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Graphene as beneficial additive to water based semisynthetic cutting fluid for
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improving friction condition between materials of carbide and steel

YAO Bin, HE Yuchao, SUN Weifang, CAO Xincheng, CHEN Bingiang, ZHENG Qing

(School of Aerospace Engineering, Xiamen University, Xiamen 361005, China)

Abstract; Carbide with its products is extensively applied in the field of mechanical machining of metal materials. In this study, graphene was

employed as a beneficial additive to semisynthetic cutting fluid 3034, and the related frictional characteristic behavior was investigated via

experimental on carbide-steel friction pair. In the experiment, a ball specimen was made of the carbide material of YG8, and a disk was made of

the steel material of 45#. On the basis of ball-on-disk friction pair, experiments were conducted on a tribometer machine. The mass fraction of

graphene in the tested coolant ranges from 0. 1% to 0.9% . Surface topologies of the specimen were investigated using a laser confocal microscope.

The scanning electron microscope and Raman spectra analysis was used to analyze wear mechanism. Experimental results revealed the improvement

of lubrication condition between carbide and steel is substantially improved, demonstrated by the decreasing of averaged friction coefficient by

12.9% 10 57.3% as well as the decreasing of wear rate by 33.82% . The resultant cutting force was decreased by 18.58% compared with that of

semisynthetic cutting fluid 3034, and the surface roughness was reduced by 7.5% of the machined workpiece.
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{505 e TR = o Y4 1 R T B P2
Tz TR U A2 BRI 7T
P AR T AT BT A 4 70 BLAE i T
PEUF IR SR AR, D)8 5 00 A 2R R B, T
i T IR, SNSRI VI BT UTHIRR
TEME T B IR RE A AR i A A )
R A0 A5 A 00 P 45, O T 2

«  UrFEEHA 2017 -05 -26

P A S TH R e T B A i AR UE R
R AR IR AT R A2 ARk, SE T
)t R T PR 5 A R E S I A A AR S A TR S
SR A AR

Lian S5 Hi 8 1o il 25 B0 = gy U0 A 1
T 0B e DT = A A 9 9 T R s U
(PO BRI 32 R B B M RE ™ o Zhu SRR

EETE : HEK A RR2EILE BT H (51605403) ;7R HARFF 235 4 E B3 H (2015A030310010) ; 45 @245 [ SR Bl24 3k 4 1
- BEBIIUE (2016J01261) ;4@ @24 77\ H ARG B & W09 B B (& S 98 [ 2016 1482 45-)
YEE N HoR (1963 —) , 53 WL AR, 0%, 1, 11 2R 2, E-mail ; yaobin@ xmu. edu. cn



54 1)

R, 55 - A7 SRR AT N KIS DT AN IR ) B 65 4 — B R EE SR A R S0 M - 143 -

i M =, DAV KU A D7 s il DD AR X
DA D 1) 1o R 1 A B R TR e R A
Liu S5 K 78 A 0 v S I 50, 1670 - JE 4%
fiah 2 T2 FSCRA Do JEE S A P P 2 AR IR, AT i
S TTHG TR B 3 Oy W e 5 R
JVEPES, EN s 1 2 e, S fe i 2L
BN IR T TR A 2R

IKFELTHEE S PR TN T )32z A Ak
PESERI T R A I, b £ D) e
o LG BRI T BE A R
AU SR AR A R K e A B
VHFAEE R ER——IE R E . N T e
AN, AR SCIFTE T A 82 B IR0 7K e~ 45
DYHIBIE T ORI O o

A B EA R T IR B R A D P A
JEE SR AFPERE ) ML TR A A AL R
AE R AT . [ NN A EE IR R I K
A1 S8 AN A 20 DA T B S ) o B SR
52N o Chen S5KF Al T 7K B 40K A1 88 4F 9 I
JnFFIA QDW618 K IV HI  , H-ai 1o U 1K
I ML PP RE , 4 SRR R
SR DT MR TR 0 ) B 4 R O AR . Chu
SFOFTE T AR S o SO SR A S SR DI I
XY F1 AT

SN, F A S0 T I T T AT R
SO TE PR A BE S R, URERDRL R 5 H ZU
GCrl5 A Hak ! o 11 SEBR LM L
AR 50545 ) LI 3 T PR 5 A O B S A 2
Mo H AR A il ol v, P e 3R TR (284
PIBARL) B T e A A5 A O, o T He
5 ) B . RS - BIPEAN
FABE” B 45 B 2 BUACE 3 Ot W 5 2l
PR I A 88 0 F hy 5 X 2 2 482 il )
T A R S

1 AEBEFVHEIEHE S

ARG A A S M B T U H IR T A T A
IRBCHE VTR TR A1 SR I A o A 2
MK PE (W 8 G T JEA A 82065 BRI A PR
R TR A BRI R M RO 1%, 23 BIGR D —
FJE FHE % ) 1 D DTS as 9], PO A )
T 53 HCE , REA S5O A T UIH

IRIEDT L 3034 245 iR ZE DT (1
LT TRCER T30 A BR A W), 6 ik — 2
M BRI 5% , A5 21 41 2B MK A5 3034 45
JEATHIIRIR 45 10 B PR SR 20 %0k 0. 1% ~ 0. 9%

1A 2B B DI, BT ] S8 58 10 A 5806 2
TRV AR Ze 3t 10 min HEFEAT 1 h #8754k 35 Ak
B E NP a3 i o i R R o O 3 D W D
TCE T T RIS 8 F VTR, 1 %o R B i o
K 0. 1% 141 8546 8 5 VI I, 3034 32718 3034
PG I . BRI B HE T 7 KIG A
SR BT VIR AT AR 235018

BT A s B DI HI

Fig.1  Graphene colloidal suspensions

2 EZEERRRSEZERHNE

AT S BR A BRI AT YG8 - 45#7 BE
15 ZR B e/ MBS LGS 7 e A A S8 T B
2.1 RBEEEFR

JEEE R 00 & FE CETR UMT — 2M JEE 48
PUAIALCAnE 2 PR ) bakAT, il 4 e =k
FHCBK — M (AN 3 FraR ), iR [ E R
3, MAMETE IR T s St iz g, BAR
IR 51 g AR I AR A 20 N, R 3 RE e B
600 r/min, 4} [E] 30 min, £ E R 3 K.

R Ak

RIS AL
B2 BRI AL S IR g bR
Fig.2 UMT-2M tribometer and experiment material

I EEEE I 1Y bR R A BT A Bk (L
YG8, HA%:9.525 mm) , B @ fE4s ] e Hp, T
A R A (5 45450, $50 mm x5 mm) | F[H
St PCAb R BT AR 7R R F R TERS
UE 4 UK, BRK 480 s, FR TS A

VRV A TR FH 3034 2 B 1l BT 18R T A

ASHERALE:



- 144 - EE iR S T N e o

55 40 &

N0 1% ~0.9% ) 22 B IF VT HIR . 5w
FEAR R 9 THDRELRE B2 L A 7] 28 fa7 77 0 AH ] 3 il
FETUT 0 PAS ) J5i S 4 B8 1) A 85 0 2 o D HI IR
X YG8 B 454 R A5 #4M 1 o BE 358 ) 1) B g2 e
REMRZI

e AP YGBHH )T £ Srhk (LA

bzl i

A5 (TIRAE)

K3 R AR R - SRR Al X
Fig.3 Ball-on-disk contract form of

friction-wear experiment

2.2 REAKREERTE

XA N AR RS Y BE I R BUF 9135
SEME, A3 3 TR 3034 25 DT AN [F] 5T
RO SR EF UIHRIE T BRI T YC8 B i
SR ASHHA LT I PR P-4 EE AR R R, A 4 e
/Ro Hirfr 3034 FR 3034 245 BT 0. 1% %
IR IR 0. 1% (R A7 S8 2 VTR .

0.4 T < T - T 0.04
—O— RN
{ — - R

-2 B R A
[=1
[\

BRI R BT 2

0 I I I3 I I3 I I I3 I 0
TFEEE 3034 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.7% 0.8% 0.9%
LR THL

B4 PR R RS bR

Fig.4 Average friction coefficient and standard deviation

A BRI T A 43 BN 0. 5% B JEE 52 R R] 17y
SPIY EEE R KRN, 9 Y G — 45#” BERHE A A
SRR RV TR BORARN A1 B0 BT
DIHIB b A s & B /D, 3034 2 & UK B DT
Ok T AR, ARESE & A A1 82U T I PEBE,
T J5 8 3 K 1o ) A1 s e PR DT A A S0
R A B 2 B EE SRR R 1, BELWTIE T i
REC T 1 S0 4 ) 22 T B 45 0 P
PEVERE BT R o

MIE 4 0T LLE T EREE R 3034 24 Rk
LTS (bR v 25 B /N, 100 BH M B 178 88 4 2R 4K
R W ah B /e T EEHERAS T I B 38 R BT
WEZE IR, BEAR BB IR S AR A o 1 (5 P o it
IYECN 0.1% ~ 0. 9% 41 58 45 B 77 VI I 5 0 E
5 R BObR 25 35 R T 3034 2 & ik ZE 1))
T, VA A SRR S 7K SR U #1080 o 7] ]
DL S PRI 1 R 4, IR L YG8 — 4547 2 [
1) EEJER B 40 I DL AR A5 N PR, BEHR R B Bk
s,

E5 k3034 4 B 5 0o AR
0. 5% 1) £1 5975 22k 17 D) 1) V0V 44 2R HOME 232 % 32 )
RO e B S ] DUE ), Tt 40 50k
0. 5% 1) A7 58 475 7 V7 1) I V00 1) JBE 42 2 B0 A 7E
0.05 ~0.07 Z[a], 3034 -5 b VI H ik ) EE 45 &
KRR 0. 14 ~0. 15 ZJa] 1] T 47 SR IA1E A K
A O EIR B 7 2 5 B0ORE 8 R B B
R AL AR/ INTF 10 R 58 00 3034 245 1 VI I

i R AL
bd
02f i SRR
MOMMHQW¢ML,H}X”¢_;¢
e BESHCH05%M o
¥ on| ABBERDEE |

008\

Q04 -2 i

0 0.62 0.‘04 0.06 0.(I)8 0‘.1 0.1‘2 0.14 0.‘16 0.‘18 0.‘2
B RN
S 3034 4 BT S I AMEON 0. 5% 973 B
AT D) 0 £ 2R AR 3 4 2 A1 R RN EE
Fig.5 Friction coefficient probability density distribution
function under semisynthetic cutting fluid

3034 and 0.5% graphene colloidal suspensions

PRI A LA B0 2 B PR IR 58 1, YG8 B R
B ASHIE BRI I 1 B PR 17 SR )
MU 4380 0. 5% , e it 43 ¥ 9 47 340
TRV B D 57. 36% H) - 2 EE R R AL
I ELRE BB LIRS B b

3 RAEEREER

SR T S B N R A I A5 R R, R T 3
R T Bt (Keyence VK-X100) X 45 # 44 43 A1
YG8 i 745 4 33K B 452 s 400 1 0 J 110 B O 6 e 3
AT PRI A H BV, JF A i B A =015
SO0 BB IR AT B AR LI 0 o



54 1)

R, 55 - A7 SRR AT N KIS DT AN IR ) B 65 4 — B R EE SR A R S0 M s 145 -

3.1 EBREHENE

B 6. [ 7 N7 3034 U Hil A T o B0k
0. 5%Eﬁﬁ%kﬁaﬁﬁcfﬂéll/&/lﬂ{%ﬂ#?ﬂ@%ﬁz
WIESR . MBI H RIS, 76 3034 2145 i b H R0
T BRI S IR b A0 — 45 B 2 1 v 1 (Il o
TSk IR A ) |, A S Ak VR DD IR W A T
R BRI s I 2% 1 45 R P, (AR T AT SR AR AE T/
ST, TR R A BB LR, BB R T A
3034 f=F D) I VBRI A A5 0 2 T V00 RO U A
554 202.3 wm I 165. 8 pm, R0 A B4
A SR DB 0 70 R vk B 46, S i T 1 i o

(a) EilHER
(a) Wear of upper sample

R = a2 L7 A
"‘. /',:‘v. j 4 S ..
X 7 *',};7‘;"‘_ )
Y ,,’ PR
. P R4 i, b
l ;‘ ; e~ R
o Y v 2023]1!11 & A5 d
b 5 A e
y /\& o (LI
/ .mVN":' , '\ X @yﬁ Y > l.n :
P d ST e Vi 1Y
Wkt > o AN A M Ay

(b) TR Y
(b) Wear of lower sample
K6 (TN 2 F 3034 5
DI 1o R A0
Fig.6  Optical morphologies of wear tracks under

semisynthetic cutting fluid 3034

Wb Rt

(a) bilFEm S
(a) Wear of upper sample

) '| ' _J

1 A - ™ . N i ol {,
) (s » WA '-a'

v NP L
Y ?-\,N* J e
B2 7 vk el R
gl N P

(b) TlFE R R
(b) Wear of lower sample

7 (AT v 2 B 43 50k 0. 5%
A1 S RRF TR A B R 3
Fig.7 Optical morphologies of wear tracks under

0.5% graphene colloidal suspensions

Y SN T AT R R DL L 4 T RS
IR BRI . InIEl 8 (9 R BRI
1.379 5 pm T4 T 1.067 4 pm, FI&T 22.6% .

1.379 5 um

0 20 40 60 80 100 120 140 160 180 200
K/ um

8 A 3034 DM T
URE A Rl T ]
Fig.8 Outlines of the wear tracks of lower sample under

semisynthetic cutting fluid 3034

T/ um

0 20 40 60 80 100 120 140 160 180 200
KE/um

B9 AN 0.5% 1 88 7 VI
RS SR 53 R A 0 [
Fig.9  Outlines of the wear tracks of lower sample under

0.5% graphene colloidal suspensions

3.2 BEmiTm
Y S E PR R B BE SR AT O
RIBEARR ¢ REZALEBE I, (1) PR,

Vv AXL
¢ = F, xS F xS (1)

A VRS AR F, 3 158 D I A
PR L o B IR R s A g B ot 1w AR, ml g 30 (2)




- 146 - e AN o 4

%540 &

A = %Z fih(x)dx (2)

K ca A b N R AE JET 0 55 n T (AR 3C
PRI 4) 5h () R AR R IA

VL A% B A8 X I S T 49 S A 4] 10
B7R o

9:2.
8.951
8.7

i/ um
o]
N O

4l1 8‘2 1I23 16I4 2‘05
KE/um
P10 DU AR 5 A0 XoF I ) 8 T S 453 5

Fig. 10 Wear outlines of four experiment paths

1 Rl 3034 2 BT ICR T 5 43 5
0. 5% )£ S M= T U RO T 250 A R it
FEERPEAN o AT LAE L, T EEHRIRAS TR (Y 450 %
N 127,692 x 10 ~*  EER R IG DU 45 W4 ) s
BT BB A A 3034 25 iU H W i R
TR N 4.191 x 107, B FEEEREH
PRI B 35 5 dc A A 8 0 A2 B VD I 5T i O3 BK
0. 5% IRZS T B BRI R B /N, Ry 2,773 x 107° 4%
3034 5 UTHIBCARS T A 33. 82% ny ek, fie
% i 2 A 3034 25 /K HE DT IR %) T PR BE
WD 4 — SN REZ ] B B A0

R EHRIEMN

Tab.1 Wear evaluation

3034 4 J i ECh
WA TEEE ﬁE’QJﬁUi% 0.5% 115
I B IF VTR
L *ﬂﬁﬁ’u‘/ 4596.825  150.897 99. 863
m
(%T’i%) 127.692 4.191 2.773
AL 42
T TK:97.83% ;
A0
Jgff/foﬁ FEHRIE  AHIL 3034 2f
96.71% B YT
T 33.82%

3.3 BEIREHEST
P11 P 12 Dy A 3034 ) HII 90 o 20 A

0. 5% H)A M B VIO 2 24 T 0 1 i
JE A4 H.4% ( Scanning Electron Microscope, SEM) [,
M 11 (a) (B 11 (b) 7T LUF W38 4500
3034 25 TN AR T B 1B 2 i AL
BE I AEREE R M ST RI#E IS, e TR E
JEASURRIEARL S, PRI 2 [ B BB 1R Uk ™
TIAETE T AR BT 7 80 0. 5% A 22 4
BTEUIHIR S CINET 12 F7R) |, BE IR R T AR X P-4
HA RIS, SO BT AR A 45 Sk 7%
MG FEICA D, U 8848 1E S DI
PSRV RT L 2 Dl B R 2 [ ) B O

(a) 5000 £i% SEM %]
(a) SEM with 5000 x magnification

(b) 20 000 f% SEM &
(b) SEM with 20 000 X magnification

16 000 T s T
Element wit% Fe
12 000F Fe K 93.96
5 ¢ K 0.12
<
5 800 Fe 0 K 2.47
E
4000+
? J
O =% r n T
0 2 4 6 8
A& /keV

(c) EDS fgjkI&l
(c¢) Corresponding EDS analysis

BLL W AR 3034 5 T
T IR SEM [&]
Fig. 11 SEM images of 45# steel disk worn
surface under semisynthetic cutting fluid 3034



54 1)

R, 55 - A7 SRR AT N KIS DT AN IR ) B 65 4 — B R EE SR A R S0 M $ 147 -

A

(a) 5000 {5 SEM &
(a) SEM with 5000 x magnification

A

M5

N\

(b) 20 000 5 SEM &
(b) SEM with 20 000 x magnification

16 000
Element wt% Fe
12 000 - Fe K 88.61
5 Fe ¢ K 7.59
«
>~ 8000 O K 0.45
i
=4
4000 -
C
0- |
0 2 4 6 8
B/ keV

(¢) EDS fEj&[&l
(c¢) Corresponding EDS analysis

12 A AR R O 0. 5% 147 8805
AP T iR R SEM 4]
Fig. 12 SEM images of 45# steel disk worn
surface under 0. 5% graphene colloidal

K1 (c) AR 12 () Xt 11 (a)
K12 (a) th % R 26 T AE 28 X 30 E 17 B 1 X
(Energy Dispersive Spectrometer, EDS) 43 #7 ] fig
TEIE . AT 7RI T SRR 3034 £ 5 DT H
T IR AR I SO G R B ST 50N 2. 47% T A
T A R A3 ECR 0. 5% B BB M B 1T YT
BT IR TAT (Y 4R 0 3R o i 0 MU 0. 45% , 3%
HIAE 3034 245 B DI W0 18 2% 10 T B IR R T &
A= TR IR ZUR AL LG, T A A0 S T
ATLTE— @R I AR R A

i3 EDS BERE AT LUA Hh 3 45 4F o BT 7y
K 0. 5% 1) A 8805 B VI I T IR 26 1l ) Bk
JLER TR 7 RN 7. 59% , e T 25 1 D 3034
P BUTHIBC T BT R A SR 7 4 0. 12% o 1X
R T ARl RER R T BRI R B S T
IE— AR, R IDSpec ARCTIC B f3tt£R
P RSO IR R A T 70 HT o

X B 8 PR A 1 I 1) U P YR T AL
SN, RLor B Fs EERL A . W l&T 13 B,
TE 3034 453 )8 UTHIEAE I A R AR AR
685 cm AL Fe, O, (41 S FFAE 0, [W] A 5 5
EDS 734 th 0K 1 B o0 ey, itk — 2
UERA T RE R R A — 2 RSB G . IR EE
T 26 1 D A 220 8 1 DD HIRUS B 03 18]
RIAE 671 cm ™" BT AL H B Fe, O, 4L 2 RFAE
e, {55 245 3034 -5 BLUTHIRAE o T T A I 4
PF TR EEFZ A EDS 2347 b s AR TR 19 i
BIMEULAT 0. 45% WA A 8206545 YT HI i
AR AT DA A SR K A

Wi 13 5 IE 14 FroR, e i 80 0.5%
184 S0 E I DR D T 0 25 0 1 ) R e I
JRAE 1350 em ™' 55 1588 em ™" B3 1 BL T 4R i
A1 550 D UEA G g, D WS 1 A BB
R, G WEARIRHR I SP* A4 Ak i 1T 3 I 4 4% 30
RIS 7E 1620 om ™" HH L D47, 3408 T G i, it
B AR PR R I O AT AE AT SRIGASAY o DR AT DL
W e EE R IR B2 R, A SR B T EE 4
N TP AT SR PRI B 1 S i ] e EE 45
PRBE , AT A B D EE A o

7] s 300 2o o 4 1 2 1 A1 0 B DY )
P& AT £ B AL PR AE 22405, 15 3
VER IR THT 5% B A S M 14 TR 2 K24y 68%

,,,,,,,,,,,,,,,,,,,,,,,,

W /au

D'l
(1620 cm™)

500 800 1100 1400 1700 2000
HL S5/ om!

B13 R R 2

Fig. 13 Raman spectra of 45# steel disk worn surface



<148 - [ BB K

55 40 &

D

Fe,O NiE=¢ e

))_\ W H A B \.
AN .5

400 600 800 1000 1200 1400 1600
HL SR/ om!

E/au

1800 2000

Bl 14 AR R 2RO 0. 5% B £ 8l =TT
DM T hr ek ez s K
Fig. 14 Raman analysis with Lorenz fitting under

0.5% graphene colloidal suspensions

4 1IHIsEI8

R T BUE AT B TR U HRCTE SR ) 2o
T RE 48 AR A 38, AR 95 R824 D0 1 S 56
SN E R RN 25 S YTE T
(EETE R A
4.1 VIHIEZWIEEREH

VIH|SE30 4 CA6236 38 4K (L FHALIRT )
AT R 15 Frs B SER 5 58, DI i A o
K Kistler 9272 1 Sy (SO VT F1 047 2R 4 , RefE
SR 200 Hz, Jf 78 Y) HI 52 56 J5 R A Mahr
MarSurf PST i 48 2 5 4SO i T 5 19 T4 3% 1
RS B 61 T

VIS5 R FH YG8 B 5 42 ) % 45440 T
PR T OISR B LA = F . OF
DI s @ F 3034 24 i U1 i v ; O 18 o it 4
HOR 0. 5% 1) A7 BRI B VR DI HI . I 5256 1) HL
RSHNFE 2,

Bl 15 IEISes T &

Fig. 15 Cutting experimental scheme
4.2 {JHIA
16 Jr7s o =R 2646 T RIEII 1 o .

R2 VIHIZHREGSH
Tab.2  Summary of machining conditions

TAF A5#HIFIHE ( HAZ :66 mm)

TR TR AR A VT BB AT R A
JI R RIS .31303C YG8 0l T H
JUA 2% i ff 20°, 5 #f 8°

& 30 m/min

DIl
YIHIRE 0.1 mm
AT 1% TOIHI
2# {111 3034 -4 HVTHIR
34 TR I EON 0. 5% (91 B4R B 12 V)
il

¥

MBI R4S  FEARR DI HI 80T I 25 i
G3EN 0. 5% WA S50 B 17 VDI VR o 45 1 R
T-UTHIFN 3034 25 L UTHIROA LG - ) 7 530 %
11§ 33. 68% F130. 9% , 12 1] 143 BIF#A 29. 01% F
17.85% , VI J1 53 BIFEAK 25. 25% F1 18.55% ,
Y2 145 B4R 26. 63% 1 18. 58%

JEHME 16 Hra] LI Y, i 7050k 0. 5%
1) A S0 22 P DD IR W 25 F T R U0 0 s o
22t/ , 3034 25 BUTHINRE i A5 IRz, T
PEEAEE I e K, e W1 A 07 B P VT I P LA U0 )
I R R E , VI 1 sl B A 20
B IF YT AT LAFE Y DX B R G A i IR
FEAR RS R 40, /b TV B 1 S5 Y8 5 S
TAFZ ] RS (A5 ED HI 7 AR

15 60
Z 10 & 40
R R
0 0
1# 24 3¢ 1# 24 3¢
e HlENEE SEs
(a) iy (b) 217
(a) Feed force (b) Thrust force
0 100
z <
R 8 60
% 40 j?: 0
H 20 R 5
O 0 2w T 3¢ O T 3
ahig ks EREE St

(¢) EVIHIS

(¢) Main cutting force

(d) VIHIEH

(d) Resultant cutting force

Kl 16 N[l 26 1F T B LTEI g

Fig. 16  Cutting force under different cutting condition



54 1)

R, 55 - A7 SRR AT N KIS DT AN IR ) B 65 4 — B R EE SR A R S0 M $ 149 -

4.3 THREHERBE

YIS 56 54 0 5 A4 3% v R R
%t 30 min, 3 Mahr MarSurf PS1 i 4 = ] &%
XN A AT 4 R RS R {0 o, 0] 4 2% 2R
WE 17 s . RETEARRIDIHISECT I8 &1
KISR0, 5% WA 55065 2 T U0 HI R 0 T v
AT R T UTHI RN 3034 2 ) HIBOR 2 AL
REREEE 27 N % 15.64% F17.5%

34

g
W
1

=
w 38
L L

T HURE B/ um

o
9
1

(=]
!

1# ' 24 34
HEN:g 34s

P17 NIRRT AR AR TR A
Fig. 17  Surface roughness under

different cutting condition

DR W7 SRSl 3034 224 1 B0 198 i 8
FI AT LAFAR I8 3 A0 15 1A B 26 e LR i
8, 3 M T,

5 #it

AR SCWFIE ) A B8 0 A2 17 VDA B 3034
A LT HIBC LA SN S R R, RS
A0 BRI VS IR T 7= 2 R ek e et . R
R LT .

1) B 820 VR 3034 45 UK B VT HI 3
TN 6% A st LV T R, B A B 0 O A 0 K
Al HEEE R B T 12.9% ~57.3% Z [A] A
)R B sl , I ELAE 45 #40F YG8 1 i 75 4 14
MR S JBE 8 ) st 2k 7 DD V0 ) A B8 0 o I o
Bk 0.5% .

2) BE S R A R RE (]S AT Ok 11
AR B0 X IRFE (45 #5058 ) B IR 58 30 1 748
I, R EE B R A AT S AN . PP S5 R 3R
B R AN 0. 5% (1 47 88 0 2 7 U0 1 VM Ee
TEEFEEFN 3034 =45 YT H T T PR BT T 1Y B 4
ZAT 97. 83% Fl 33. 82% [k /D, Fe s i 2 vy 36 B

3) i3t EDS 4 At AL ik i & 2, ff
A1 SRR T VTR Ry T 0 A T I, A 0 e
FEEPERIF I, JE A7 BRI 2, i A B S
1) A A 2 kTR ] (10 JEE B2 B 5, A T 81 i 2

MPEH .

4 FEARFNREMEZEAE T, 24T YG8 Wi &4 )
Froxt AS#8d TR 9L 00 . SRR 2 R30I, 1
HFEIEIZ BT, 18 1 2 1 i 7 B0 0. 5%
1 A7 s 0 6k 1 U1 H IR0 T 8 % 1R D T DA
3034 -5 VTR L REAS AR VT 7, s
T TR .

52 37k ( References)

[1]  Fan Y H, Zheng M L, Li Z, et al. Cutting performance of
cemented carbide tool in high-efficiency turning Ti6AI4V [ ] ].
Key Engineering Materials, 2012, 522, 231 -235.

[2]  Mgwatu M 1. Integrated approach for optimizing machining
parameters , tool wear and surface quality in multi-pass turning
operations [ J ]. Advances in Production Engineering &
Management, 2013, 8(4) : 209 -218.

[3]  Paul P S, Varadarajan A S, Mohanasundaram S. Effect of
magnetorheological fluid on tool wear during hard turning with
minimal fluid application[ J]. Archives of Civil & Mechanical
Engineering, 2014, 15(1) ; 124 —132.

[4] Lian Y S, DengJ X, Yan G Y, et al. Preparation of tungsten
disulfide (WS 2 ) soft-coated nano-textured self-lubricating
tool and its cutting performance[ J]. The International Journal
of Advanced Manufacturing Technology, 2013, 68(9/10/11/
12) : 2033 —2042.

[5]  Zhu H P. The application of low-temperature cold air-minimal
quantity lubrication technology to cold heading die [ J].
Machine Tool & Hydraulics, 2011, 39(8) : 44 —47.

[6] LiuJY, Han R D, Sun Y F. Research on experiments and
action mechanism with water vapor as coolant and lubricant in
Green cutting[ J]. International Journal of Machine Tools &
Manufacture, 2005, 45(6) : 687 —694.

[7]  Smith PJ, Chu B, Singh E, et al. Graphene oxide colloidal
suspensions mitigate carbon diffusion during diamond turning
of steel[ J]. Journal of Manufacturing Processes, 2015, 17
41 -47.

[8] Xiong H, Jiang G, Chen G. Development of environmentally
friendly high performance semi-synthetic cutting fluid [ J].
Lubrication Engineering, 2016.

[9] Chen Q, Wang X, Wang Z, et al. Preparation of water-
soluble nanographite and its application in water-based cutting
fluid[ J]. Nanoscale Research Letters, 2013, 8(1);: 1 -8.

[10] Chu B, Singh E, Johnson S. Graphene oxide colloidal
suspensions as cutting fluids for micromachining—part 1.
fabrication and performance evaluation [ J]. Journal of Micro
and Nano-Manufacturing, 2015, 3(4) . 041002.

[11] B, RIS, SN, S5, v BRIa A I 3 il A5 0 78
T SR R A R AT O L] AR T A AR,
2016(1) : 57 -62.

ZHAO Lei, CAI Zhenbing, ZHANG Zuchuan, et al.
Tribological properties of graphene as effective lubricant
additive in oil on textured bronze surface[ J]. Chinese Journal

of Materials Research, 2016(1) ; 57 —62. (iin Chinese)



- 150 -

e AN o 4

55 40 &

[12]

[13]

ek, B, B, 5. 2200 SRR MBI R R EE
BEBEROI R (], BEEER, 2014, 34(5):
523 -530.

QIAO Yulin, ZHAO Haichao, ZANG Yan, et al. Friction
and wear properties of water-dispersing system of multilayer
graphene[ J ]. Tribology, 2014, 34 (5): 523 - 530. (in
Chinese)

W, REM. ASmUCEEREmII]. BARZRE, 2016,
38(2): 94 -96.

ZHANG Wei, ZHU Hongwei. Graphene enhanced lubricant

[14]

oil[ J]. Chinese Journal of Nature, 2016, 38(2): 94 - 96.
(in Chinese)

WO, EALT, BEREIL. 0 B E Ro BRIREEE S
TR RL RS RE R (], BEHE 2274k, 2014, 34(1) .
93 -112.

PU Jibin, WANG Liping, XUE Qunji. Progress of tribology of
lubricating

graphene  and  graphene-based

Tribology, 2014, 34 (1): 93 - 112. (in

composite
materials[ J].

Chinese)



