
书书书

!

!

"

!"#$%&'()*+,-.

/012345&678

!"#

"

!

$%&

#

!

!

'

"

(

#

!

)*+

#

!

$,-

#

"

"$

#$%&'( )#*+,&-./0123,'4&56789:;

!

)# #$

"

%#&'('

#

#$

<=%&>' ?

@A'1&5'(

!

)# )B

"

%"()*(

$

""

9:

%

CDEFG&HI

"

+,-

$

J

&

KLMNOPQ

"

./0

$

RSTMNOPQ

"

1/0

$

HIUVWXY,JZ'

HIUV[\]^_@`EFab:HcdeRfg_@Dhijkl

'

mnop

%

+,-

!

./0

R

1/0

!

qrY,

JZ'HI

&

sUVtuv

23

wa

3243

"

!

3

xyza{|

$

3

}a

3

Y~

"

.15

$

Dh�

($6#

��

!

.15

(

���

(

��E

Fb�ifg���Dh�

&(

���

!

Xp�Y,JZ'HIUVD�EF��?@�U���

!

j�_@Hcd

eRfgDh�v��[�

'

;<=

%

Y,J

#

Z'HI

#

���

#

��EF

#

Hc5�

4>&?@

%

17&&#$)

#

17&&($&'

8

&

""

ABCDE

%

-

""

AFG@

%

"(((3'6(9

"

#("%

$

(!3(&'63(%

""

HIJK

%

����A'a�)#���a���� 

"

5""&*((%

$#

) # � ¡ ¢ l £ ¤ 0 ¥ ¦ ; 6 7 § ¨ �  

"

#("#-(6("((("!

$#

� � � � A ' © ª a � � � �  

"

%"&(&(#)

$

""

LMNO

%

«¬­

"

"6'*

)$!

®

!

)#¯°±

!

#$%&'(

�%²³´

!

µ¶

!

·¸¹º*HN?@»l

&

¼b½�¾M¿À

ÁÂrlÃ²³&Ä

'

!

ÅÆ��±

""

���_ÇEFÁ4ÈÉÊ�ËÌÍ

!

ÎÏ

ÐÑiÒÓÔlÃ

&

ÕÖlÃ

!

×jØÙÚÛ/

Ü

*

"

+

'

1��ÝÞ

!

���ßHàáßâã��

äÃå*æçiÒèélÃ

!

êÃØÙëìíî

Rå*ïðlÃ

*

#3&

+

'

ñ����·¸ñòz,

{óôõNö÷

!

óôõNøù`úûiüýÄ

D

!

þÿ!óôõN½"R#½

*

*

+

'

É²³op

!

òz,{ÀhHZ$%

($"%

!

òz,{óôõN

&ø'(üýR)*<îÝ+ÄD0/,ml

!

`òz,{ÀhHZ�

($(%

�

!

óôõN&ø×

-É9.,ml

*

%

+

'

(/

!

Ï0[\]^_@`

EFab:iHcd1R½"mö÷�²³]^

_@

(

*lÃ½�¾��?@mö1lÃ¨�i

¨ý&Ê

'

f23ð[\_@`½�¾:Hcd1i4

D56�KLMNOPQ

"

./0

$

RSTMNO

PQ

"

1/0

$

HI

*

)3!

+

!

78

./0

R

1/0

9:÷

;<*

!

=�>(?<@

'

AÊs4D9:JB

8EFG&HI

"

+,-

$

J

!

`Ê>9:C�RD

EFGH

!

Å%

+,-

IJ

"

"

$

KLjquK=L

_@DhMNFiOPQÃRh

"

!4

$

1

"

&øi

¨�

!

ST

,:

;

<=

UIHI

!

jquK`EFab

:V÷_@WXmöYZif[_@Dh

!

\]

�>_@fgDh

'

7

+,-

J÷;<*

!

`A

²R/0:^q)_`r

'

EFY,Ja(\b

ÙcþuK)_ID

'

 d�eáf�Þ

+,-

!

./0

R

1/0

1Y,J[\_@`EFab:

iHcd1RfgDhi²³ghijk

'

;&Ä²³

23

wa

3243

"

!

3

xyza{|

$

3

}a

3

Y~

"

.15

$

»l���`��EF

"

2+

$

:

iHcle

!

mDY,JZ'HIUV[�_@

Hcd1Rfg_@Dh

!

×1

+,-

!

./0

R

1/0

9:mn\k�Þ

'

!

"

PQ

!"!

"

R:STU

2+

!

>.2+&

!

n�04

#

opV���

!

qt

õrs�

6((<?

!

Þoft�

"**$**?

#

,

@

A"

!

uvwp,&Éxyz04

#

z,{

!

HI|

!

�

}~�<,':�Éx��yz04

#

���

!

H

I|

!

��,':��04

#

�\�

BC

!

&¥ô

!

6'&

«¬­�

$

Y,JZ'HIUV[\���`��EF:iHc5�



)BEF&¥Á4²³YÉxyz04

#

.15

!

����

*

'36

+

�Á

'

!"#

"

VQW(

2+

"

"((

!

z,{

"

%

!

���

"

#

!

Y�

"

"$%

!

�\�

BC

"

#$)*

!

.15

"

($6#

!

���

"

Jh

'

!"$

"

VXYZ

�CH

!

2+

`Å���

&

���

"??

i8

N^

"

")(??D&((??

$

��Å

&

�

!

��`

"#

?E<

���G������KMNF:

'

YuM

NF�C��

'F

!

 D

'

!"%

"

[V&'

!"%"!

"

\]^_

CD

+,-#(((

¤EFG&HIJ

"

¡�¢

£VA6Éxyz04

$

�MNF\kIJKL

'

9:FG

%

C�

"

"((G

!

DE

"

"HI

!

IJKL

)¤

"

($"J

!

"%J

'

!"%"#

"

!"`^

CD

53B-2 5+#(&(

¤]¥NY,J

"

:

�¦§Ì¨A6©�Éxyz04

$

9>F@

"

6(

!

9:C��

"&&G

'

!"%"$

"

abcd

./0

HI

%

Y,Fª«¬f\k¬f­�®

%

!

DÿMF¯:°¼>`3±¦�

!

CD

K/L

"%&(M,

¤

./0

"

*�

K/L

yz04

$

3±:°

¬fP3V²

'

1/0

HI

%

³´µ¶HD

K=EN:/05B)

¤

$�P·J�Y,F\kP·

!

P·¸�s

"((

<?

!

CD

1=N<:E"#

¤

1/0

"

¹º

O/>

yz04

$

3±Y,F:���HcV1

!

G»MÚ�

"((

PM

'

#

"

efghi

#"!

"

\]^_

���Dh�

.15

(

���

(

2+

MNF

!43

Q

@"

¼½i¾¿ÏÀ

"

YÁ

'

¹À

"

jqÂv

%

���Dh<[

"

=>�

&(

�

$

�

!

.15

(

���

(

2+

MNFi

!4

Ã

"

i

Ä>J,Å4[

!

×-Éo.vpOi

,:

;

<=

U

I

#

Æ���DhÇ

*(

��

!

.15

(

���

(

2+

MNFi

!4

Ã

"

iÄ>pOHØ

#

`���Dh

0

400

800

1 200

1 600

Ｇ
 /
k
P
a

＇

-2 -1 0 1 2
lg[д/（°）]

���Dh

(

�

%

#

)

"(

#

$

)

#(

#

%

)

&(

#

&

)

*(

#

'

)

%(

'

>

!

"

,-.jkl

&'(

(

,-.

(

)*

mn3

!+,-

.

!

op5qr

�

%(

��

!

MNFi

!4

Ã

"

iÄ>ÈÉHØ

!

,:

;

<=

UIÊGpO

'

Ë8ñ����ofÌÉ

>hi{Ía

!

`)*<îRüýiÄDH

!

õN

øÎþ9/#½

!

V÷ÉÏ�EFY,Ð�WX

Ñ<úi���_@WX

'

���Dh[�

*(

��

!

ñ�

.15

i{z|ÒÃ#1���of

i{Ía9/ÓI

!

.15

HNÔÕ`���o

f

!

ÖÁ×���õNøiüýÄD

!

=Ø�_@

WXiV÷

!

(/×hv.

,:

;

<=

UI

#

`���

Dh�

*(

R

%(

��

!

_@õN&øV÷×<�

ÙÚi_@WX

!

MNFi

!4

ÈÉÄ>

!

×Ã

"

iÄ>v.×pOi

,:

;

<=

UI

!

(/`

.15

(

���

(

2+

MNb�:

!

($6#

�

.15

�Iif

g���Dh�

&(

���

!

$%ËÊDh

!

MN

FÎþV÷_@WX

!

=Ø�G&ÛìlÃ

'

A

Ü

!

ÃÝ���DhiÄ>

!

Þß_@WXYZi

"

à[

!

`���Dh�

%(

��

!

ám`<[

"

"

s�

"'R

$

H

!

!4

êHØOâ

'

ËsñüýV÷

i_@WXã>l<ä

!

`<Ù

"

HåÃæÉU

Þß

!

ËÉ��»ÚF@Ûìl

'

#"#

"

!"`^

���Dh�

.15

(

���

(

2+

F@Y,¼

½RY,çl�Zi¾¿HÏÏÀ

#

Ro

"

YÁ

'

¹À

#

Ro

"

jqÂv

!

ÃÝ���Dhi

Ä>

!

.15

(

���

(

2+

MNFièé�ø

"

S"

ê

ë

'

���Dhñ

"(

�Ä>K

&(

��

!

"

6(

ìí

îñ

6$'"?E<

êëK

"&$%#?E<

#

&�ÃÝ��

�DhiïðÄ>

!

"

6(

Ä»Gñ

!

`���Dh�

(6&

E

"

F

"

&

"

¥

""""""""""""" ""

#("%

ª!

)#

ò



!

!

"

0

8

16

24

32

40
转

矩
/（
dN

·m
）

10 20 30 40
时间/min

���Dh

(

�

%

#

)

(

#

$

)

"(

#

%

)

#(

#

&

)

&(

#

'

)

*(

#

(

)

%(

'

>

#

"

,-.jkl

&'(

(

,-.

(

)*

3U

!"op5qr

s

!

"

,-.jkl

&'(

(

,-.

(

)*

3U

!"`^t$5qr

�

""

 

���Dh

(

�

( "( #( &( *( %(

"

S"

(

?E< &$"( *$!% %$)& )$6! '$#! 6$%&

"

S#

(

?E< &$&& %$(( %$6' !$*# '$6% "($)&

"

"(

(

?E< &$"' *$6( %$'# !$&! 6$#( ""$#"

"

6(

(

?E< '$"% 6$'" "($6! "&$%# "'$'% #)$%&

#

K

("

T2

,

?

$

($(% ($"( ($"( ($&( "$!% %$#"

#

H

("

T2

,

?

$

"&$#( "*$*& "*$6! "'$6! #)$#! &#$))

%(

��

!

"

6(

ÇK

#)$%&?E<

!

óp���Dhà

>

!

�

.15

(

���

(

2+

MNFiY,íôÄD

àpO

'

`���Dh=>�

&(

��

!

MNFi

#

K

1h_Ç���MNFÝõ

!

óp/�

.15

iof»lÄDÖÁ×���`MNF:V÷½

"b

#

���Dh�

*(

��

!

MNF

#

K

�

"$!%

T2

,

?

#

���Dh�

%(

��

!

MNF

#

K

Ç

%$#"T2

,

?

!

v.×pOiö÷.ø

!

ùúÝ�

��Dh<*�

!

���`MNF:HcdeJ

ä

!

V÷Ê@½"b

!

F@Rhå*

'

ST

U$K$K==

*

"(

+

R

.V:

W

:<XY?:Z0:<T:Q

�

*

""

+

i3Í

!

��ÐÑHciEF

3

_@b�

!

Y

,RhY,d1i_ÇEFb�_@½"�

"

Û

bî'bt

$

8=Ê°i

'

�_@i>lHIj

qÅ%HËU5Lû

%

#

Z

[$

?E<

!

\

(

$

?E<

!

W

"

"

$

#

Z

[$

?:]

!

\

(

$

?:]

!

W

"

#

$

%[

#

Z

A#

Z

"

&

$

ü:

!

#

Z

�Ý�ý�

"

_Ç1h_ÇEFiý�

Þþ

$#

#

Z

�Ý�Rh

"

_Ç1h_ÇEFiRh

Þþ

$#

$

�¥ÿ

!

H!

\

R

W

HÏoÁ_Ç1h

_ÇF@

#

%

�_@fgHc�Z

'

U$K$K==

*

"(

+

\Ê"åv×

#

Z

R

#

Z

jqñÝIF@i

L̂ +

"

#$%&ÛJJ

$

ÛJ'À�>

'

ØDo

"

ZTRü

"

"

$

!

"

&

$

jq�(v

%

þ

!

q

%

����DhÄÀ

!

uÀ

&

'

%

8_@`

��?@:Hcd1iÊsh�

'

Æ_@HcÐ

Ñá-Év.pOi½"bmö�

!

%

þ<[

#

Æ

_@`½�¾ab:V÷½"b,mmö�

!

%

þÈÉÄ>

!

(/jqØD

%

þiJ,[\_@

`½�¾ab:iHcdeRfg_@Dh

*

"#

+

'

À

&

:

!

���Dh[�

&(

��

!

%

þJ,<[

àa;)*=J

"

%

þ[�

%

$#

Æ���Dh�

*(

��

!

¼½+EÈÉ�÷

!

%

þÇK×

&&

!

op

/�_@½"bix,mö1Ù_@Dh�ix

,möpO=L

'

Æ���Dh�

%(

��

!

%

þ

Ê8ÇK×

"("

!

ópïðÄ>���Dhjm

���_@x,möuK\Ê"ÙÚ

'

Y,JZ

'HImnRY,çl�Z9>mntop

!

.15

Dh�

($6#

��

!

.15

(

���

(

2+

MN

F:���fgDh�

&(

���

!

$%ËÊD

h

!

���HcdeJä

!

þ#½

'

0

20

40

60

80

100

120

10 20 30 40 50
白炭黑用量/份

Ｌ

>

$

"

&'(

(

,-.

(

)*

3U5

"

g,-.jk5;u

#"$

"

abcd

=L���Dhi

.15

(

���

(

2+

Y,F

i

./0

�·ÏÀ

*

YÁ

'

¹À

*

jqÂv

%

À

*

"

:

$

:���HcÞ<

t-

!

ÑV÷i_@½"b.õ<[

#

À

*

"

_

$

:

���DhÄ>K

&(

�

!

_@Hcde/Þ<t

-

!

7_@½"b01<À

*

"

:

$

Ä>

#

À

*

"

N

$

:

���DhÇ

*(

�

!

jq-2ðÂKÊ@i��

"6&

«¬­�

$

Y,JZ'HIUV[\���`��EF:iHc5�



10 μm 10 μm 10 μm

"

:

$

���

#(

�

""""""""""

"

_

$

���

&(

�

""""""""""

"

N

$

���

*(

�

"

>

%

"

vw,-.jk5

&'(

(

,-.

(

)*

!"35

&/0

xy

�½"b

!

>01i_@.õpOÄ@

!

op/�

���`EFab:Hc3^

'

=L���Dhi

.15

(

���

(

2+

Y,F

i

1/0

�·ÏÀ

%

YÁ

'

0.2 μm0.2 μm 0.2 μm

"

:

$

���

#(

�

""""""""""

"

_

$

���

&(

�

""""""""""

"

N

$

���

*(

�

"

>

1

"

vw,-.jk5

&'(

(

,-.

(

)*

!"35

'/0

xy

""

¹À

%

"

:

$

jq-2ðÂv

!

���Dh�

#(

���`Y,F:Hct-

!

Ñ>ßH_@4q

<[.õ56Hc`EFab:

!

<7É_@,

m.ø

'

À

%

"

_

$

:

!

_@½"b.õ8PÄ>

!

_@HcdeÐÑ

!

Ñ_@,mê<7

!

_@½"

ba;®�56H9d1

'

À

%

"

N

$

:

!

Æ���

DhÄ:

*(

��

!

���9/×pOi#½.

ø

!

É<@_@½"`Ê;

!

_@½"b&øV÷

×,ðH9

!

56H9i_@½"b<7

!

óp

*(

����`EFab:<v.Hc3^.ø

'

=�Yû

!

&

s9:HIUVYu

.15

Dh

�

($6#

�i

.15

(

���

(

2+

b�ifg��

�Dht�

&(

���

!

9:mnÊ!

!

opc\

þuiY,JZ'HIUVjD�EF��?@

�U����_@HcdeRfg_@Dh�v

[�

'

$

"

ei

+,-

!

./0

R

1/0

!

qrY,JZ'HI

&

sUVtuv

.15

Dh�

($6#

��

!

.15

(

�

��

(

2+

b�ifg���Dh�

&(

���

!

Xp�Y,JZ'HIUVD�EF��?@�

U���

!

j�_@HcdeRfgDh�v�

�[�

'

tzAB

%

*

"

+

,=<

@

HK

!

KEYK

!
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W

b̀ ÊS
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����23�5YZ()

4>&?@

%

17&&($&'

8

!

""

ABCDE

%

^

""

ñ:�CD,&©�ÉxyzR:�CD,

&©�ÉxyzCD,&A'²³(EFiGØ

"

y8H

"

B2"(&%'6*%&-

!

y8I"

"

#("*3(#3

"6

$-

ÊsBJEFDiÁÂUV

.!

åK×ÊsB

JEFDiÁÂUV

%

�L@D

"

M�NÁOvD

R

(

àM�NÁOvDiPQD

$

1ÓM�rR�

OåSTiOv³M��

!

\�OåSHß

!

1¹

O å S � ß \ � i O å M �

"

ñ · M �

RÓM�U÷

!

·M��BJiM¿l>��|

JiM¿l

$

VÛWX

!

L�

B

)

!

B

"#

iYÀ|J

\�OåSHß

!

SZuKiå[³P\YÀ|

JRM��uKå[D

!

STuKiOv³iÊ

ßH1L@DrÓM�M��

!

]µ^OåS

'

_9p`aUE*

!

OåM�ibclÑ

!

BJE

FDdE*

!

ÑeµBJ

"

,-HS

$

ifÌhÙ

!

@

µBJÀhHZ[�

($(&

!

ghij

#((%

(

)6

(

/B

kl¸m

'

"

./012

"

3

"

4

$

&6&

«¬­�

$

Y,JZ'HIUV[\���`��EF:iHc5�


