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Catch and Release of Cotton Threads by an Electrostatic Lint Roller

Yuki FURUYA " and Toshiyuki SUGIMOTO ™'
(Received March 1, 2023 ; Accepted March 30, 2023)

In general household, dusts are usually removed by a vacuum cleaner that may wind up small dusts with an exhaust air. It may

cause significant noise and sometimes allergic symptoms. A lint roller can be used for clean and less noisy dust removal.

However, it produces additional waste of adhesive tapes. The purpose of this research is to develop an electrostatic lint roller
that can easily catch and release dust by an electrostatic force without any noise and additional waste. The proposed lint roller
has a cylindrical high voltage electrode covered by an insulating layer with two reference wire electrode on the both edge of
the cylinder. The cleaning characteristics were obtained experimentally by the collection rate of 64 cotton threads chosen as

dust. The measured collection rates were increased with decreasing the surface resistivity of the base material, ps , the rolling
speed, v, and with increasing the contact width of the reference electrode, W, as predicted by the calculated electrostatic force
from an equivalent circuit model. The collection rate become 100% at an applied voltage of — 5 kV. The cotton threads on the
roller can be accumulated to the collection unit and easily transported to the garbage.
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An electrostatic lint roller.
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Fig.2 Electrodes of the electrostatic lint roller.
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Fig.3 Equivalent circuit model.
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Table 1  Surface resistivity of the base material.

Base material Surface resistivity p, [Q/sq]

Metal plate Less than 10°
Tatami 9.86 x 10"
Paper 2.57 X 10"

Polyethylene mat Over than 10"

Carpet Over than 10"
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Fig.4 Collection rate of cotton threads.
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Fig.5 Relationship between pushing speed and collection rate.
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100 [ T @__-G—) T Q T
L '®' @ .
80 o
9 [ @ \treated J, |
s S ]
o H/RH: 27 - 35 % s .
E 60 - Base material:polyethylene mat| /), 1
| o SN
a0l AN :
o - o nontreated
S .
U 20 ~ + -_—'+ |
0 [ 1 . 1 . 1 . 1 . L

0 1 2 3 4 5

Applied voltage U [- kV]
12 SR L7227 — ) — OfhlE R

Fig. 12 Collection rate using the improved cleaner.

125 (47)

5. O—7—(CREL 724k OBBEEDORE
O—F—ZWEFLFa) 2FEET 2 FEICo0nT,
Fig. 13 IR 2 20K ETHRE L7z, (a) 3MHEAD—
N7 —F— R LI ICa—VERICKT) 20%E LG
J, ZNUEWETERL o BB TT IO ET—K
ATV EFBRELTCHET A2 HETHL. —F, (b) &
R B L@ AT — 2B il A ETic R )
AT 52 FETH D, HEEEES—HT 2EHI2HRT
Y RiEEL =y MR, A3 ZEEMAGICT] 5 20 TR
T5H, B, RA) Eilond AF— DI EEM & [H
BAL & 70 2 EEMAMEE W, BILLZZB2iE A3 OF
R S A

FETEMH 2 & ATZA T L — TR 2475 728 1) TF
L=y bENR=ZFE LTHY, F3Y) OWEZE#D) R
L7zt EOMEREZR/ Fig 14 12RT X912, (a)
OFETIEE—F —FEI10MHEHTSS%EFTHETL, &6
2u— 7 —BfEEFATS 5 EHiERIIRE AL, <1
FAOMEIZE TIRT L7z, 2hid, N—=A# kT 234
WREETH — T — 2@l s € Td, R—AMD Eoka

Dust removal unit

(a) Collect.

13 Wi L 72 ARHiR DA 77
Fig. 13 Desorption method.

(b) Remove.

100 |

50 |

_50:, (b) Remove ! ]

-100 Yoo

Collection rate [%]

-150 [[RH:28-34 % ]
[ | Applied voltage:- 2.0 kV 1

r | Base material: Treated polyethylene mat

200 N S
15 20

P

0 5 10
Number of adsorptions [Times]
14 EBEBIE % 18 O TR R

Fig. 14 Collection rate with the dust removal.



126 (48)

UL TICHZTLEIZEZRL TS, —Ho—3
— LR ELIETELLD, HETR—2
MOEIZET L2 EDRRATHS. Lzoi-T, K3
EEEEER LIRS SELEFFTO-T—2F 0T DI,
VETHEWEZATHI) 2RSS TL T ) TR E
W e T,

—7, (b) OJETIE, a—F—8{F 1A H T 100%7°
S TAHEFED 20D R LT 0% L EAMEFEL TED,
ZE L TEWHERNME SN U, s Lok a)
X TOMET— T —OREH» S HEE S THINT L2 L
T, N=ZAMODFIZH BT OFBERAEZ L 2\
L&, PRL72ART)DBIR=AMIZESL L2 L EDr 72
ToblEZoNnD, PEr=y MZERESNRT) & F
EOTITIFICHET ST, F2iHsT,
MR TIFMESTICART )BT ERETEDL VAT LN
T EDL N gmoTe.

6. HHVIC
HES vy 7OEAZICH L -a— VD7) —F—%

AAEL, KT BB L RS OGS - BEENERE 2 R

7o F7z FHMEEEE ARSI )VEETIVERET S

LB, HEROMWEMEIZL Y ZOZLMEDFER S

7. BONTHRETEOLEUTOLIIRA,

1) A3 OfERIL, BELEBNOHMEL U, i
WAL AT) FTOXRMKIR, MKTLIH—TF—
DJFE v, FEUETEM L N — 2R OFEME W T E 5.

2) METEEMOEHNMELZ o KE TIUEL N—2MH
OMEE ST T hafiErEBTE 5.

3) BMEATL —%%479 &, N—AMOEEKIAT A
HZ LT, LVIKELTOMENTREE LS.

4) U —F —[AEREF IS L7zRa) 2 S 2 B =
v bEHWIUL, BOIHEREMEEL 258D L

# 35 (2023)

WHETLIENTES.

5) kit4) OFfECHIL ATV IZBRESINRTED,

AT IFEICIECH I LN TE S,

EBEOAT )L, REBRTHEALZAMRL D M T
BWIONPLVEEZONLY, ARLDDIREVLD
RIEKPEL2EDEH 5. 5, EBOKRT) ZHN
TERFROEREZERT L2 TETHS.

BEXH

D o7AdE & R SREE, mBBY, SRR K
B, REZEREGEE, BAMEDR 164 SENBREREE MR BT OB 5
L70=0 Y 7REIBIFLY =/ AFMEHBT LT 2O
BROZO8EE. 7LV F— 53 [2-3] (2004) 329

2) mBBE, kB O R SREE, NEEE, %H
B, BZEEEDR, BARKER 165 NBRBEEAN I O B 5
I.70—) Y 7REDFERFELEZOTF V=T LT
YR, 7 LIVFE— 53 [2-3] (2004) 330

3) M= BT LVEF - LWAMT LV v HRIRER
BiR, 60 [111 (1967) 909-917

4) BCHE—HS, WEYEHE, FIEIEE, FEIRE T, N IR,
AR VENRET, R T, BT ALRE KRS T
LV F =Sk O B Er. B SRR R # i, 1995(1995)
42-48

5) KB, AR  BHAAHEET v v 7 OREGEREL
NTHE~OIGH. AR, 42 [4] (2017) 73-74

6) WIERY - BENERE. R 2018-097082

7) B, H: RIS OB, — R
HARBUFRWIIe5 R E T, 62 (2010) 158

8) N. Jonassen : Electrostatics, 56, Chapman&Hall, Atlanta (1998)

9) HARTIEBE JIS C 2139 ¢ (AR SRS F— RIS
T OB OHE Sk (2008)





