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Progress in Micro—particle Adhesion Force Measurement Techniques

ZHONG Jian, WU Chao

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract The adhesion and removal of micro—particles are very important for the quality control of many industrial processes. They are
also directly related to the environmental pollution and occupational health. The study on micro—particle adhesion force measurement
techniques is helpful to control micro—particles adhesion pollution and remove micro—particles on the surface. In order to understand the
progress in the micro—particle adhesion force measurement techniques, the studies on this area are reviewed. Based on the databases (Ei
Compendex, Ei Inspec, and Elsevier Science), three subject words (Particle, Adhesion, and Measurement) are used and about 150 papers
in the area published in the years from 2001 to 2010 are found from the search results. The statistics analysis on the publication time,
authors” countries, and topics of measurement techniques is conducted. Various micro—particle adhesion force measurement techniques
including the AFM detachment technique, the micromechanical detachment technique, the centrifugal detachment technique, the
electrostatic detachment technique, the vibration detachment technique, and the laser detachment technique are discussed. The
advantages and disadvantages of those micro—particle adhesion force measurement techniques are compared with each other. In the end,
the development directions on this field are pointed out.
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Fig. 3 Scheme of measurement apparatus for the
AFM detachment technique

R AFM 73 5 5 AR I3 lOURE 266 B 7, 7 380 A L 05 o —
P 2k (1 55 T HREHETE 1 6 ofe ARUR S BE iy s i R 50 W
P A4S (P rh 2 O s Fi KBl A B9 (5088 ) o 25 TR 8 7 e JES 3R T
W RETASIE B O, eI AR H T L0 05 25 s AL 915 3l i 22
o] b3z Fins, B HOWURL R R R R T B SR, IR AT e R —
20T AT, E A B B Be 1235 BlOBUR 2 R ARk 2= 5
b B 2 T Mk PR S (PR Ol SR AR BT, B D BT O
5 3 THT e fioh ) S BN 4, T P OK S  Ak 2 ) RS S (A5
WEF 1) BRI REH IR 2 i ) R AR IR IR = 0, 2R )5 T IR
o] AT d; o R BRES 5 T F B gl e 1) L A B B — E AR
J5 TE UG RS | BOBURE 15 At TR 2 100 PR 455 42 fioh B 28 38 B2 — f SRt
(BN 8 SR Bk 5 (B O 2 2R T /8 ™), whb B 139 11 FH 7 B0 DAy B o
SRR IR ) Fao —BERFOLT BEME R T BEA T X
J2 DA g 4 Aok TR 2 T A 5 L Bl TR A A JEE 2 1T 22 T8] 14 286 Bf
AE AL A A7 3 (I 2540 A9 kA2 | r A RS R 1 295 )
TEAAE M B S 0T i ZenT RE A 2 BBk AT F,
BT B

B 4 AFM #9283 J) 38 55 ih 4%
Fig. 4 Typical force—displacement curves of AFM

ﬁﬁ\mmi REVIEW
22 WHHSBHEA

TAATUAR 53 85 45 R A B BR AN 5 FC0kz 285 B 7 81 5 19 T+
FraC B A28 0 B0 2F 4 B2 b G AN B5 AN RE il & B TE SRS
FEENZR A AR e b s RO AS v L A R Bh, S L
— S 1) T3 A S 45 A RE 5 TR 45 i B — c2 AR K B
SURE NI 43 B IR RS B BN A B L RS0 % T Ok B LA
ok B ok I 2 R A AT bl R R TR R b OB 1 B i
B 7 B e T2 8% 5 B8 3R 10 i 22 B0 TR AR

T LA B B AR A B an E 5 T s Hodr
5(a) N 2 D ERYER BRI LR A7 B 5(b) s RS E B AR m
ol , AN AR b 2 i in 28 70 28 amr 25 TR I S5 (o) P R RS
RPN AR ) B B, SO 5 AS 5 RE i S 5 T S (d)
r I S R URE 5 AN 65 AR R T A B R AR O (B B £
AR AT AR ), SR BB 43 5 5 A I3k e AL 5 A Rk
B 285 FRE S DL s 5 e B =22 1) 285 6 S A 0 i e BR300 R
filt

T R | SHR ki

| T T /
T4
\ BN
: b

!
carg TR

(a) MR
(a) Initial configuration

(b) T BB
(b) Preload stage

()P BME
(c) Removed stage

(d)SBERERE
(d) Final status
E5 ®HMIBREANXEERE
Fig. 5 Scheme of measurement apparatus for the

micromechanical detachment technique

69 IE



] jcmik

42148 3L ZE (Reviews)

M S 2012,30(03)

SCIEACE & TECHAOLOGY REVIER

23 BOSBEREAR

B0 B B R SR B AN R Gk Ok 286 B R E B 1 T
FM bS5 TR S OBORZ BB L B R, HOX
VB FH B 7 1 T8 5 o 08 1% 485 KT 486 K 5 4 8% B oA 22 1 1) £
AL T 52 30 (1 B0 43 88 7 38 B — 2 B B I SOBORE et 2% T IR
b5t 3 T 22 T (1 5 B T & A S Rt A R T 2 A
3, WO TR 7 80 52 AR /N EL AT LA Z0m | DRI R A R R
NI - 2 THT 4 185 1) B0 43 185 7 ok i) 2 A A 8 AL T 1 KN

T B0 0 B R R It e el BR A A% L I R A A
T 25 0 4 J 5 A4 B (1&1 6) o R i AR R 285 R e T3 [ 28 2 e
b IR A AR A A RS L A JE A G B AR SR AR B
HCBU T 38 b L (AR ) il ATk ) A ;T 1R R
AN 4 S i AL B B R LA AR R 1 S B S RE 1k F)
AR AR B ST, R 0 ] 4 2 T R AT O K ER
TERS PR AE S 07 2 T ML LT R /D 5 WA A
R KR R B CCD FBAR ML WL 5% I 43 AT — X 3k 11
THORIURE 43 B B SR 2 A [) 5 T 1 0 4 5 1 5 G 1]
7 R, S RGO 8 15 48 2 T (19 1 — A AT B A

PR 3R |§fﬂiﬁﬂ TE L 5 ERE

E6 BOSBREAMNKIEERE
Fig. 6 Scheme of measurement apparatus for the
centrifugal detachment technique
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Fig. 7 Micro—particle detachment status with the
centrifugal detachment technique
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Fig. 8 Scheme of measurement apparatus for the
electrostatic field detachment technique
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Fig. 9 Scheme of measurement apparatus for the
vibration detachment technique
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Fig. 11 Scheme of measurement apparatus for the
laser detachment technique
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Table 2 Advantages and disadvantages of various micro—particle adhesion force measurement techniques
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