb#^'Jl~10|^tffelil-IM-n® (1 — 10G, 11=1-10, 

m=12 ) o 

^fflMJ^PSfeit^l-^Of^PAMAMSt^^^tLli^iS^fMr, &*1GPAMAMII 

iTs'H ^lAnoi On 12) OiO I'-JV-J: 

(Fe304&Si02)Si(0CH3)3(CH2)3N3[(CH2)2C0NH(CH2)2NH]6 (C12H25) 4» 

1721, frl$#MM.05o 

2G (m=12) 

(Fe304&Si02)Si(0CH3)3(CH2)3N7[(CH2)2C0NH(CH2)2NH]14 (Ci2H25) 8» M^®yIs 

3332, 00 1.09 

3G On 12) iO O- J'A/O 

(Fe304&Si02)Si(0CH3)3(CH2)3Ni5 [(CH2)2CONH(CH2)2NH]30 ((02H25) ]6, 
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M24U 

4G (m=12) j' J\/'V: 

(Fe304&Si02)Si(0CH3)3(CH2)3N3i [(CH2)2CONH(CH2)2NH]62 (CI2H25) 32, 

7^713051, 

5G Sl'if Cm 12) i;^ rA'A/: 

(Fe304&Si02)Si(0CH3)3(CH2)3N63 [(CH2)2CONH(CH2)2NH]126 (C12H25) «, 

®y>324752, mP2 1.23 

6G IHfjfe(m=12) 

(Fe304&Si02)Si(0CH3)3(CH2)3N127 [(CH2)2CONH(CH2)2NH]254 CCi2H25) i28, 

i!l^46012, mP2 *j1.2<>. 

7G Mff (m=12) 

(Fe3O4&SiO2)Si(OCH3)3(CH2)3N255 [(CH2)2CONH(CH2)2NH]5i0 (Cj2H25 ) 256, Ife 

1^93245, :5Wii'J^ifcj%1.34o 

8G Mff (m=12) 

(Fe3O4&SiO2)Si(OCH3)3(CH2)3N5ii[(CH2)2CONH(CH2)2NH]1022 (CI2H25) 512, 

$$);% 184059, ij'%'Hll^l.38o 

9G (m=12) 

(Fe3O4&SiO2)Si(OCH3)3(CH2)3N1023[(CH2)2CONH(CH2)2NH]204 (CI2H25) 1024, £'#;'>> T'K 

^370372, 

10G (m=12) 

(F e3O4&SiO2)Si(OCH3)3(CH2)3N2047[(CH2)2CONH(CH2)2NH]409 ( CI2H2S ) 2o4s> i-<j if f'm 

^»7289I3, frl[JHf[^1.49o 

^ Ni&Si02 OG PAMAM (m=18) KrfHl#. 

(1) l^i?(10gfKlNi^^|t-T''5)'tii::5fc/KZJ.I? (lOOniL) $*, JnA^ii, 

10##; #^t^iHfr^ifftA250mL^j||-----W#4:!, 2JPAl5g TEOSStfgNH3-H20, «3 

'm-, mmmIWIHTF, 
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tm-mf 

(2) 5g M&sio2, MI 20mL wmviyj 

10%lftfi^#l»J CKH550 3-MSt^SHZ^S^ii) 50°C|HfF, 

R&60min, 12ho 

o) m5 mmu30% 
Mm*»¥BW¥MFfc20 mL, £i®i» 601C 90min B, 

$rfo &5.8 lip A 20 mL 30% (MRH 5tfO W 

&MBt%6o°cisommB, $ 

¥02®, ^;:P, #i!j 0 ft PAMAM 

(4) 1,8 % 0 iX PAMAM Mti^-riPA 0.5 g C,8H37I, SMW lOmin B, 

£1lfc$fcS&* 200 W> WL&%! 50°C6tf^-#THjS 30 min, #P$ 

mm^Bumim, ^-::F, vmm 2.1 % OG 
Ni&Si0273®^ PAMAM (OG, n=0, m=18) o 

OG PAMAM aft^^^|!i^W#-?^^(Ni&Si02)Si(0CH3)3(CH2)3N 

[(CH2)2CONH(CH2)2NH]2 (C18H37) 2, #-7-:1:^ 983O 

°CNMR, § (ppm) , 170-180 (3£ft£, C=0) ,52-60 C±iJ$~, C-Si) , 45-51 

CH3) , 31-40 (mi!#, C-N) , 10-20 ( 0ii#, CH2) » FTIR(KBr) i)(cm"!) : 2980 (UCHS) ,2940, 

2870, 1467 (UCH2) ,1644 (i>; u) , 1560 (U-N~H) , 1350(\>C-N), 1275 (i>3i.c) ,1116 (u4-) , 

1080(i)si-o)» 403(i)Ni-o) 

MM0M 3 $}0M 4, #®c#C#|lJ 1 —-10 ftStftSKIgc-jix^it^Cl-lOG, n=l-10, 

m ! 8 ) „ 

1 ~io ft: PAMAM IG PAMAM 

(m=l8) AA= 

{!'e;(>:&Si() :}Si{(}{ H ;);((.'! I2);N ;[{('! [,;)<'ONI [{(.'I I :}2NI [)(, (CI8H37) 4> t^'5> 

1883, •'/ f;i £ >U h ] .02 

2G StttitMJS-fgcHiti^W (m=18) AA = 
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(Ni&Si();)Si(()('I I;);(('! !-);N-|{(."i [2}.;C'()N] !((.'! f ;):N1 !]• : C CI8H37 ) 8, Wi $ # ? it ̂  ^ 

3830, 1.05o 

3(3 (m=18) 

(Ni&Si02)Si(0CH3)3(CH2)3N]5 [{( If2>2(ONIf{C I f)(CI8H37) ie> 

7411, 

4C3 1 (m=18) rA'A/: 

(Ni&Si02)Si(0CH3)3(CH2)3N3] [(CH2)2CONH(CH2)2NH]62 (CISH37) 32, 

15565, I 1.15,, 

5G (m=18) h'J <1 

(Ni&Si()2)Si(()(.'H;);(( If[(CH2)2CONH(CH2)2NH]i26 (C1SH37) «, 

27266, ft ft M$t%J 1.19 „ 

6G (m=18) 

(Ni&Si02)Si(0CH3)3(CH2)3Ns27 [(CH2)2CONH(CH2)2NH]254 (CI8H37) 128, 

% 56590, 1.220 

7G (m=18) 

(Ni&Si02)Si(0CH3)3(CH2)3N255 [(CH2)2CONH(CH2)2NH]5]0 (C18H37) 256, 

Js 114575, y>r b 1 .29 

8G (m=18) 

(Ni&Si02)Si(0CH3)3(CH2)3N5i 1 [(CH2)2CONH(CH2)2NH]!022 (Ci8H37) 512, 

Js 226895, #^fHf[^1.33o 

9G (m=i8) ffitt-T'&Zi: 

(Ni&SiO2)Si(OCH3)3(CH2)3Ni023[(CH2)2CONH(CH2)2NH]2046 () 1024, IW5H' 

M*h 456214, '/> (U * ̂  /••j i .39 

lOGStttlliilK-jS^tt-n-#! (m=18) j'jvA/: 

(Nfi&SiO2)Si(OCH3)3(CH2)3N2047[(CH2)2CONH(CH2)2NH]4094 (CI8H37) 2048' ifr ~t* M 

iy:% 900771, 1.45o 
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^Fe304&Si02;^'frW4GMtt3£MJ^-fl£^ft^ (n=4, m=45) 

mmmGM&mmm-mmk&m (n=4, 
m=15) fFy^4GSt'['4^^|)lj|l^yA(Fe: 2.58ppm> Si: O.OSppm) > @1$ 

, TiiesM5w-30Hm%.m%immm. 

yfi 
100N 

15 ON 

SWfB 
PAO-4 fty A* 

4G St14^ 

/it-jjLiijty 

A 

HiBM (r. 

mmm 
3-1 

wt% 

35 45 5 15 200ppm 

3-2 

wt% 

35 45 5 15 200ppm 

&s A*M®^WinJI^MJ> (ZnDDP) o 

SM 5w-3on^^ummm ̂ HTMHSBT * 
m SM 5W-30H$Mzft%lMWftbfr¥r%i% 

3-1 3-2 

S^ff)t(100°C),mm2/s 9.98 10.02 GB/T 265 

fem^ji3iif^(-30"C), mPa-s 5900 5890 GB/T 6538 

p(-35°C),SSIIS ij 

pt, mPa.s 
26000 26010 SH/T 0562 

fit® GB/T 260 

fAj^(JPP), °C 220 220 GB/T 3536 

tftMil5l?tjtfft(150°C? 10V1) ,mPa.s 3.55 3.54 SH/T 0703 

mWJStft 100°C5s^3 

#/5l, mm7s 
9.52 9.54 SH/T 0103 

mrnMm 0.07 0.11 M* 

}K: M*ifjfs^i^: i»gr#: 50hz, 200g, 80°Co 

A\^2^j;4>:|«fffr4gnj B^4GMtt^^if^Aii@C WSM 5W-30 
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%m%}Q.n, (n=4, m=i5) 

imm* 

y)Y-Fe203&Si02^S^4GSI'[4S«i:K-®^lh^tl (n=4, m=18) 

(n=4, m=i8) i^AGm^mm 

fB|B(Fes 429ppm> Si: 9,lppm) ^ECJ-4 M-40mM$L%lftMWA o 

m CJ-4 5W-405|^a^tiL^tt^®S7f 
MM 
(100N) 

MM 
(150N) (PAO-4) 

3&a&Stfjnaj 
(B*) 

4G fillip 
Kifimm B 

4-1 

wt% 

10 57 20 13 

4-2 

wt% 

10 52 20 13 5 

CJ-4 5W-40^$#UfiT^JWF: 

&4 CJ-4 
4-1 4-2 itJ&Jjtlx 

is*i}ME(100"C), mm2/s 14,85 14.86 GB/T 265 

j®Mjtf.^)iii/t(-30°C), mPa-s 5900 5910 GB/T 6538 

IS M S is it (-351:), & 3c, M M & t) 
0^, mPa.s 

29010 29030 SH/T 0562 

ir I). °C 230 230 GB/T 3536 

Wiiii W. :j-jUjt^(]50t\ 10V1) ,mPa.s 3.97 3.95 SH/T 0703 

WWB&} 100I;ls^tf 

)5t, mm2/s 
14.16 14.15 SH/T 0103 
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flft( KOH tf'), nig/g 10.02 10,05 SH/T 0251 

jSilUfk 1,98 0.09 M* 

& sohz, 2oog, 8o°c 

ffifiP CJ-4 5W~40^M^MtfM 

Jf HlklSxg, (31 >30.09, (n=4, m=18) 

SQUlllS 

l^Y~Fe304&Si02>3ll^4GSii4Sll;®-K^ft^t( (n=4, m=18) 

mnixmrn^Mimr 
tmmmmTj, mGmmmm-mmvLitm (n=4, m=i8) 

5?(jC (Fes 259ppm, Si: 5.41ppm) iIffiCJ-4 5W-40^Ma^iN]tf M•> 

^5 CJ-4 5W-40m®U%}%lMWr®mJ? 
SSIfiM 

(100N) 

Sffitiyttj 

(150N) 

S-filliylii 

(PAO-4) (C*) 

Mrnhmm 
Mc 

5-1 
wi°"'o 

10 57 20 13 

5-2 

wt% 

10 55 20 13 -> 
JL 

CJ-4 5W-40^MMMetf^n^inT: 

it6 CJ-4 5W-40^MMMtSM:##rgfS 
6Wvm 5-1 5-2 

is^J#/t(100°C), mm2/s 14.85 14.86 GB/T 265 

i«^^i5Jt(-30'C), mPa-s 5900 5910 GB/T 6538 

f&®3tlAS(-35°C),^^®IgjS^Bt, mPa.s 29010 29030 SH/T 0562 

W/.'AC ii: !}. °C 230 230 GB/T 3536 

13 
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itJ&^J?MiTOl5(rC , 10V!) ,mPa.s 3.97 3.95 SH/T 0703 

J^i«, ff/sW 100°Cii^sff 

It, mm7s 
14.16 14.15 SH/T 0103 

ftli.( IX KOH it"), mg/g 10.02 10.05 SH/T 0251 

mmmi 1.98 0.09 M* 

ft: ttlfcfcfh 50hz, 200g, 80°Co 

iA±mmmm® 
mGm&mMHMMCfa, CJ-4 5W-4O^£i§&#l#r^$I0 

1X^0.09, (n=4, m=18) m&n® 
fcmmz, MttfttfomMttriN. 

PiNi&Si0273:ft<'bSGWMMMfdik-fiii^Ak.^'^ (n=5, m=12) ff^hj5Hf4l^Tjt-jnliM! 

5G^j4^glJ®c-i^4k-eH^ (n=5, m=12) 

(Ms lOSppm-, Si: 20.1ppm) 1^SBCF-4 o 

<?7 CF-4 5 W-30i^M ̂ IMMM Sfl71 
MlM 

(100N) 

Sfiuiifil 

(150N) 

iSflilw'fii 

(PAO-4) (D*) fflj D 

6-1 

wt% 

17 40 30 13 

6-2 

wt% 

17 40 25 13 5 

ft: 
CF-4 5 W-3O^M m M m^n^tny-. 

m CF-4 5W-30&M&3&*UB**$fc#$T&£ 
6-1 6-2 UtM 

is§[j(100 °C), mm2/s 9.88 9.86 GB/T 265 

14 



WO 2015/055105 PCT/CN2014/088492 

/j#iia-30°C), mPa-s 5205 5200 GB/T 6538 

i&WL I<iif£He (•-3 5 °C),|E 7c M S!£&./J Bt> mPa.s 21010 21200 SH/T 0562 

^•'u ir 1). °C 230 230 GB/T 3536 

W, i.'i W: Ou tyj 1^: !ii:< 150X , 10Y1) ,mPa.s 3.65 3.63 SH/T 0703 

mmmmrnw^sk, mw^rn loo-cs^/ii 
)5t, mm2/s 

9.65 9.64 SH/T 0103 

mULiUKOR if), mg/g 10.25 10.23 SH/T 0251 

mmm 1.85 0.08 M* 

)\\: J.rJ&. 50hz, 200g, 80 "Co 

AUrjtnrn«.u 

ilTO^Eo CF-4 5W-30^M^fLMfM (ft 

**$**£, tt730.08, (n=5, m=i2) mm 

^»ii7 

^Fe304&Si02^^'i>5G?ii4^MJ^-J^lltt,-^tf (n=5, m=5) MriBM 

-J^M ttM + o 

M^9|$IU?\ ffiSGSt'ifHEItSg-K^^tl (n=5, m=5) 

(Fe: 68ppm, Si: 1.45ppm) iiffiCF-4 5W-30^M^|flifltf M o 

^9 CF-4 5w-30^M£^vff ̂ MIE# 
MM 
(100N) 

MM 
(150N) 

MM 
(PAO-4 ) (E*) 5fU E 

7-1 

wt% 

17 40 30 13 

7-2 

wt% 

17 40 29 13 1 

& E*SffiA^Wt)tJgisj]0^jo 

CF-4 5W-30^MM#IM 
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10 CF-4 5W-30^M^Mtf M#|/r^S 
7-1 7-2 

is^J#/t(100°C), mm2/s 9.88 9.86 GB/T 265 

ftt^;ftiiJt(-30'C), mPa-s 5205 5200 GB/T 6538 

f&®3tlAS(-35°C),^^®IgjS>jBt, mPa.s 21010 21200 SH/T 0562 

|Aj^(T]-P), °C 230 230 GB/T 3536 

, loV1) ,mPa.s 3.65 3.63 SH/T 0703 

loorigiM 

,5, mm7s 
9,65 9,64 SH/T 0103 

lt{t( tk KOH tt"),mg/g 10.25 10,23 SH/T 0251 

1.87 0.08 M* 

ft: 50hz, 200g, 80°C o 

ffiin A*&J6fclW5G«H4fftfcifc^jBJ§, CF-4 5W-30^M^#1$1MM 
fx>30,08, (n=5, m 5) mmam 

m&m, 

KFe304&Si(:)2>gM^6GitftSKK-lS^ft^tl (n=6, m=12) 

mmmmmij, meGmmmm-m^VL^m (n=*, m=i2) 

(Fe: 73ppm> Si: l,52ppm) illjffiCF-4 5W~30^M^I~L^t§Mo 

^11 CF-4 5W~30llM^^$ltfMffilJ 
MM 
(100N) 

MM 
C150N) 

MM 
(PAO-4) (F*) 

iimi 
M F 

8-1 
wi°"'o 

17 40 30 13 

8-2 17 40 28 13 2 

16 
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wt% 

ft: o 

CF-4 5 W-30^IMmM nT: 
mn CF-4 5W-3om®R$}%lMWr%ifr%r%i$k 

8-1 8-2 U1M 
is^tfiS(100°C), mm2/s 9.88 9.86 GB/T 265 

16:Jj%i£§!(-30°C), mPa-s 5205 5200 GB/T 6538 

ISilSliittiS(-35r),^^IiHliS^Bt, mPa.s 21010 21200 SH/T 0562 

'%'.U ir 1). °C 230 230 GB/T 3536 

106s"1),mPa.s 3.65 3.63 SH/T 0703 

fmfc® 100 C v-,'vj t 
JM, mm2/s 

9.65 9.64 SH/T 0103 

M(% KOH if), mg/g 10.25 10.23 SH/T 0251 

mmMm 1.92 0.07 M* 

ft: 50hz, 200g, 80 C 

/A. r.^ic:uTft%kf£%mW, 
HAIITEO rfO#nA;&£J&$iM6Gfcf&ft*|fc®a!lF/§, CF-4 5W-30^M^¥LMS1fi^lS 
MMmmfe, ix^o.o?, (n=6, m=i2) mm® 

l^Y-Fe203&Si02^1t^6GSI14ltl;^-JS^ik^tl (n=6, m=3) 

&m$Li3®m?f, (n=6, m=3) 

(Fe: 49ppm, Si: 1.08ppm) iIffiCF-4 5W-30^M^lAiN]tf M» 

^13 CF-4 5W-30^Ma^J^UHttMie^' 
MM MM SiituM m&mxm 
C100N) (150N) (PAO-4) (M*) BM H 

17 
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9-1 

wt% 

17 40 30 13 

9-2 

wt% 

17 40 28 13 9 

CF-4 5W-30^MM^1M 

^14 CF-4 
SHJTM 9-1 9-2 itJ&Jjtlx 

.:^-'vj#!iai00 C ). mm2/s 9,88 9,86 GB/T 265 

-f®M^Ai^®(-30oC), mPa-s 5205 5200 GB/T 6538 

(-35 °C\&3cMIlxlSf] ftt, mPa.s 21010 21200 SH/T 0562 

fAlj^(JFn), °c 230 230 GB/T 3536 

^MiftM«®(!50"C, 10V1) ,mPa.s 3,65 3,63 SH/T 0703 

mi&mmww&yk, mvmmrn 
lit, mm7s 

9.65 9.64 SH/T 0103 

K.OHif),mg/g 10.25 10.23 SH/T 0251 

1.92 0.08 M* 

ft: T&3&&#: 50hz, 200g, 80"Co 

ilAIDto WjtaA^&JIfcl M6G8f&fl*iy^fi|HJ§, CF-4 5W~3Q^M^M?f 
{5^30.08, &mk®(&n&WkWt-W^VLi!r%l (n=6, m=3) mm® 

^Fe203&Si02^®^7GSt'(4SitEc-lg5lft^tl (n=7, m=l) ^U^m^BM 

^7GSti^fg®t)|g-jg5^^% (n=7, m=l) 

(Fe: 50ppm, Si: l.Oppm) ilECF-4 5W-40^M^Mtf M•> 

18 
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ms CF-4 5W-40^Ma^lMtMMfiA 
MM 
(100N) 

MM 
(150N) 

MM 
(PAO-4) (N*) m M J 

10-1 

wt% 

20 57 10 13 

10-2 

wt% 

20 53 10 13 4 

a, 
CF-4 

^16 CF-4 
10-1 10-2 

.:^-'vj#!iai00 C ). mm2/s 14.23 14.25 GB/T 265 

AWl 1S(-30°C), mPa-s 5705 5700 GB/T 6538 

mPa.s 31015 31000 SH/T 0562 

P3^(JfP), °C 225 225 GB/T 3536 

M®Mi3]M(150I;, 10V1),mPa.s 3.85 3.87 SH/T 0703 

rnPWm looc^/iij# 
Jit, mm7s 

14.02 14.00 SH/T 0103 

K.OH if), mg/g 9.85 9.85 SH/T 0251 

mwm 1.92 0.06 M* 

sohz, 2oog, 80°co 

iff jtaA*&Jlfc!CF-4 
UMM, &&^miGmmmm-®.m.VLism (n=7, m=n m&mm 

B&&, 

^Fe304&Si02^|^'ij7GSt'[4S®tK-Sg^ft^tl (n=7, m=12) 

19 
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cn=7, m=i2) t^sm^ 

mmmK CFe: 28ppra> Si: 0.61ppra) m 0 M (fcJZl^Sg-

li'ttitSttD , iiiMBSN/GF-5 0W-20^Ma^laySttMo 

3^17 SN/GF-5 0W-20H®U^}WMWf® 
SWfB 

100N 

Sfillifti 

15 ON 

SffiUM 
PAO-4 M P* ftiM K 

11-1 

wt% 

55 15 18 10 2 

11-2 

wt% 

55 15 18 10 2 

ft: p*M#:fl)LigisM, (ZDDP) <> 

SN/GF-5 0W-20^ Ml ̂  ftvfl ttM fft :# ft ii MT: 

ft 18 SN/GF-5 0W-20ftto&^*l#l*lf 
#ftM 11-1 11-2 itJ&Jjtlx 

is^M(100"C), mm2/s 8.025 8.015 GB/T 265 

j®Mjtf.^)iii/t(-30°C), mPa-s 5700 5695 GB/T 6538 

(-35 "C\&3cM IlxlS f] ftf, mPa.s 15000 15050 SH/T 0562 

MM MM GB/T 260 

ir I). '"C 228 228 GB/T 3536 

W, i.'i W: :j-[Ujt^(150(\ 10V1) ,mPa.s 3.21 3.22 SH/T 0703 

mmmmrnwmk, 1001.^.^# 

)5t, mm2/s 
7.86 7.82 SH/T 0103 

0.07 0.10 M* 

ft: T&3&&#: 50hz, 200g, 80 Uo 

JAM18^#ftic®nj ^^^^ffi^WTGSitt^^Lit^KiJlSria^SN/GF-S 

0W-20M^BtlliilHic^0„07, [W^j^S^^ft®IM®ff^^LJglF0iJlSeBtlSN/GF-5 0W-20 

20 
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(n=7, m=i2) 

(n=8, m=8) 

i%m$tl9®m?j, #5y^^8GSl'[f (n=8, m=8) 

BML (Ni: 0.31ppm, Si: 0.06ppm) #1 @ to 

> iiieSN/GF-SOW-SOflMa^^^tlMo 

^19 SN/GF-5 OW-lOH^U^lWMWf® 
MM 
100N 

SMiM 
I SON 

S5IHM 
PAO-4 

~$WM 
M Q ircii^y L 

mlg/FU ( 

12-1 

wt% 

55 17.5 15 10 2.5 

3 
-

\°
 

i 

6
\ 

K
J 55 17.5 15 10 2.5 

ft: (ZDDP) . 

SN/GF-5 0W-30H®U$}%imm®J&&T: 

ft20 SN/GF-5 0W-30m4a^Mtf 
12-1 12-2 

ii^j'ff,ft( 100°C), mm2/s 9.82 9.83 GB/T 265 

Jj#It(-30'V), mPa-s 5500 5560 GB/T 6538 

16:fflalliittit(-35 °C),&Jffi HliS,/J Bt, mPa.s 17000 17050 SH/T 0562 

7R#(frlK#fO,% fglF fa® GB/T 260 

'%'.U ir 1). °C 220 220 GB/T 3536 

106s"1),mPa.s 3.18 3.19 SH/T 0703 

^M«|u^gy? m mfS® 100 C.^.si: f 
11, mm2/s 

9.54 9.53 SH/T 0103 

21 



WO 2015/055105 PCT/CN2014/088492 

0.08 0.11 M" 

ft: 50hz, 200g, 80°Co 

hxmQm^Im8G«&ift:fctft£ajuiis$JSN/GF-5 
0W-30M^WlPJf.Hic^0.08, rfO-ni^Sr,®Ef^!ifSff^^JgjFra@c!WSN/GF-5 0W-20 

(n=8, m=8) 

(n=9, m=5) 

mmmmmi, mmm9GM&mmm-mmit&®} (n=9, m=5) 

HffijM (Ni: 6.4ppm% Si: 1.2ppm) EH Hf(^PZl^S—^ 

ftM®) , ii®sci-4 low-so^Ma^iaysttMo 

CI-4 10W~30^M^MMM 
MM 
100N 

SSitlM 

15 ON 

SWfB 

PAO-4 ftj W* 

mnm*. 
irtlM M 

i)iMM (-—KS 

rmmmm) 
13-1 

wt% 

45 30 10 10 5 

13-2 

wt% 

45 30 10 10 5 

ft: (ZDDP) 

CI-4 10W-30^ M : 

.^22 CI-4 10W-30^£^#M##f^m 
13-1 13-2 lA'fk jj th 

is^jtfjt(100°C), mm2/s 9.82 9.83 GB/T 265 

lS^^^tfiS(~30°C), nsPa s 5950 5955 GB/T 6538 

f&M^.ii^fA'S(-35''C),^£3GSIgjS^jB;,t> mPa.s 27000 27005 SH/T 0562 

;iKi.:fJi #31 GB/T 260 

22 
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|Aj^(T]-P), °C 228 228 GB/T 3536 

, lOV1) ,mPa.s 3.58 3.59 SH/T 0703 

mi&mmIOOVIE^M 
•'<. mm7s 

9.52 9.51 SH/T 0103 

mm^m 0.06 0.13 M* 

ft: KM##: 50hz, 200g, 80°Co 

iow-3o 
i!Dr.^z:E^mi0#^0^JiiE6<Jci-4 iow-3oM^i* 

(n=9, m=s) 

in«y0 

&MW14 

PJvy-Fe203&Si02y^®i^10Gl!lf^;|ISiK-|gc:5lftl^% (n=40, m=4) 

$jR*23ftE3r, #awui(n=io, m=4) 
irCli^N (Fe: 7ppm, Si: 0,17ppm) ^ tCfcjiifc 
Mimn®) - 1TOCF-4 15W-40^^^m^o 

ms CF-4 
SfilBM 

100N 15 ON 

SflitiM 

PAO-4 

$}WM 

M Y* 
HIM* 

N 
Jilgjfy C^S 

rmAwmm) 
14-1 

wt% 

31 50 5 10 4 

14-2 

wt% 

31 50 5 10 4 

ft: (ZDDP) 0 

CF-4 15 w-4oiaM ts M $ ft tr *& n i® r: 
^24 CF-4 

14-1 14-2 

23 
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i£^ifjt(100°C), mm2/s 14.85 14.83 GB/T 265 

lSi^^tfiS(~30°C), nsPa s 5870 5875 GB/T 6538 

> mPa.s 37005 37000 SH/T 0562 

;iKi.:fJi #3! GB/T 260 

|Aj^(T]-P), °C 230 230 GB/T 3536 

il5Mi%'J!f#Jii/JE(150"C , lOV1) ,mPa.s 3.88 3.89 SH/T 0703 

looviE^m 
/it, mm7s 

14.05 14.06 SH/T 0103 

MMM®. 0.09 0.13 M* 

ft: 50hz, 200g, 80°Co 

CF-4 15W-4O^^^m^0tli»^^O.13, lOGStft^ifclS-jgc^^^tl 

(n=10, m=4) 

&T<s304&Si02%&>ij6GM&mWL!&-WL^ik&yQ (n=6, m=12) fls&ft&SftfctftJFfcl 

WMm25mwjs, cn=6, m=i2) 
irili^yP (Fe: 0.3ppm, Si: O.Olppm) ^ t C fciifc 

mimn®) . iii£SM ow-3on^^^m^* 
/<25 SM 0W-30^£$tl#tfEM?fi 

SfilBM 
100N 300N 

MM 
PAO-4 M z* 

mm®* 
jfiii^p 

Jilgjfy C^S 

15-1 

wt% 

55 10 20 15 1 OOppm 

15-2 

wt% 

55 10 20 15 1 OOppm 

ft: Z*S®-&W£t0»3im, (ZnDDP) o 

24 
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me SM 
15-1 15-2 

iS'^Jf^/jl( 100 °C), mm2/s 9.952 9.948 GB/T 265 

X Wl 1S( -3 0°C), mPa-s 5500 5560 GB/T 6538 

f&®3tlAS(-35°C),^^®IgjS^Bt, mPa.s 16000 16030 SH/T 0562 

#1.1: MM GB/T 260 

!A]^.(JFP), "C 228 228 GB/T 3536 

^Mil5jrKif,®(150"C, 10V1) ,mPa.s 3.25 3.23 SH/T 0703 

/§;, mm'/s 
9.86 9.82 SH/T 0103 

JSiiUlk 0.06 0.12 M* 

ft: BpgSL W*kM-h 50hz, 200g, 80°Co 

&mGM&m*in>mMPTMm®sM OW-SOM^WSI 
jS«0,06, 0W-30M^M«fJ730.12? 

(n=6, m=i2> 

UyXsiOi&SXhMk^SGm^MMffc-M^ik^ (n=3, m=17) ff^mi^MiiB 
fnjilH l:1:] c> 

mmmnmrnx, (n=3, m=i7) 
ttiBMQ. (Fe: 2.3ppm. Si: 0.05ppm) ffl 0 tu 5ir0 

, iiSBSNsw-soHmnmtiimm®. 
^27 SN 5W-30fCMa^jmftffittM 

MM 
100N 

MM 
15 ON 

MM 
PAO-4 

PMM 
MJ R* 

mnm* 
in,BMQ 

tnJifTHJ (/STIS 

rmmmm 
16-1 

wt% 

40 35 10 15 150ppm 

25 
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16-2 40 35 10 15 — 150ppm 

wt% 

V±: R*M® ftflIk—(ZnDDP) o 

.^28 SN 5W-30^a^Mtf 
1 II 

is^tfiS(100°C), mm2/s 10.02 10.03 GB/T 265 

16:,f|;(-30°C), mPa-s 5760 5780 GB/T 6538 

ISilSliittiS(~35C),^^iaHliS^Bt, mPa.s 16500 16040 SH/T 0562 

« GB/T 260 

fAl^(JPP), °c 225 225 GB/T 3536 

Jfifl&lfc3¥8J3&K(150lC, 10V),mPa.s 3.85 3.82 SH/T 0703 

fi W! i I'f'j 100 c :./i.-;»;t 

M, mm7s 
9.72 9.71 SH/T 0103 

mmMM 0,08 0.12 M* 

ft: m^S&, \mK?\ : 50hz, 200g, HOC 

)&M28I$#|IT^WTO, ^ffi*^»j^3Ga^^0^jQlilB^JSN 5W-30 

Mf&lftlSiuSfl^O.OS, 5W-30yfflra^ifSl 

wm^.n, (n=3, m-m 

mmmri 

|RjO(Fe; lOppnu Si: 0,2ppm) gflflfrfc+ljr 

*0) , U§BBSM 5W-30ttM£^#l#tflHtf|. 

M29 SM 5W-20y^Mas/j|JL#ftfyfll 
M SMiM MM MfrMM1 IG umm cr. 

26 
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m 
100N 

15 ON PAO-4 M A* 
A 

ferS—-®TLTtl 

SIM) 
17-1 

wt% 

37 15 33 15 1 OOppm 

r~l "J 

wt % 

37 15 33 15 1 OOppm 

cznDDP) „ 

$30 SM 5W-20^^^#l#im^#|if^m 
17-1 17-2 TM 

:iS^J#.®(100°C), mm2/s 6,98 7.02 GB/T 265 

jS(~30°C), mPa-s 4900 4780 GB/T 6538 

•fft m s it tt(-35 °c), r± n m M ft 
Et\f", mPa.s 

26000 26010 SH/T 0562 

7K5->(#fK5>it),% MM. GB/T 260 

P3£(JFP), °c 220 220 GB/T 3536 

Wi^Ujf-^nSOC, lOV) ,mPa.s 2.65 3.63 SH/T 0703 

mmm. 0.08 0.11 M* 

ft: M*lij§S!#tjt: Ml#: 50hz, 200g, 80"Co 

5W-20ifcftW#lfc6lfc&0.08, 5W-20$i,&$J 

•$»i|18 

%-Fe2O3&SiO2^ti^[ft5GII#|lifclgcJg^ft^tii§l¥iiJl00NEftS5iiMt? 

sRvxf^jatTtLiiftfg^-ao nmmwm4®m« vj^aur.'H. rawiim, ussm 

mmm&o.wiEtimTUfeo iMi. 

27 
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*£#wftus * 
^gcMsooNBt, cm 

, _t*+<&#*£ 
mmt&i, mmz.w~mmumM, &th, 

28 
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r(CH2)3N{2n+1.,)R1 <2n+2-2) R2 (2a+1> I 

m, m&R2(2a+1^i^ttsa, 
0<n<100„ 

2. $£&$i£$ 1 WMH 

3. nm&mm* 1 m2 fmtommm&TQ&m, W'M\- r-, o<n<io0 

4. 1-3 m-~mnmm^, 
S^l^f Fe304> Ni y-Fe203 o 

5. 1-4 M&M& 
sio2 mwMim Fe3o4&sio2 

e. wiit 1-5 mmtm 
nmMls 3-MSraSH^fiS^^. 3-MS^S 

7. 1-6 mm 

—(CH2)2CON H(CH2)2N H—- II o 

8. 1-7 0T& R27&& Cl-18 

9. -m&mmm* i-s %w® 
ni ]•• msmripm: 

D itmsrsiG^smim 
u) mM&mmwmmM&mmmmMftm, mmmmmrmmm 

in) mmn) # 

10. 9 ^:£i-J//i^ =;^1 fK > •rii/ :;y l<! fv; 

29 
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11. mm$. i-8 

12. i~8 

13. iiKiiii 12 mmmmmm, 
M 41 lQ0ppm-5 % „ 

14. s#i«. Fe mm M 
O.Olppm— 0.20%, 17Ci?fc O.Olppm—429ppm<> 

15. 12-14 si 
iftSM =TS^ 0.01-0.20%, iXit. 0.01~20.1ppmo 

r(CH2)3N{2n+1.1)[(CH2)2CONH(CH2)2NH](2Q+2.2) (CmH2m+1) 2n+1 III 

ilifp, jfii£(CH2)3N(2n+^j)RS2n+l2,^j|^ltft^^igWS]a, $ri£ (cmH2ra^) 2D+1^$I 
ttSSI , 0<n<10j l<m<18o 

17. ummmM Mittiii-MMt n 
ils 5-9 |:1:]6iilHt m&g9-13 

30 


