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Development of Surface Treatment Composed of Chemical Conversion Treatment
and Paint Coating for Black Bolts Used in Motorcycles
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This research relates to the development of
black surface treatment bolts used for motorcycles.
Conventionally, the surface treatments applied for black
colored bolts have been, in many cases, the methods
using hexavalent chromium. However, hexavalent
chromium is designated as a hazardous substance, and
its use is restricted. For this reason, the developments
of technologies to replace the surface treatment using
hexavalent chromium are under way. In the case of
using such substitute technologies, the technology
for realizing black-colored appearance did not fulfill
the requirements, because of the obstacles to realize
required appearance and fastening performances.
As a result, those bolts were used only for limited
applications. In order to cope with this situation, we
developed black surface treatment for bolts which
can be widely used for motorcycle applications. For
the coating composition, a black trivalent chromium
conversion coating film and a dip coating layer were
formed on a zinc plating coating. The conditions that
satisfy the requirements for individual films were also
designed.

Moreover, the manufacturing conditions were
examined and set as well. As a result, we established
a surface treatment method that can satisfy the
performance requirements as a black bolt for wider
application to motorcycles.
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Table 1  Blackening surface treatments for bolts
Surface treatment Requirement
” Fastening Appearance quality
3 3 =)
835 Kinds of ss|Ts| § £8|168| 58
T = 2= @ ] s| 2g| 5§
N ®| surface treatment B E Q-3 T o8 o3 =]
< £ =g | €0 2 s2| 52| 2
T Co|kFg g 38|38 = §
Black Zn plating
o | using Cr (VI) 3 3 3 3 2 8
o
c .
g Bla_ck Z(? a\l}tl)y plating 5 3 3 3 3 3
8 using Cr (VI)
Black Cr plating
using Cr (V1) 3 2 4 4 4 8
Black Zn plating
el
& |using Cr (1ll) 8 3 1 1 2 8
©
S |Black Zn alloy plating
§ using Cr (1ll) 2 3 1 1 3 8
o
Z |Dip coating 2 1 3 3 3 2

4 = excellent, 3 = good, 2 = average, 1 = poor
Cr (lll): Trivalent chromium, Cr (VI): Hexavalent chromium
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1. The cutter advances along the direction of the blade.

2. Just after the blade touches the Zn plating layer, the
cutter changes the direction to advance horizontally
parallel to the paint surface.

3. The adhesion strength is measured by detecting the
stress applied on the cutter.

Fig. 7 Model of SAICAS and test method

Table 2 Storage condition until coating process after
conversion process

Storage condition

Finishing —
Temperature| Humidity
Storage condition A Dry 21°C under 40%
Storage condition B Dry 40°C 95%
Storage condition C Not dry 40°C 95%
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Fig. 9 Relationship between adhesion and corrosion
resistance with and without finishing process
after chemical treatment
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Relationship between corrosion toughness
and storage period with various conditions

Znion: A4y tX=(A 4 +X)y/Bld]
Solution: B-y[L]
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Solution: B[L]

Treatment (n times)

Zn ion: (A=)A.4)+x[g]
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Fig. 12 Increase of zinc ion in solution and loss of
solution in chemical treatment using trivalent
Cr
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AR (L)EnNREL BEDEZInAF VIRENRD S —ER
WIS A2 AR LTS, ZOWNIEE &% Zn 4 F
VEEETS20IC, R (1) On2WMRAELZEZXD
MR AERS & (2) TRENh D

lim, A, = x((B - y)/y) (2)

EoT, n BT RECEED Zn A4 + VIEE Cynle/
LIdRX (3) TEEh 3.

Cnion = X((B=y)/y)/B (3)

R (3) D x &y OIEIFABEE O IRGE & YA o 2 i
FEIARATFT . Zn A A VIREIRAE B2 DI x BIRKT
YWIRMNIBE B EETH D, BRETRICTHEZhSZH
5O TRE L 72/ER, Zn 4 X VIEEORKAEIX 14.7 g/L
Lo

ZOMRXY, WEORMETETE, KHICREE > T
b, Zn AKX VIREN 20 g/LABABZ I VWEEZ,
Z ORI &L XN B RIRIRE O FR% 5 2 5 L To5M:
EL7z. ZOK%MMEFRESTSHZET, ThE CHEIZRH
U T 72 RN 2RI 5 e < VT 5 2 & A ETREE 7
D, AEEOR AR S Z EAEEE &S,

AL iR o B & 5 SR 5 729102, 2
A NGO bHEOREETH 5 L iz Hw5Z L
L7z 5k, LAEDVINEWDIE E IR A @,

In A X VRER, FIREEVEM S L TED 2 20 g/LI2#
U 7= (LR AL B A T A R U 7= BB e I oD B % 52 4 B
&, LI 33 Th -7z TORBRI D, A4 5
JEDRNE L I o 72 A OB E U CRIHZICHE &, RIETRE
HOBGENORG I85>k L.

3.3 EBbREERIE % T & T 2RI TORBDEET

3.3.1. BEBEDRTE

F9, RIEBREAB IS5 BOHEREARET S L
EL7 22, IRE ERMEOWREIESNE AL b LT
THREIZEZH SN B RNDO AL N TH DB M6 FRL FDRAL
K ORUE (JIS B0209) 4 5, &KL D B EEHRE % $RH
L7z, HRALLHRLOEOKE SR E /NS < 55 RE#
EZ, DR UCNELS TRMET, 4 U FEMMEL _ERRME &
BolzGawHo7. 20O %, MEIZ13 pm& k3. Z
DEBFTIZHNT, B LOERMUHOIEEIE 13 pm DI
ThHUENH 5. M - G LUK IERE ORI % &
92810 ;mTHBZ M5, BIKOE X1 3 um B
TThHULEND .

Ih&D, ARFKICH T 2EBEE X OHEAE 2 um IZ3%E
L, ZORZEELTE ]l nm EFHETHI L L L &bk,
AL b ORIEL L U TREFHED & 27547 v A kAL
PEEIZBWT, BFEEOFENEDR 2-3mTH B3I &b,
SRlEEE U 7 O HEMEIE %4 2 & O Th 5 &l L 7-.

Table 3 Assessment of base paint material for bolts

. . Organically-modified
General organic paint ; g :
inorganic paint
Acrylic | Epoxy |Urethane| Silicon | Polysiloxane
paint paint paint paint paint
Thin film 1 1 1 1 3
Corroswn 2 3 1 2 3
resistance
Pot life 3 3 1 3 3
Hardness 1 1 1 2 3
Coloring 3 3 3 3 2
Weather | 4 1 3 3 3
resistance

3 = good, 2 = fair, 1 = poor

3.3.2. ZREMDBRE

BENTHRI DI & MGt L 7=, BRI Y 725 TIE, —i%
ICHREISEHTTRE T H B & OB SN B, — RN A Bk
B HE RSB R 2 5 BIRT 22 L & LAlli2 52
%57z, Table 312/ [ ORNERIEICTR S 2 EIED
PEREIZ X T 2 R BRHEAM O FHHAS R &R ¢

Zho OBREM OB T, WEREMEKLS 2+ 1 um &
W HWEEDMR CE I DI Y P e — L BFHIZTE S
Ry vuadFgy REBHREHEME L TEELL. 72, 20
BWROBIEIIIRBEENEL B 520, EMEEKbomi
o S WS 2R ENN. ZODMEEICHLTEE
FlzeZ & BN LOFE L LTHEI N

3.3.3. ZERDEFENDRE

DT AE HEICT 2 -0DEGEAIDEEL I k-
7z, CHRHEONBER W ORI X B R Mk, KBS
KT XINBBEENLNT L5, BELIZS WER
LLTH—KRVv T Iy reTELREAERRE®RTL /-
HEg R ORME XLl T ONEF THE L 7z,

SR EOHEXE 7 gL > LRIEDOL AL E L
7. Bousdh o XIFREICAM Y 9 2B RATS-08
T E 20D, BRITBWTHRL MRS EMhi s
&G T T h 5. TOHEKEE NV & —R @A
THIB L= Z A, L*EIZ 28T TH - 7-. k- T, Hik
OHIEAE L*E 28 LT &) 7=,

ZOBEEERT B 72012, wRrh o BEGR ORI
ARETAHILE L FTRAMBRLBETICZT, Zn A
T VIREA 20 g/L k5B KD HHIE L 22 (LU & P
T, BRI A5 U 72k 2 8UE L 72, ffn
THREAERI OIS 225 4 7= 0 & FH S U, W IEIE A 3%
ELZBEEDTETH2 1 nm&hbEH12, £5FD
ORERFIZEE L 72, B o 72RB 0 L 2 HlE L 72K
O, 5 KUK & /Ml 4 Fig. 13 128

HEGER O RAERAIZ 2.3% B ESH T L fiih 28 %
T2 ZEnbrd. ZOME» S, (LRI & 578
L7-BEEAZMAEDLESLZ LT, Brash- = LEZED
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MOWYTH D DMEREBZ - 7.

HE LR TR T, Zn 4 4 VIRED 20 g/L OMLEE
Wk T, RO E 5 U 7258 2 $UE L 7-.
Z ZCHEAHERORMEEZ A 2B 42 HE L, BN
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OB IZERAE L 72, RO ORINEE O OB 125t
L, 480 BlD SST %% Z vy, RIEMIZTEA L 7-85 D1
R & W5E L 7=, Fig. 14127 OV-Hafl, 36 K OHRANE & i
N ER
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Fig. 14 Relationship between pigment content and
corrosion toughness
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3.3.4. BEhDEEREEEDRE

B TR R A TR 5 7212, R h OB & &
Z PEVEFHAEH #3808 U7z, Rh O BRI HI 0 B & PR
LOMBENEL, 4> 7B SEIZB T 5 FE & Rk
fili, f/Mili% Fig. 15 1287,

ZOMER, fEROREUB LRSI 52RO,
WRHIZ 6-18% RIS 5 Z & & L7=. &7, FERIEAIG
bz LTl D, B B L MEEMETF TS Z
ENRFELZOND. Ko TEHEOB A, S T b 5 h i
RY 5Ll Ul BEREAORNE % Z 2% % H
BL, BENRELZBEEO TR THS 1 pm & 55 k5
12, H5MF OO IC®IE L. Zh o OB o
L, 480 > SST %% Z 2y, FMICTEA L -85 O
R AWE U 7=, Fig. 16 127 O FIME, B L Ok ll & i
/IMiEi &R
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Fig. 15 Friction coefficients to friction modifier content
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Fig. 16  Relationship between friction modifier content
and corrosion toughness
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ZORER, 22% ORINEE TEE LS MEELAKT TS
Zlidm <, IR LU 725 6-18% OWRNIE TIEm & EREIC
HHLEWI LML TE 72,

3.4. RABEEZHDRE

3.4.1. RBZBEOFRERY V) REHRE

ARFFETIE, BEEEH 1 um BLEAD 3 pm YA FCTHHE
RMREPHERI TZE D XD ITHE SN TS, K> TREE
WKOTIED S b, BRFEARET 2 DOICEHE L, KU+
RN 5 LR & RE R 24D U1 5 LREO &M
ERGET B,

HEy & & 2T &2 %58 LT3 72012, HEADE
BEBENVST A -2 BT EMEI L2, 2D
BIZ, RERK THEAYMABERICET ML TEL S Z
L7

REBIE TR T, A IC A, BRI s
2tk ORI D B TRREI BB AIRD IS Z & TR
DIEE %55 P04 5. Wi Lokl Fmsg iz X v i
WER-THED, MoK L%, IZITAMICHET 5
TENTEBLEEZONS. L2257, g Eodk
I Fig. 17 1R 9 &5 0Nk D, EOIEER £ THHE)
T 5.

RAMVEB T, FEOSMANC A > TR RECT 5. 4
JAEAHED R b 2 d 2 BATREL TE, KR
K0, WHIZH 2 AL b ORI, MO L2215 TH
JHEBICH ORI NS, ZDXSITL T, EMSEIcH
B EBOE AT LT A, ORIk, 2
AN —EMWIZEL LR LEL 5D, M EICHE 3.
3T B EAFHENOMEIZ K > THRE S0, Kz
ZHENOMRIZE D, RBT, BORNEABIZHT B,
WO F, ERETF,OD0 W2k - T, SENEERD
PRV ONRENIZIFTRE SN EREL 72, ZOT %,
Fig. 18 {ZR§ A TE L 7=

IhoOIGEIZEED &, BRIFIEIZE S92 BHRB OB
BRERNTETZ L E2lar.

¢, BONF IR (4) TRE NS,

Fig. 17 Image of movement of paint in excess paint
removal process by centrifugal force

Fe=pxSxhxrx(2naN) (4)

o: BROEE

S RO E LT B HAT Ak

h: RO &

r: EOFLN S O E

N 2 DAY O A O [RIR R

rid, BEEYEICB 54 2 WO RIEE . TREL .

Za— b Y ORAEREIE WS SR Fy i3 (5)
THRINhBZLIlkb.

=(77xv><S)

7 WARREE

v IR OFHE

S RO LT B BRI %

h: RO X

VIZRROREEE TH D, HEOINZK>TET S8
HONDIRK & 7 BRI CIok & 7 5. IRAVEE O
BEIZBWTE, EABMD LT E, —EHIZES L Hid)
L%, K(4), X(5) &0, EADMAIZHEN, H
MERE B B B8P 2 A B &0 TR U, Bt
BN 5. WHOWESAIEE 30, ZhE18D0D H Wi
BolkEEELZONS. Thbb, T TF.=F, 3%
&, BROREEERT IR (6) 8335605

nxv

h= [— T2
PX g X (27TN)

(6)
ZORBBIZENE U7z & 2 12E0R D U 0 B o nlfin % 1k
L, WERNATHEWEMO LARE L, RO nE—
1245, ZO%, BT LIS Tk LERE LS. OF
D IRFHEGRIZ I B, mORY) D LB T IR0 2153 SRS
JEh R L 25 B & BT, R ARIZ DOV T—
EOBRZEXNEOoNEZ L2k, HE5T5/854—4
DS 5, FBAEE L OIZERIORE 7 & O IRY] D o
BN THD. &bAA, ERIE, HOBKDOEE - E
AONBD, KEFETIZZDDDI8T * — & RIEE 4
EINDEERTH B LE LT, Mk % L7z,
ZORHDE L2, RO WDIEERE S 5 5%

Fig. 18 Image of excess paint flinging off by
centrifugal force
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Y D720, WHRORE &R ORY D O REE o B
%%%Nétb®¥ﬁ%b_&ot.%ﬁ%%%F@AQ
IR,

K I3 EPE TR CIA Wb TV B SRR (7 %
Z N EHBRSHEL 4T 5y 7)) TERIL 72 RO
SR 35°C, BRIOME L 25°C Th - 7-.

HFohzfRicks e, BxhX (6)D LS5 IChliEKk
ICRWHIS 2 Z Enbhr otz £72, KR THOVTWS
FOODRY) 0 B I EER 500 rpm & RiHRICT 5 &, Hi
DEWEE X 2 nm #1525 72DITIZEBROREN 9.3 s TH
UL KW Z LR I,

%wfﬂwmﬁm&awéﬁmﬁlﬁzﬁﬁ 1257 %
WA ERT 572012, KOFBREMITH LT E 10
° zﬁﬁbfiﬁ%% o7z T ORER, BRIORE H
9.3 s DGADEPEE XX 1.5 pm Lk -7z, AL WODJEIE
IZRHLTO05 nmFBEEOENEAE L2, K-> THRELRH
Bz & 0EDTF 272012, BB 0AMFEREFT2Z &
L7,

MR 10°C THEL B I 5 ) LR XL & 58
HiZ, IR0 W) LRIV TERBRD T 6 T &
RRIC A & 28085 2 28, SR E 28R LIS < &
D,%ﬂ@ﬁﬁiﬁﬁﬁ<&ét%?@ét%it

ZNEMERT 572012, SHAXIREENT 20 mL OBF
ZHEZ6S mmDOE—7 V‘]“(Tﬁﬁ:bﬁ_ L EOME FROE
WAL 72, Z O % Fig. 20 1277

ZORERD A KR MR &R B ANEL, AARES
EVEEE FRASRL KB Z b otz D% 0, K
FRAEEEICEEET - EICTAMERH L. DD
HHE L TH KBS R 2 LRI CKEORTH > T o H
WEIORPRLELZ L HELENS. KEFIEHEWTH
5720, WBEICX > TEREROWENE DS, D720
—EDORE LT B72OICA B HRFNDOENRE B Z LI

7 1
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Fig. 19 Relationship between rotational speed of
centrifuge and thickness of film for different
paint viscosities
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DAFEVEME N T 5. 22T, SA5IROENE BRI 3 72
12, BROME L WERMOMRE S —~EICTHILEEL
7o IREE AN Z B 720 ISR & BEEM OIS & [ —
THIET, HRHOEREE R~ EEBDILERD 5
7. ZBROERELR—E ThHIUL, BROREE O A
TIMEGR Y & —EIS$ 5 Z N TE, WUEEAOSH &
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Fig. 20 Change viscosity of each temperature
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ZORERIRT LI, SREEIZ K DA T BEEDEIC
U TE, BRE BRI OERRE OFIZ &L D —E DT A
HoNnbd Z EMER SN

3.4.2. BEEROEM T RURE

FNT, WHOEME L TEELEZR) Vv afy v R
B AL & 8 5 DI BB RIS S MG L 72, JBIslkR
72k, AEMIIEB/HEE N EL, WEEEMfETE 5.
KEROBKGEA H = X 213 DD axH VICEENZ 5
Z &2k OH %2 5 H,0 AilEs 2BiAiEATH b, 24
DATRIBHHED . K > TRBH AL X2 51203, B

AICEIEEBAEMA R LS KW, 22T, 7, BEL
72 Ya VRGO CHERE X T B IIEGRE TERE
JaBIxW, MIETH22 MR L. 9, AL b
& RG22 5 K 512§ 5 728, WA 3 pm
B EIITEBAEBML, HEREXN T3 140°C X 20
min CHERHT 72 & 25, RIFAMENEH$5 2 & 2R
T&E 7.

By, “EwWHEHOBEGFRL M, WEX T v —-Fv 27
IZffibhaZ&d %0, Ko TTV—F T —F2hh
2L EIONE. LALTL—F T — FIZBIKAE
fRXERLT VD, BEAL FHOBEIZTL —F 7L —
Pz BMEs0EE x5, 22T, BELERAL M %
200°C THIEAL 727 L —F 7))L — FIZIEE L 72, 200C &
TLU—F TN —FRHHTERRABIETH S, T OHK
B, BEEEENERT 5 ERPRAE L2, £ 2T 140T X
20 min THTT 28IEIZX, 7L —F v 27 2IEHT
EhRVEHIM L2z, ZORKE LT, RIS —Eh
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Fig. 22 Thickness of film under various seasons
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Appearance of coating bolts
immersed in brake fluid
after baking at 140°C

Appearance of coating bolts
immersed in brake fluid
after baking at 180°C

Fig. 23 Appearance of coating bolts immersed in
brake fluid after baking at different
temperatures
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Fig. 24 Corrosion resistant confirmation result of
baking temperature distinctiveness
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Fig. 25 Appearance of bolts
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Fig. 26  Appearance of bolts after tightening
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Fig. 27 Appearance of bolt after corrosion test
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