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Research Progress on the Influence of Microorganisms in Cutting Fluid on Rust Resistance
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Abstract: Microorganisms can cause the cutting fluid to deteriorate and destroy the anti-rust properties of the cutting fluid, thereby resulting in
the corrosion of workpieces and machine tools. Firstly, this article outlined the different invasion pathways of microorganisms in cutting fluids,
analyzed the types of microorganisms in cutting fluids and the microbial concentrations at different stages, and summarized the changes in
microbial strains. Secondly, the influence of microorganisms on the rust resistance of cutting fluid was summarized in detail from three aspects
the failure of effective components in cutting fluid, the decrease in environmental pH value and the corrosion of microbial biofilm. Finally, the
current methods for controlling and inhibiting microorganisms in cutting fluids were compared and analyzed, and reference suggestions were pro-
posed.

Key words: cuiting fluid; microorganism; rust resistance; restrain

Bk MRS R BB . 28600 T ki
LA T 4 D S ) D7) SRR S B R AL A 23 8

0 mi &

TE Jm N i A2 v, DR Dy — b B 2800 Tl
A AN Al wleit, DTHCEA BT T v A
B A e RE | REA AR ) S T Y e
8,05 ] HAT R A i LA e o0 T S 0 T
BT SRR, D) B S R 2 A7 A BB 2
Jt AsA i IR AR A RN Gl A 9 e SR )AL, AT 7
BOLH AL PEREA W T B, ™ B 9 R] BB S B0 T A%

Weki H . 2024-04-02; &7 H M. 2024-06-03
Received: 2024-04-02; Revised: 2024-06-03

JRAS | EFUSCRIFANERAR S 455 folt [R]85 A 2 WL 4 B
B AN 2T A, A GRIOUL A J3E AT AR SR BIE T R AR R R
Wy % U 7 455 A A o AR S e+ e AL B, R
SORE £33 Sl A= vt T UTEI 97 5 P i 52 ), A0 45 51
DIV b A 0 0 2R D TR R 25 b B 2 0 26 T G A
R A A AR AR I 55 P 9 DAL 2 02 U0 Ak
R Ik

AT E . ORI IR MR TR AR5 03 H ((19DZ2253100)

Funding;

Shanghai Engineering Technology Research Centre of Deep Offshore Material (19DZ2253100)

WAFAER . HORAE(1983-) , BUR G 2 T AR, Pt ER NGRS 574, 1% : 18616020615, E - mail : yhdong@ shmtu.edu.cn
Corresponding Author; DONG Yaohua(1983-), Professor-Level Senior Engineer, Ph.D., Research Focus: Surface Lubrication and Pro-
tection, Tel.: 18616020615, E-mail: yhdong@ shmtu.edu.cn



e

1 VIl

1.1 ki

AEY I AVTHIR iR 2 Fh 28, s <
K EBEREY M TN, Hrbha ST Je ot il 1s
TR, A N SRR & & AR A, 2
FORT IR 0 25 K O i | B T 200 R A1 B R 5, HL )
HIR 5 Ak T 58 R IF AR A W 45 o AR DT HI TR
JRE GGy, AR WA RE 2 — L8 T 15 A
TS HT B ke K B DA WX — 5558, T 22 T 3 kK
ATDAZEGNZY 100 NN, BEAk, 25 FE T HLAE I s A8 AR
AR, 2555 B8 fit FH b i U0 #0568 00, 76 T8 Jin o 1Y)
DI G 2 PR B E P59, 10 Veillette 25 ZEXTHL
PRGBS R4 70030 3 Y 5 e i & 30, AR S5 1 12 h
I, VTP 32k W B0 i3 K 3] 6.9% 10° CFU/mL,
[FIESE, S W 3 25 38 3k T AR sl A5 45 VR N Bk 15 4 )
Il .

F3Ah, VI 0 PR 5 RE 8 1 2 T2 W i A A5 3K
WYTHNE & A KA A HLY , 45 Al R0 25 i 1
wF B S AV R A B ST R, T A
AR T B BT B SR A A (RIS ) UD E
7K &8 Ky Y B T &R e a 244
JCE, I T RUZEY TR TR M2, iH,
BT UIHI A s e TARRAE R R, X 2
LFE A AE T OSSN SEAT ZFE A AL T I8
R, B8R TAREmAEE RS, B 1a R
A L2 TR E — B B[R] P LR RN i O A 1 Oy R
T (HR 28020 T 23 6 T R i3, B 2R s (1A
1b) G E RG2S, iR B A1 32 5% 152
FEVTHRE S — 2 BUE AR P, 2 R AR R
ok, WF 2 2 RBHPE T | BV DA SRR TR A s R AR
TR AR 5 —— BN BT A« A= s O BT R
A DIREAR 25 5 3, A D Ak DL 5B L A2
B 36 U R A T W T ) VR A v SR A R B
TS ZURY) , FEAS R B IR RAS A R E B B6 B (A
AMREERRRE ALY EERR BE AN pH (EAEEE ) | DA EA
[ A g A= ) X 38 B SR R 2 ) 22 A oK
Flemming 55" 54 St 40 i 7 A9 5 (EPS) (D) BE 1
JoTFNZH A T I RS O A — IR A5 IR AR
P A BRI A AR AL A O, PR A A M S FE B 5 EPS BE T
SRy BB RE B, R AE 2E B L B A 7 A R K I M AR
USSR R, M55 A R R G o fnga fat
583, Lichtenberg %[12]7if%,?’£1%§%%?$/l\éfﬁﬂg

Vol.57 No.11 Nov. 2024

Materiats Prolection

Al L 2 Aoy S B AR . — AR o PR R K,

CRAKIC T BT ——HI AT SCEE R Y 2 A iR

757 HIE A e T [ 22 1 79 vl A DA B 5 70 s 37

WIRZBIAME R,
" ProdaoR—

Limited cooperation

ﬁ Limited communication

/
o Food shortage
Microbicides ' \
pH
(a

) —BRAEAL THEDRES

Shelter
Dormancy
Communication
Cooperation
Defence

Microbicides Foraging

Predators ——»
Food shortage ————»
pH

(b) REHRERETY RAEWR
BT A AR Ty
Fig. 1 Bacterial lifestyle"®

1.2 Bk

VIHNRAEAE i R h s B Z M s A, 4
R AT 43 s S DRI R 48T, AR AT i L & o o s 4 2R
W iR ERTE A FEVD T IR 4 2 A R R AT L T A5 B
L TR FIVBRE PR 2 340 I TR, TR 4 oA T TR R 5 A, L 4
TR LR MmO

HE R UL, AZ BT5 Y M VTEIE T o E g —
ASRETE B HAFAE £ ZH A, Saha %1 I Perkins
SN sz B A TS Y VD IR EA AR, K DT I
WA W TR VR S B L 107 ~ 10" CFU/mL, Di
Maiuta &5 04T 1 52 15 Y YTHIR 3 9, i o &
ITEY 16S FZpiR DNA 2236 PR 4, ke K & 41 1w T
AL TR IR A S e 2 FC M T A R i —
AV R W R, T IZ AT R ERK 55 20
e, ARSCHEE G0 T 450 8 AT RE i 2k 1 7
R, 3 8 ANHFE SR A R — I B AR MUK, 45 8
N IX 8 R ZE S MRV A A A S A R
J& ASSHAT I oM B AR R AT B S A 5
e AP B R TR AR T S B R 2 AR BRI B R T
WAL AT FP . B EUR 8 D0 1B & /K A L
A YIRETR SE R AT THINE 2.6 .7 .8 H & A 0 R SR
PRI TR PR AEDGT = 3 A s, 10 BH U0 1 A 32 2 DU A M B
k3 VIHI 3 AR ShAT B8 I 10 A X = BE 5 v, AAS sl
PR 3 VTHIE 5 v B B o s A o =F B A, AR
JL A A 2 DI 1 A 4 P g R S A AR X



K4t o8.4f

H57% - H114 - 20245117 E

OIAREERIA], GE L B R X 8 A RESFERUE Y
FEVE S5 PR O A I I B B AN ST T R S T
FIRRIRAT T I8 S0 A= 5 by Ao T s ) R X =
B, 2 IR SR A R DI R A P 3 B ol

BEAN  FE T BB Y R P, AN R R B s e 2
SER A R R A AR, YY) EROE PR R R
Ak, J B 3 B B BRI . Rabenstein %517 i 5
DNA R4 B 5% B FdE A8 P BEBE R FiL VK ( DGGE) 43
MIIRSE T 3k W TR A AR Ak -5 003 i et ) % 2 Ak
AR AR T R IBNE B IR 5 L AR TR B
P18 2 ) 2 R P R R0 L {1 B 7 45 L 0 12 200 R o
2%, BAEYTE YRR 2 107 ~ 10°CFU/mL A, 3t
PR TR o5 B 32 S H A7, 1T 2 U R A T R b B B
ik, H pH (EFAR I ELA0 TR 22 B34, 6 10 119 nT
LGy B R A 2 R M A B, AR s 1 | TG b B
AT ER S

5L lRIA, YIHIRGA 25 37 2 Ho A 40 1 975 L, AN
BREA A BREA B 3R B R 2 0T TR A5 4 2% FC PR T A
LAY RAT B, Gilbert 25 38 3o % T A i fieb:
ils 9 55 1A= ) 22 [0 1) 5% R B AT AR 5, E B 7E V01 ¥ R
BT FEEA BRI R A I AR AR A FUFE TR 45 2 BT

(a) FRILR

(o) VIRbREADE - IR B IR 15 dS

1. Kapoor 55" 36 55 iof S il 58 A1 % 11 43 AT T
17 TR, K BLOT IR A7 A A AR A T8 Y S 5 Sk
OISR A AN o BT 18

2 BAEPIRTB R

DB b7 5 X AR pR 4 e T 2, il
FERLR T, iR oz 705 7= i 14 26 7= i R 9 e 3
REFAEFPE E AR T LA JE 0/ T 8] A 5%
— BESF MR AR M REMRIE , R I LR
IFE RE RGBSR o I T 4 Z 0 ot 325 3 DAy
Je i T UTHI 45 10 S B0, ELI3 % 8 U0 0 A fige e
(AL, J 17 5 | A ™ E PR PR 75 . ] UL 1) 1 9k By % 1k
FHAfEE

AP DT A 2808 o0 B 5 ik D) I
GET R R 2 — . 1N, 40 56 23 B i LA 0] 68
THFEFRIS e — 7 T2 B AR U1 HI A2 7 4 9 S B0
IR B A TR W D) IR T TR RE . E IR
A A TR A TN T E B A e 5L
AT ) e S DT S LB R PP AR 0 o S K i 4
JIANET T, fre i 2 (At 1 25 FLALIR S, U bR
AT TR, B2 bR A,

(b) TIHIBEMR R LIEES d5

Volume/%
S = N W A Ui NN 0O
T T T T T T T T 1

Droplets size/um
(d) PgEs A

B2 ik

Fig. 2 0l red experiment diagram'®

SRR EE 2R, B M R B 4550, — Bk

1

Wi, By 5 700 7T LA A Gl A o0 D0 VR P 4 JBCRE g, BT




<6

REAT AR A 0 ) B R 3, S0 T )8 14 ol FH 74 5 4 B
% 55 42 @ e 1 & AR AL 2 IOV B — 2 AR PP RS, T AT
R 4 2 ) ok, XA AR e R
BB WCTRT 10 A= 2 3 ok T R B 85 R, T R AT 4 )
TIPS ERE, BT HEE S AR 5T B 5 R I 4
W ERUEIERTT , B 45 550 T e b A L = Y R
BRI, BV HI R L5 B 55 D) R A5 I

TAEY A B S OHEXT pH B 152 M 2 S 20 T T
PFUIEI 2 G R ARSI IR N 2 —, AR L, A
[ R oI R N A o o g e A RSN T I 1 (I
Zhang %5 AL SRRV B RE T A A R0 T I VIR
FEAT I AT R oA, 4 SR B R B TR A A B DT
Wb EME R S A L T 10 %5, BRI AR i
FETIEEYIXT 2219 BRA G AT R rysgm , 25 SRR ITY)
HR B P AE AR B N T 2219 454 4 1 1l &
3 SRR 4 2219 1E 5 A T W () DT % RN 28 K B Ak
PR UIEI IR 2 RS T s R ) AR f 2

Vol.57 No.11 Nov. 2024

With bacteria

Without bacteria

0 2 4 6 8 10 12 14 16
t/d
K3 e 2219 S UEM A S HAED R
B
Fig. 3 Corrosion rates of aluminum alloy 2219 in

. . . . . . 241
microbial and non - microbial cuiting waste solutions'

BEAN, 4 UTH A S P Lk A 30 DD 1 2 i
PR SR W SR, U R R 34 SRR (SRB) AT iR
FRRRAE . DRAAUDA 23 38 1 8 A A3 ™= A Ak S0V A AE L
T REA DI Y pH (B, 18— 25 38 W T T4 A
PUARAIJE . Dou 451 LA BR £5 34 I i1 A Bl AFF 52 %
I, SRB 2 Cu KB T W HS WA R B BT 5 | ke
AR, Muyzer 2 %634 T SRB 5 5052 #4422 [H]
FHEAEF s R 3800, A5 R 4508 . T & T AR M
i 7 SRB QTG 3h , S AW B3I 748 A SRR
PR IR AR

A ARG 0 R A= 0 S ) A7 A 2 5 U 1)
W22 MR, A YIRS RZ5 Y (EPS) 2 i

Materiats Prolection

B UL — T BRI Y , B 20 R BT A T A
R B S A R S 4L R EPS TR T
&I IR LA EEAEM, BT AW, Bk
F AWM A EPS W IR E SRR T A=)
JEE YR PR K B — o B B R, AN BT R
TG0 B FERBLE IR 10 A5 R 0 4 )8 JE
PRERAIE T A5 H T T DADRE A 5 A Y BH AR X
S ) 4 R 2R 1T %) BRI DX 3k, T ok Fl 3 O 4 iR
Ak, R A 0 R AR B A 2R M DR
OB G S TR B S AR A A AR T R Y
B, T AN 2450 B B ik = Wy RS R AR P B o R T
P25, A3 T B S 1 s by iy LS s B i B 2 |
TR, A 17.7 wm, ZEPE 225500 YW %
Wb o B —FI B LT R P. xiamenensis TS TE
Bl IEWFSE T 45 BIAE 5 B U H R B JE Tl o ik B
T AR AR R Wu 280 ) 29 e F2 4iF
T AR B SRS, K 4 BR824,
S B, SRB 5 A W A A o G 4 G T R T RO ™
AR ARl (A T B 4 T

Pl 4 DIHIR D SRB 7ERE A 4 7% 101 A4 M5O W i el
Fig. 4  Fluorescence micrograph of biofilm formed on

carbide surface by SRB in cutting fluid"*"

3 DIl R sk s ik

T et L) ¥ 15 55 A 80 16 3 A ] 22, b 20
RGN R RCE Y 5, BT e Z MR E R,
EREZRVEENCPIRAYI I ENE S TR RNk S U WO PLES
PR TS X EEER 1A Rz T AT LD A=
Wi | 0t — ARk S U I 97 45 1k BE 2R A, I TR N T
TR
3.1 R

AN TR 7R 2 VA R U0 W0 9 6 2 ) BB Y e LR
% HBEE RS R R RBCR 22, R 1 RAR
FA LI T4 KACE DRI PLEE, i T ol 2 W ) 2



K4t o8.4f

P, BRI B AT A C SR LR, 40 BH 2E 40 T
W MRV Z AT AR A ) B A AR A R
BELAHZIR (NA) TR A
®1 TEMEENSFRREDRHNED
Table 1 Mechanism of different kinds of organic

molecules to kill microorganisms'*

AR RSB
3 5 200 M B ) AR EL A
R R EY  5-SH EBIZEE 0 FK I R AR
(S A R, A0 R

PRI P R 91L& 9 5 NHLFERISS 5, 35 1 BURIAZ BRI 404 0 03
5 240 B F AR EL AT, S 1 B R B A

K
T Pop e

BT REREA B B AR R

P C T
o SIS0 AL, 5 AL B A 1 ) 2B
5 Al et il Al O s y
swictician ORI

MRILAY BT s

Tl P 8 A% T ) S S O AR AR | P T R
FAUFIBIAIR S5, S s R ) 218 3% T 79 DD 13 B AR
SR EASENE , REEUR AL A W, 32 BEA T T 4l i R A
A BRI S RS T A T o, 0 Al o T A
BFF B RIE AR 22555 (R e IR Boon] , mr 5 |
PR Bz 2% . FRERETA A4 b 2 40 1 Y 2 5 R Bl R
BT, R ORI A o 2 R 1 P R, A M A 2
FUST 25 R, I8 i bre i Al S I 55 40 R A IR AR AR T
1) 200 R L R ) o B8 BT, RO A R R LB
MRELIE T BT R PE AR LSRR, (E
P — ol BUREOR) | 70 5% 1], 33k Al o 50 A B0 R 24
N 8% ~ 9%, BRUH BE LA I 45 R WK, BUEUR AR TR
2%~3%Z 0 #RE — R JEHLIR, H a5 BT N
i =M . TR IR E T A 5, BT
Z5K 0 2822P 1 E T LT REUNT O PLE R, I HA
TR N, R S S A UL & YR R
IO, it 7K Ji 2 B £ , 1o 7 56 A B 2 — e ke L
MoCER, AT LAS MR 25 & i 5 G A 19 4 i
RTG53 DA A0S 240 Y R s 0 i B ) oS, S A i
WEBAABET- D HER —Fh s B M TR, s 2
S e A SR aSOR A BRSNS EL,
BIR (- PA4 AR 4.1 mg/L I MBS 22 203, 11 &5
I A8 R g P AT

£ LT | 2% R A0 il 2 X R T TS G, XK
AT L 387 A 7 T S ] ] o o A A i R A 2% 36 1 A
M0 EAII I [R] —Fh AR G 0], 2 S SO R % 8 o

H57% - H114 - 20245117 ﬂ

PRAEMT 2T B R LR ROCR . I, 785 220
FH R AT LT 5 ) B A AN (7] 8 2% TR 7R Ok e ) I
i 754
3.2 GOk

BET AT A8 ) 2L, 25 PEORE 40 KORE 74 Sy 8
FUMAGTEI . SXONACAT DB 5 0 3 e | AR 45
A RER FHAN KL 7K A, Il 20 A 2R W 8 A O 4 v DD
B, AR BURLAR R/ HL 5) o 3 20 1, 7 240 i
W TR ZOR M LA M RE . IR, SR BATIR
SRS BRI ME . Lara 550 R SUARGNAKIIURL AT LASE
L BBER (8 A T 1% 200 e SR 41 i) 2 T ) 9 R, i
A DURSEIR 20 M LA, 5 2 S 7 A= /AL, DT Sl 2
A B - A0 Al ) Ry I U DL R JE A TR, Ogar
SELVRIFGY T ARGAORURL X BT A4 AR, 3R 2 R
0,60,100,200 mg/L AgNPs 777ERYIEIL T , BRI 4% BR B4
P S B BR T % 5 040 8 T RRB R 22 B S Y 7T
B eI A R (AR 90 d 7)) IZE L IS E £
2L E I, Verma S5 BT T 9ORARN B (&
PR FOG R SN TE A A B8 TR 1, A5 X
F & 2RO Y P 2 d IR0 R kR (MIC) 5,83
pg/mL, AR R B E (MBC) 79 9.7 pg/mL, BRILZ
Hb R R 5 A TR A R0 52 5t AT R 4 K A
Mo Blan, fEShRe AL SR AT RE AL 1 AR 5 T
Suresh 41" S TR L5 5- 2 HE-2- Hi IR IR DR
(AMB) DIBREIEIAY n-NiO F1 £- NiO 44K ki L & AMB
M Ag, O, 2K FIURL T BT 2 A1 B T 485 o €5 7 2
BR R SIRTA BT TE M, 25 R R D RE AL E AL R A
SKIURE B AT S5 4 B0 AN T AN BT E R 1, TR T RE Ak
Ag, O, AAKIBURL I B AT S 5 A BT 4 PR R P T 1
®2 7£0,60,100,200 mg/L AgNPs FFZERIIER T, Bk s Bk
MBS EREIEFN AT THEREELBSNE S D

Table 2 Percentage of dry gypsum wall area covered with
mycelium by S. spherical and S. pictorum cultures under

control(no AgNPs) and in the presence of AgNPs
at concentrations of 60, 100, 200 mg/L*

p(AgNPs)/(mg - L")

HERE
0 60 100 200
BRIV 4l Bk 1 68%+8%  54%x3% 37%£11%  5%+2%
& SRR 97%+2%  79%+13% 52%+12%  30%+9%

Vi U 5 X HRALTE p=<0.05 I 2 54 BE 40 X
EAN , WFFEN G B | M AP 25 24 K B Y
KEVEHITHER . B0, 3 F4E, Arshad 554 58 11 76 3
PRI 5 B B A — SR AL R 94 R UL, BIF5E T
HATEMPTE A TERE . X T4 L A A i 5, £ 2AL



S

A2 ) 5 A T 7 40 TR 40 R 3 T, DA T R 4 e
[ PL 2R R 25 s B B I A PP B ML £ B
SR R 200 7 40 X)) 25 ) B B L, 9 LI TR
BEF SR 5 S vk B 2 DD AR 9T . Ramesh 251 5T
T K Cu, O R T X 2% G FAPE TR P e, &5
SEAE AR B G KR T 10 B I P b i e v i 56
(T A LE R &S 10° CFU BT T , Cu, O 4K i
K 2 X LB S Al b 40 R TE B S e ) . fE 10
e/ em’ W FE R INE] T 65 %A B AR K 24 B R i 30
e/ em’ B 20 TR TRV R /IN I b O HLR VR R 215
MR 2% 5T 50 ~ 60 pg/em’ R EES L T 100% ) A4
T AR T 4 M ) A A K I R R PT e
FHod mABA AR, S5 1R 4R b #E, B, %t
T 0 S N 5 i — 2 3

50

Vol.57 No.11 Nov. 2024

[\ (") -
(= (=} (=
T T T

Number of E.coli colonies/%
=

<

1 1 1 '_l 1
20 30 40

P(Cu,ZO) /{ g cm™)
K5 AN TETE SRR K Cu, O W R AR (R

Fig. 5 Changes in bacterial colony numbers with the

10

concentration of nano Cu, 0

25 LTI  AOR R B HR AR B, (H98 K b1 )
F14) 1 £ 30 B0 B R AR A= AN B AR BRI AR K
TR A 7 A sk, R N O T, A0 K B RHEE
TV Hr 0 253 50 43 B0 AR U0 R P B R P ufe A
YRR TR MR, 45 5 B RIE i KBk , 5%
M R TR . UL, G K AR AR B T il 1 oL
IS, (AP 5 B i R 22 0 B AR BT 5 B i 53 ok e
R FLBUA ey,
3.3 SR

SRR, 8N KB AR N, A8
(UV) BA R A RIVE R W i =245, 9 BT 8
HMEFEB AL B, PK A 200 ~ 280 nm (4R AN Bt
0 I TR T B, RS 2 5 DNA FH R 418 165 1 B ik 2 i) )
HEHE TR 43 2k AR v B L A A O e R
(258, TS BCANMIAE T, Bianchi 557§ T 1
AN SOk D ol A W 35 e VTR T vk, A R R
B, SR AN AR ST VTN P A AR R A s, BRI
WA UL B D) HR R AR B % . SR, R OR R

Materiats Prolection

SUTHNR S AR | S it i s il D i, AN 248 A
BICRE AT 20 AN 2537 TR B 2 B AT, DA A 3% TR AL
R, S5 A RA ARBERE T, ATLMER
H R SR 51 RS Y 4 0, HE — 2D BRI 2R A 2 R R RE )
Madanchi %" % 3032 fE I A U0 R AN R R S LA o
SRIGHEHT T, DRI, (o P 58 A 2 KT, B PR IE 85 T e i
hAh B DR SRS DA 3R K TSR

g5 bk 1 ] 5240 2R TR B R 52 3 U0 I 2 Ot
FEFC AR A B IR EEAE | T 55 Hiig B4 fe
5, UTHI i T UKL ) R T 25 7 A= B B2 8001, (45
FAE BT A FE N B 20 AP, T AR AR TR AR .
W AT LGE A S O IRER B | S PR SR AT A Ry S
Jiti, B DR EE S DI I R AT RE 32 B 52 AN R 5
3.4 REAHAR

B O, &5 A, =2 KB 7 =00 o 2 v
o (AT S ik 00 0T 200 TR7 1) 2H 8045 A8 1R A7 B 3R, DT
AR T 5 AL, AR E M 22, 23 il o AR RCERRAS
AIRTJG , AEEAT T TR Y, Gerulova 2517 3IE
ST RAEOS DT AR W i A R RE D, 283 20 min
AEHE WA AP B S 107 CFU/mL BYRE i 58 2
TRAE, Ma 5500 il 2 A BB ( DBD) 45 B 1
KRG AT REN B K. pneumoniae TEALBEIG 2 d WA 1
B8, P.aeruginosa TEAC )G 3 d WEATIETE, L, Ok 4F
RS PRAHOR  Ma $2 1145 3 d ffiH] 1 = DBD,

L bRk, RAAAE AL, BR T BGEUAE Y
Hh RSN E AT AR AT, 2 5 UTHIE  aA AL
FTCHL S e Az RONE, 7 A 8 7 ), T 3 22 1 7 ) vl g
S UIHIR AT E YERIPERE . PRI, AT DA LAY g s U
Y, S WD ) A B ROR DL R AR A ) TAR
RS, KBRS W PRV & e R
3.5 FIMLEEABAR

SUTHI b AE TR R PR R B A DL S 58
AR B RS BN L R A, AT B0 R i — Pz
Mo SEINREE GHARG S T ERIMR A 2 K 7
3, Hr ) EAME I R A0 TR Y DNA 2544, 1T A% K 48
B TR A B A AR ), KIERCR B4, R 52
A5 RAAGEG AT E K TR RE ) 0T 4 K TR IR E] 3
REA )7 1R AN B A 38 UG . RARTFAEDY R BLUV/0,
S5 KRR L Bl 58 S 2 sl SR A 0, HL i P o et it
(] BRI SR B AR ) K B ROCR . (HIZR R AR 2 52 W AA %
R SRR 5 AR SRR R BRI, I Tk K
MU . PRI 3B 5 3 — 20 B R BT, Eaf 2 &



K4t o8.4f

IR K ERES
3.6 AR RIBEIAR

SRR s N[V T €2 B S W VN s & N VA= ]
Az, FEIN T AR v SRy B U 0BRSS T
WA D R B R e R R AR R RO AT
KIEAEF . AR R B K/ INF B 1 S B AN TR
DIREAZCR iAW ANEEE . B/ T 1 um B9#
ML (UFB) 38 5w T AR AR B, KR E AR U
ELAT AR AR 452 B8 B i ] . Yamada %502 fif ] 2%
SR AT £ T UFB, I 4 4 415 A i 1 A 4 35
RR BRI T, 25 R 2B CO,- UFB X4 4% i
JHLAR K FGE 100 %, 1 X 4 2 (M A Bk 0, Hl 4 A
JRLAET D DAL ph T 0 e A 48 ) A e R
2978 6~ 10 nm, 171 4 2 €55 %) BREEJEEFE 29 20 ~ 40 nm,
FH I RT AT, UFB BERS A S50 bR 2k 9, (0 B4 i )5
EA —EEK,

RN KA I A% T R 32 3] 41 A TS B8 19 33 i 8 K
FESERRE R R AR S AE AR RS AN
AYRVRIE S o B A IR R, PR, AT D P e A<
FEAREE RS BRI AR R R S KA A A
GFRL,EES DRAWEARME G, N34 & D)
PV PO TR T ROR AR

BEAN 38 0T SR B — S 4l Bl 5 it >f B ) 990 #4124
WsE, fihn, wT L R K s K AR B DI
T 5 SR RE SR L R B [R5 BIL, 400 ) DR AR 55 ; B DR AL
R L] R A 33 0ot , kb Gy 200 B 5 R ARG A DI i e
JE 5 SR A S50 HE T 7 =X it e U T MERAE AR N

4 iR

TR IO AL ANTE H A 7338 Y IR 85, X
EWRE WA RE AR BN, BUICE LR YT HI R %
AR, A VTR P AR B 7o 26 23 Bt s 1] $E 2 17 4
G e LY R et o I VAN ISR G257/ DO Rl Nl
WO AR 7 PR R AL S (ol W 2 W A DD I
HR R 2 k) R BT 5 7 UK DD IR By B TR RE L AN e
e it By 45 0 e HH AR S6 R, R B A I T B R A
M D HR A B S e, LU, A A= 4 2
RSO pH {E, 3400 4 Jm 88 T XU . e, Bk
YIS LE B 2 B AR T 2 1T, S BUB kiR
X L TRt Ak BLET) B0 9 ) ol A B e L 2 AN
B I B0 (R 5 A BRI S LR AN
ANFISEAS) o FRAR BTN N A T 7R 22 5F AR A, {EL
BRI SN 58, o] DLAE— e BR R Hn] 5

H57% - H114 - 20245117 m

GRS K E DT B Z R0, AT R
AR LR VT IR D5 T EA A RV T, 5 eI
I, BLAR SR AN R AR S S5 T A L R A H A R
MARBEROR B SAA R ZAb, P AR /058
SRR LR JUASTT T8I B 58, T 0 B3 A 41 37

AT, DRI 5 G K, AT RO BT, i

R R Y T 7 ¥ Y TR) R, SR B SE i AR M AE D)

HIE AR BILR , 3 A Ryl O vk . s, T

SR RE TN 2R G, S5 Ik M P2 T e A ol A e B R

FPEABAY , B i SR JBORE XS 5 i

[ & % X # ]

[ 1] WICKRAMASINGHE K C,SASAHARA H,RAHIM E A, et
al. Green metalworking fluids for sustainable machining ap-
plications; A review [ J]. Journal of Cleaner Production,
2020, 257:120552.

[2] GAOT,LI C,ZHANG Y, et al. Dispersing mechanism and
tribological performance of vegetable oil-based CNT nanoflu-
ids with different surfactants [ J]. Tribology International,
2019, 131.51-63.

[ 3] YANG M, LI C,ZHANG Y, et al. Effect of friction coeffi-
cient on chip thickness models in ductile -regime grinding of
zirconia ceramics[ J|. The International Journal of Advanced
Manufacturing Technology,2019, 102(5-8) :2 617-2 632.

[ 4] XIUS,SUN C,DUAN J, et al. Study on the surface topogra-
phy in consideration of the dynamic grinding hardening
process[ J]. The International Journal of Advanced Manufac-
turing Technology ,2018, 100( 1-4) :209-223.

[ 5] YANG M, LI C,ZHANG Y, et al. Research on microscale
skull grinding temperature field under different cooling con-
ditions[ J]. Applied Thermal Engineering,2017, 126:525—
537.

[ 6] VEILLETTE M,THORNE P S,GORDON T, et al. Six month
tracking of microbial growth in a metalworking fluid after
system cleaning and recharging[ J]. Annals of Occupational
Hygiene 2004, 48(6) :541-546.

[ 7] HUESMANN - CORDES A G,MEYER D, BRINKSMEIER
E, et al. Influence of Additives in Metalworking Fluids on
the Wear Resistance of Steels[ J]. Procedia CIRP, 2014,
13.108-113.

[ 8] PASSMAN F J,Kiienzi P. Microbiology in Water - Miscible
Metalworking Fluids [ J ]. Tribology Transactions, 2020,
63(6):1 147-1 171.

[ 9] CLAESSEN D,ROZEN D E,KUIPERS O P, et al. Bacterial
solutions to multicellularity; a tale of biofilms, filaments and
fruiting bodies [ J ]. Nature Reviews Microbiology, 2014,
12(2) :115-124.



80

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Vol.57 No.11 Nov. 2024

FLEMMING H C, WINGENDER J, SZEWZYK U, et al.
Biofilms; an emergent form of bacterial life[ J]. Nature Re-
views Microbiology,2016, 14(9) :563-575.

FLEMMING H C, WINGENDER J. The biofilm matrix[J].
Nature Reviews Microbiology,2010, 8(9) :623-633.
LICHTENBERG M,KVICH L,LARSEN S L B, et al. Inocu-
lum concentration influences Pseudomonas aeruginosa phe-
notype and biofilm architecture[ J]. Microbiology Spectrum,
2022, 10(6) :e0313122.

TANG L,ZHANG Y, LI C, et al. Biological Stability of
Water-Based Cutting Fluids; Progress and Application[ J].
Chinese Journal of Mechanical Engineering,2022, 35.1-24.
SAHA R,DONOFRIO R S. The microbiology of metalwork-
ing fluids [ J]. Applied Microbiology and Biotechnology,
2012, 94(5) .1 119-1 130.

PERKINS S D, ANGENENT L T.Potential pathogenic bacte-
ria in metalworking fluids and aerosols from a machining fa-
cility[ J ]. FEMS Microbiology Ecology,2010, 74(3) :643-
654.

DI MAIUTA N, Riifenacht A, Kiienzi P. Assessment of bac-
teria and archaea in metalworking fluids using massive paral-
lel 16S rRNA gene tag sequencing[J]. Letters in Applied
Microbiology ,2017, 65(4) :266-273.

RABENSTEIN A,KOCH T,REMESCH M, et al. Microbial
degradation of water miscible metal working fluids[ J]. Inter-
national Biodeterioration & Biodegradation, 2009, 63 (8) :
1 023-1 029.

GILBERT Y, VEILLETTE M, DUCHAINE C. Metalworking
fluids biodiversity characterization [ J]. Journal of Applied
Microbiology,2010, 108(2) :437-449.

KAPOOR R, YADAV ] S. Expanding the mycobacterial di-
versity of metalworking fluids (MWFs) ; evidence showing
MWF colonization by Mycobacterium abscessus [ J]. FEMS
Microbiology Ecology,2012, 79(2) :392-399.

PR PR R, A, DTHIH 2 B A T
X B AT AR )], RKIEEA 2021, 50(5)
269-280.

LI Q H, CHEN J H, SHEN Y Y, et al. The Effect of
Pseudomonas Stuizeri in Cutting Fluid on the Corrosion Be-
havior of Aluminum Alloy[ J]. Surface Technology, 2021,
50(5) :269-280.

RO RS AN, A B VTR LR W e i
L Im FERBSE - o PR RL 22 2 2022 AR R BoR AR
2[ClLEA [ HREAE], 2022 7.

ZHAO P F, CHENG H J, LI X L, et al. Research on Bio-
degradation and Reuse Technology of Metal Cutting Fluid

Waste Water; Environmental Engineering Technology Inno-

[22]

[23]

[24]

[25]

[29]

[30]

[31]

Materiats Prolection

vation and Application Sub - Forum of the 2022 Annual Sci-
entific and Technological Conference of the China Environ-
mental Science Society[ C]. Nanchang: [ s.n.],2022.7.
R SRR MRS AT PR B KA 1 By 5 AR B ATF
FGHEREM )], Wt 50k, 2020, 33(11):
94-96.

JIAJY, GUO G W, FAN H L. A Brief Analysis of the Re-
search and Performance Testing of Environmentally Friendly
Water - Soluble Rust Inhibitors [ J ].
Technology, 2020, 33(11) :94-96.
ZHANG Q,HE Y, WANG W, et al. Corrosion behavior of

Haixia Science and

WC-Co hardmetals in the oil -in-water emulsions containing
sulfate reducing Citrobacter sp[ J]. Corrosion Science,2015,
94 .48-60.

HIRE  ERAE b 8k, S DIHDR P R X 2219
WA ABEAT B ()], S W B, 2022, 47(4) .
11-21.

SHEN Y Y, DONG Y H, YANG Y, et al. Effect of Micro-
organisms in Cutting Fluid on Corrosion Behavior of 2219
Aluminum Alloy [ J]. Lubrication and Sealing, 2022,
47(4) :11-21.

DOU W,JIA R,JIN P, et al. Investigation of the mechanism
and characteristics of copper corrosion by sulfate reducing
bacteria[ J]. Corrosion Science,2018, 144.237-243.
MUYZER G,STAMS A J M. The ecology and biotechnology
of sulphate - reducing bacteria[ J ]. Nature Reviews Microbi-
ology,2008, 6(6) :441-454.

WANG W, ZHANG X, WANG J. Heterogeneous electro-
chemical characteristics of biofilm/metal interface and local
electrochemical techniques used for this purpose[ J]. Materi-
als and Corrosion, 2009, 60(12) :957-962.

TIAN Y. Behaviour of bacterial extracellular polymeric sub-
stances from activated sludge: a review [ J]. International
Journal of Environment and pollution, 2008, 32( 1) .78-89.

FHIERE  FERAe 2R, . BE ST Y
WA AT I BEAR [ J]. RIEF AR, 2021, 50(4)
275-284.

SHEN Y Y, DONG Y H, LI Q H, et al. Study on microbial
corrosion behavior of Aluminum alloy in Cutting emulsion

[J]. Surface Technology,2021, 50(4) :275-284.
BIRE N B R, . DIHDR B UAE Y 25 AT i
NTHIE AT A RS [ ], 9 5 %5 3, 2020, 45(10) .
14-21.

LI Q H, YANG Y, WU Z Q, et al. Effect of microbial deg-
radation of Cutting Fluid on Corrosion resistance of carbon
steel [J]. Lubrication and Sealing, 2020, 45(10) :14-21.
WU J,ZHANG W, CHAI K, et al. Corrosion Behavior of



K4t o8.4f

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

AISI 1045 Steel in Seawater in the Presence of Flavobacteri-
um sp[ J]. Frontiers in Microbiology,2020, 11;303.

DI MARTINO P. Ways to improve biocides for metalworking
fluid[ J]. AIMS Microbiology,2021, 7(1) ;13-27.
GNANADHAS D P,MARATHE S A,CHAKRAVORTTY D.
Biocides - resistance, cross - resistance mechanisms and as-
sessment [ J ]. Expert Opinion on Investigational Drugs,
2013, 22(2) : 191-206.

DE GROOT A C,FLYVHOLM M A, LENSEN G, et al.
Formaldehyde - releasers: relationship to formaldehyde con-
tact allergy. Contact allergy to formaldehyde and inventory of
formaldehyde - releasers [ J |. Contact Dermatitis, 2009,
61(2): 63-85.

EepERE, MPEI0), 5 B, S IR S ML S SR AT AT
PSS 1], TEHLEE Tk, 2020, 52(1) ; 5-8.
BI SN, ZHONG J C, QI'Y, et al. Latest Research Progress
and Industrialization Trends of Boron Chemicals Including
Boric Acid [J]. Inorganic Salt Industry,2020, 52(1) . 5-8.
Y W, T R E WRREREK IR T
WAL THHA 2010, 44(5) :93-95.

LI W, MA T, WANG S, et al. Application of borate in wa-
ter - based cutting fluid [ J]. Tool Technology, 2010,
44(5) :93-95.

ALICI O,ZAN R,HUBBEZOGLU I, et al. Antibacterial
Effect of Different Concentration of Boric Acid against En-
terococcus Faecalis Biofilms in Root Canal [ J ]. Marmara
Dental Journal, 2013, 1(2) :76-80.

LARA H H,ROMERO - URBINA D G, PIERCE C, et al.
Effect of silver nanoparticles on Candida albicans biofilms
an ultrastructural study[ J]. Journal of Nanobiotechnology,
2015, 13 ;1-12.

OGAR A,TYLKO G,TURNAU K. Antifungal properties of
silver nanoparticles against indoor mould growth[ J]. Science
of The Total Environment,2015, 521-522.305-314.
VERMA V C,KHARWAR R N,GANGE A C, et al. Biosyn-
thesis of antimicrobial silver nanoparticles by the endophytic
fungus Aspergillus clavatus[ J]. Nanomedicine 2010, 5(1) ;
33-40.

SURESH S, KARTHIKEYAN S, SARAVANAN P, et al.
Comparison of antibacterial and antifungal activities of 5 -
amino- 2 - mercaptobenzimidazole and functionalized NiO
nanoparticles[ J ]. Karbala International Journal of Modern
Science,2016, 2(3) :188-195.

SURESH S, KARTHIKEYAN S, SARAVANAN P, et al.
Comparison of antibacterial and antifungal activity of 5-ami-
no -2-mercapto benzimidazole and functionalized Ag;0, nan-

oparticles| J]. Karbala International Journal of Modern Sci-

[43]

[44]

[47]

[48]

[49]

[50]

[51]

[52]

H57% - H114 - 20245117 81

ence,2016, 2(2) :129-137.

ARSHAD M, QAYYUM A,SHAR G A, et al. Zn - doped
Si0, nanoparticles preparation and characterization under the
effect of various solvents: Antibacterial, antifungal and pho-
tocatlytic performance evaluation[ J]. Journal of Photochem-
istry and Photobiology B: Biology,2018, 185.176-183.
ESTEBAN - CUBILLO A, Pecharroman C, AGUILAR E, et
al. Antibacterial activity of copper monodispersed nanoparti-
cles into sepiolite [ J]. Journal of Materials Science, 2006,
41(16) :5208-5 212.

HOSHINO N, KIMURA T,HAYAKAWA F, et al. Bacteri-
cidal activity of catechin - copper (II) complexes against
Staphylococcus aureus compared with Escherichia Coli[ J].
Letters in Applied Microbiology,2000, 31(3) :213-217.
RAMESH C,HARIPRASAD M,RAGUNATHAN V. Antibac-
terial Behaviour of Cu, O Nanoparticles against Escherichia
Coli; Reactivity of Fehling’ s Solution on Manihot Esculenta
Leaf Extract [ J]. Current Nanoscience, 2011, 7 (5):
770-775.

BIANCHI E, AGUIAR P,DE ARRUDA O, et al. Growth
Control of Microbial in Miscible Cutting Fluids Using Ultra-
violet Radiation[ J]. Lubricants,2014, 2(3) :124-136.
MADANCHI N, THIEDE S,HERRMANN C. Functional and
Environmental Evaluation of Alternative Disinfection Meth-
ods for Cutting Fluids [ J ]. Procedia CIRP, 2017, 61
558-563.

GERULOVA K, Buranska E, TATARKA O, et al. Prelimi-
nary Study of Ozone Utilization in Elimination of Bacterial
Contamination in Metalworking Fluids[ J]. Key Engineering
Materials 2013, 581.143-147.

MA S,KIM K,HUH J, et al. Regeneration and purification
of water-soluble cutting fluid through ozone treatment using
an air dielectric barrier discharge[ J]. Separation and Purifi-

cation Technology,2018, 199.:289-297.

FARME L B PN, A SRA RS A R IOK T
WEPEREWE T [J]. WA /R I Tl K% 4% 4k, 2010 (11)
1793-1 797.

WU D H, YOU H, SUN L X, et al. Study on bactericidal
performance of ultraviolet/ozone compound in water [ J].
Journal of Harbin Institute of Technology, 2010 ( 11):
1793-1 797.
YAMADA H,KONISHI K,SHIMADA K, et al. Effect of Ul-
trafine Bubbles on Pseudomonas Aeruginosa and Staphylococ-
cus Aureus During Sterilization of Machining Fluid[ ] ]. Inter-
national Journal of Automation Technology, 2021, 15(1) :
99-108.

[HR: B ']



