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The cover is laser microscope image of white polybutylene terephthalate (PBT) film used as
a convex mold and a concave shape transferred to a transparent UV coated film.
Appropriate wettability and release properties are required for good transfer, and are
important factors in giving shape to the film surface.

By forming various shapes on the film surface, it is expected to be applied as a functional

film depending on the purpose.
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Development of Chrome-free Film Laminated Steel Sheet for Building Materials

Yukihiro Yosuisue, Hideki Yawmasaki, Shunsuke Fusmu

Synopsis :

Key Words
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Resin-coated steel sheets laminated with decorative films are widely used as interior
building materials. Because steel plates are long-lasting materials, chromate treatment
has been used. On the other hand, due to recent environmental issues, chromate-free
products are being promoted worldwide. Additionally, in Japan, the JIS standard for hot-
dip galvanized steel sheets has been changed to chromate-free.

However, chromate treatment is still used for resin-coated steel sheets that are laminated
with decorative films. This is because it is difficult to achieve both film adhesion and
corrosion resistance.

Therefore, we focused on surface treatment before film lamination. First, a cobalt metal
oxide layer is formed on the zinc plating. Next, a chemical conversion treatment layer
is formed thereon. Using this method, the amount of film in each layer was verified and
excellent performance was obtained. We have developed a chrome-free resin-coated steel
sheet that has the same performance as conventional chromate treatment. These products
can be widely used as interior construction materials such as bathroom panels.

. resin-coated steel sheet; chromate-free; environment; film adhesion; corrosion resistance
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Adhesive

Chromate chemical treatment

Zinc plating

Steel sheet

Zinc plating

Chromate chemical treatment

Back side coat
Fig.1 Schematic view of chromate film laminated steel sheet.
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Fig.2 Comparison of film adhesion by Erichsen test after parallel-cross cut to others.
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Adhesive Adhesive

Multilayer film of PET and PVC
Fig.3 Schematic view of Multilayer film.

Multilayer film of PET and PBT
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Table 1 Test samples made in laboratory.

Test Surface treatment (one side) .
. Decorative
sample | Substrate | Primary | Amount | Secondary | Amount | Adhesive film
number coating | (one side) | coating | (one side)
Co-0 Omg/m?
Co-1 4mg/m?
Co—2 5mg/m?
Co-3 8mg/m?
50mg/m?
Co—4 | Hot dip 10mg/m? Each of
B galvanizing ) multilayer
Cod steel sheet Lomg/m film of PET
(Amount of Clalal , | Chrome= Polyester | and PVC
Co6 surface | 25mg/m free .
plated | hemical resin and
Co=7 layer:180 contro 30mg/m? | cnemica 3um multilayer
E— 5 treatment treatment
cF-1 |, 8™ tmg/m? film of PET
Thickness: g and PBT
CF-2 | 0.45mm) 10mg/m?
CF-3 50mg/m?
15mg/m?
CF—4 300mg/m?
CF-5 600mg/m?
CF-6 700mg/m?
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Steel sheet Heating R
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Primary coating

...................... Surface treatment section

Secondary coating

Decorative film
Laminating Embossing roll
. roll
Coating roll
O Heating Heating Cooling o,
e7 zone Q zone zone
L. Adhesive coating section - t=mmmmmmmmmaaan Decorative film laminating section =============-:
Fig.4 Schematic view of production line.
Table 2 Test samples made on production line.
Test Surface treatment (both sides) .
| . Decorative Back
sample | Substrate | primary | Amount | Secondary | Amount | Adhesive film side coat
number coating | (one side) | coating | (one side)
PVC Multilayer Epo.xy
-CF Cobalt Chrome-— film of PET resin
Hot dip surface 15me/m? free and PVC | chrome-
galvanizing | control M8/ 1 chemical Multilayer free
PBT | steel sheet | treatment treatment film of PET | pigment
-CF | (Amount of Polye.ster and PBT 5um
plated 50mg/m? resin Ml
layer:180 3um ultilayer
PG T film of PET | EPOXY
-Cr 8/ms, ) Chromate and PVC resin
Téucknes;. chemical - chromate
PBT .45mm, treatment Multilayer pigment
Cr film of PET 5um
and PBT
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Fig.5 Standard for evaluation of film adhesion by Erichsen test after parallel-cross cut.
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Table 3 Result of film initial adhesion and corrosion resistance.

HEESER  Vol42

Evaluation of film initial adhesion Maximum blister width
Erichsen test Salt spray test using cross—cut
Test Amc:unts of | Amounts of after parallel-cross cut method after 1000 hours
sample primary secondary
number coating coating Multilayer film | Multilayer film | Multilayer film | Multilayer film
of PET of PET of PET of PET
and PVC and PBT and PVC and PBT
Co-0 | Omg/m? E D Full surface 10mm
exfoliation
Co-1 4mg/m? C G - -
Co-2 5mg/m? A A 11mm 1mm
Co-3 8mg/m? A A - -
50mg/m?
Co-4 10mg/m? A A - -
Co-5 15mg/m? A A 8mm 1mm
Co-6 25mg/m? B B 8mm Imm
Co-7 30mg/m? C C = =
Test sample number
Co-2 Co-5
Multilayer
film of PET
and PVC
Multilayer
film of PET
and PBT
D B

Fig.6 Appearance of film initial adhesion by Erichsen test after parallel-cross cut.
(different amounts of cobalt surface control treatment)

Test sample number
Co—2 Co—5

Co—6

Multilayer
film of PET
and PVC

Full surface

exfoliation Smm

8mm

Multilayer
film of PET
and PBT

1mm

10mm 1mm 1mm

Fig.7 Appearance of corrosion resistance after 1000 hours by salt spray test using cross-cut method.
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Fig.8 SEM images and element mapping images of corrosion area. (Sample Co-0)

Exposed plating area

Cathode

Macro cell
(Reaction rate : fast)

Without cobalt surface control treatment

Exposed plating area

Cathode
O{/(')Hf O{/QI'F Anode

e

Micro cell
(Reaction rate : slow)

With cobalt surface control treatment

:Chrome—free chemical treatment
:Cobalt surface control treatment
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Fig.9 Schematic view of interface corrosion between chrome-free chemical treatment to zinc plating.



WIESS  Vol42

Il (KRERER) THHNL2ON—BTH 2. 37z
Db, 7 O EGETREDEED K E <, JEER
EbEWED, BE NICOH nEef ks ipH N L5
L, 22X, BpHBRRE SR 0 Y IV HIgBiT T
%2 ET AR E SR RAIL L, I — R TU RS —
WRSEFLZEHII NS, —RICEEESRBEEM O
BEREZKAZER-EGESDONTHD, 7))V AU BRI
W, BIEHEEI Y — RETR I 280N EE
ZA5NTNnSY,

@) aN)V b &EE R LU BT

Wi - E Lo/ MeEafiEichitEsgs e
T, Zn K0 A F AL O/NSnWa)N)L k (Co) 23F
TNEBFETTOKINE (B —R) &b, T O, BIE
T Cotim By —R) EBHL72Zn Do & (7 J —
R)MREIEL, EBFZELDEDTEI700) UhNS720E
BODNEREN S, S 70 VBIEBEENEN T &n—
BRI SN TH D, OH DAEREIIMEENS. T/b
5, BEFORFZRTKICICEDZ Y —RTY 25 —n
HHlTEsEELLNS,

BHISH ML 7 + W LABEETH 0, BIE T Tl
BEERYOBIHCILBN T OoNS. 20D, &
ENEEA A ERVOEMRL, BIERKRT 2T /—R
(Zn —»Zn*"+2¢, Zn*+2H,0 —»Zn(OH) ,+2H") &, Fs
DEITRIENEE Z % 71 — R (1/20,4H,0+2e —20H )
NS NIREBIZR 02T <, 7 QG RDETT 5.
R EE R T 272010, BERITCKIBZERELNITT S
27O EFRIED I EN HiRiEom i3 E
HEEins,

3.2 ¥omRk DRERL
3.2.1 Ja0 BYECPETHRE OME

VAR D > EHIR D 7 O A — b 7 1) —HLEE, —f%
MICHEREOEARHIETH 25502 <, AR
ELTIRFTR, ULY O RBIERE, BERETEL
TFH L, DIINAZTN IBRTThy T T El
EDREEELI B TWS, £/, (LA & 13 85E%
NS I—F—HA T TOHIRBICHE &7 5 — K i AE
B XE 570, #ESE600me/m” Pk, 800mg/m®
IR TERINTVWBEENEZN.

ZAUTK U T, ARFFE TIE AL O 7Rk 8 0 > 5
WRICHHIEHE £ TRERUMET 2 2 LITK D, KI5
HE2IIR—FTAINVLTRETES. 207D, Lkl
P T D Bl R L — e 1) 7 VA R B 0D > iR & Rl BR TR
BNWEEZT-.

Fig.10 1255 1 #: 58 % 15mg/m”® & L, 5§52 #h g %
BB LTI 2 — MIZDWT, I TEEMEEL 7=
fﬁ%ér@“ BHSH BRI BN T, 74 IV LAEADE
IZER 0, MY & 2 LRI 2 S v g
~

?3/ =

éﬁﬁﬁﬁ:é’fw HWENHDH. FIT, 741V LTI %—
BN L7 i A A L 7.

W I B 4mg/m” OPBT 7 « )V A, C#EAfi T 7 « )b
LIy PHPHSNIFENTBD, BEARARERS 2
(sample CF-1). Z#IZK L T, # I &10me/m” LA L,
50mg/m* LA F D% OIIA 3l T 7 1 )b LTSI E
9, BEEICEN T WA (sample CF-2, 3). #i X &
300mg/m’* @ & OIXFE —HIEIC HEID 57, PVC 7 ¢
IV LEA G-, PBT 7 4 JVAEB Rl CEWAI R 67z
(sample CF-4), —75, #E&600mg/m* ® b D%, Wi
NHB T, HENITEEER T OHERTE L (sample
CF-5). & 51T, #iiE 2 BN #700mg/m* I L= 6D
WBCEMET, 74 VALY DENHSNTFNTHD, 5
HARER > /- (sample CF-6).

INS ORBIEREZ O, HM T U 7 & itz o Fb
ET AV L DEBE M, HIEEOHIMZI DN KT T 2
MRS 5Nz, WIEEDOEINIE> T 1 IV AFEEN
FEL, ZOHEITIIWIEE O BEMIEIN L E 5 & #EH
IND. Thhbst, Ty 7 dBicBnTiE, T
WK OHIRAVIE D HE 5 BRI, Highed - E FmE IR H
NERTEEHIIND. DX 0, EHERS 2 &5 O HIRE
WIS AT 5. BIREREH O & B 0 M E 2 N
B2 &, MR 6 Bl L HINT 5 729, #iRiE A < 7x
D, HFEEAMETR T 5. 2020, RikEN kbR, o &
HEMOWMND T Ay NRICT, BEEMET S
LEZEND. LENS>T,PBT 714V A, PVC 7 4V A

12, 52 i TE 2 50me/m® TR T 5 2 &0, mn
T EAEEZS2ITIERETH D &H L /2.

T TNV LAHEIZEDEVWER 5N, PVC 7 1 )L A

DHWINTEBEITEND Z &N 5.

Test sample number

CF-3

Multilayer
film of PET
and PVC

Multilayer
film of PET
and PBT

C

B

Fig.10 Appearance of film initial adhesion by Erichsen test. (different amounts of chrome-free chemical treatment)
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Fig.11 Appearance of film initial adhesion by Erichsen test after parallel-cross cut.
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Fig.12 Result of corrosion resistance

by salt spray test using cross-cut method.
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Fig.13 Appearance of corrosion resistance after 2000 hours by salt spray test.

Table 4 Result of fundamental characteristics of test samples.

Fundamental characteristics PVC-CF PVC-Cr PBT-CF PBT-Cr
Humidity resistance test Good Good Good Good
Boiling water test Good Good Good Good
Formability test Good Good Good Good
(low temperature)
Impact resistance test Good Good Good Good
Accelerated weathering test Good Good Good Good
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Investigation of Resin Physical Properties that Affect the Adhesion between the Base Material
and UV Curable Resin

Teruhisa Icumara

Kaori Hiracoosi,

Synopsis :

When a processed optical film used for an indicator and an illumination produces the

shape of the surface, we often apply a silicon compound and the fluorine based resin,

because release characteristics with a film-mold will be often a problem. However, when

these resins are used, the problem is that the transfer becomes insufficient because

the film-mold repels the material that becomes the optical functional layer. We had to

evaluate various kinds of resins to solve this problem, which requires high cost and long

development time.

Therefore, we examined a simpler method to select a resin suitable for film molding.

As a result, it was confirmed that the resin can be predicted whether it is applicable to

the film mold by evaluating the characteristics of the film surface, especially the surface

free energy and the free volume of the film surface in advance.
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2.3 B
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TAINVALE=IVREL THRFHIHWEBER XYY 1

JV.sZETable 1 IZ/RT.BIEE L TAFLAEADDITY
Table 1 List of test films.

Film Tg
Polypropylene PP 0°C
Low density polyethylene LDPE -125°C
Polyethylene terephthalate PET 69°C
Polybutylene terephthalate PBT 50°C
Polyamide 6 PA6 50°C
Polytetrafluoroethylene PTFE 126°C »
Poly methyl methacrylate PMMA 90°C |
Polycarbonate PC 150°C
Cyclo olefin polymer COP 140°C
Polymethylpentene PMP 160°C
Ethylene-vinylalcohol copolymer EVOH 15°C

* 1 Bfir7ein B bEAmoeas SIRhie 7 )L — 7
* 2 BelirseT BERILEARZEE SRAIRL 7L — T ) — & —
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The Mechanism of Improved Cu Layer Adhesion on LCP by Anneal

Yohei Yosumarsu, Takahiro Yosuma

Synopsis :

As the next-generation wireless communication standard 5G continues to spread, there

is a growing need for flexible copper clad laminates (FCCL) with thin wiring that can

support high-frequency communications. In response, we are promoting the development

of FCCL, which is layered electroless cupper plating on polymer (LCP) film. The adhesion

between the electroless copper plating and LCP is improved by heat treatment, but the

mechanism is not clear.

As a result of the investigation, it was found that hydrogen generated during the

electroless copper plating reaction, pass through the electroless copper plating and

adhesion was reduced due to inhibition of bonding between LCP functional groups and

Pd catalyst. For this problem, it has been revealed that heat treatment improves adhesion

by ejecting the hydrogen in the plating film. When foaming a circuit with FCCL, it is

expected that hydrogen will be generated during electrolytic copper plating, and cause

a decrease in adhesion. However, it was revealed that by reducing the grain boundaries

of the electroless copper plating film through heat treatment, hydrogen permeation was

suppressed and the adhesion was maintained after electrolytic copper plating.

Key Words
1.8 %

WA, AR—=R T4 AR — NI+ v FHEDENA I
FTINA AN ZE BT —7, 86 5 B EhEE S A T
LGBG) DBEBIZE > TI 5 RDEHEBEENFEELZZ &
&0, FNA ANTUET 2 57— EAVRIBITHEML T
Wa, ZHRIES T, T lfEHEKIIL D2 DEE
BUAR SN & 72 % 08, ek O O RS X &2IERT 5T

Conventional product

FCCL for subtractive method

Copper 29um

=»

Polymer film

Acid
etching

Mask

formation
FCCL for SAP method
mask
Copper =0.3pm

Polymer film Mask

formation

Electrolytic
plating

~ LB~ G ~ ZE -

Mask
removal

. electroless plating ; adhesion ; anneal ; hydrogen ; Cu layer

LWETEY, SoR5EEERBIRERIRDS5NS.

INET HBERTECEY T NI T 0 TiEN
FIZTHWSNTELN, BEHOEEERICITHEN D
5 7%, & E R AR O AL ik & L TSemi-Additive
Process(SAP) IEMIEH I N TWS, kDY T LT
T 1 TiEB I USAP 2 Wz AR E R TR S X O
WX 2 Fig. 1 (2 U CTmRd.

Electrolytic

copper

copper:0.3uym
Seed layer removal

(Acid etching) 100pm

Fig.1 Circuit formation of subtractive method and SAP method.

* 1 Blir7ein B LB 7EE B are /)L — 7 Selidhkl o — A

* 2 BlBFFCaT BERILEARIAZEE BT AR 7 — 7 Sl R T — A F— L0 =5 —

21



HIEHIE  Vol42

— BT T NI T TETIE A E S HEAE S
N7218 pm FEE O HE N IR D 11 5 17z SR A JE IR
(Flexible Cupper Clad Laminate : FCCL) ZH W\ T, Z
NIZR A 2 EkE, Ty F 2 712k > TRESDREZ
15 2L TRIBEFKRT 2. BEWEZT Yy F 795 &
BOAR D WrE AR IR DYA S - 2 IR & 72 % 728, Bl
(Line)& B #EEEEBE(Space): L/S=50/50 pm LA O &%
ERROERISHEE /25, T 512, GEKEOERESZ
FIAT 2856, AR TN DEREIAENOBFHEF
D=8, A F I OMEN S WEIZB W TIIMEREELED
DIV e B AR

—7, SAP {EIZB W T, D> — RIEA B E N
JEFCCL LITRAF > T & i L /=14, BRI > & 217
WALEOE S ORMRET D, 20’ X AF T &KL
L, BEDH> — Mgz ERETT Yy 7279 % S Wk
ROV DB & 725, 2D, SAP & AWz 8HE1
1EL/S=30/30 nm EAUF D& R DTG v RE & 78 5.

SAP ETHEH XN SFCCL IZIZ, #i 2 — R g A R in
DE—IZBATH D T &, B LS — R DOEENRLT
THDIENKRDEN, SSICEFRESEFAT2HE
1B EB RO K ZR <T=DICHEM M — REO R
MEETHDZEbRDENS.

Z DX D IR TR 27297720, A 5 2 H k9
% Z L7a < HEMBIEITHEBMD > & 2T\, FCCL Z21E
Y DFFEemE Uz, EEREBEICHN S NS
IZBNW T, EMBHEITIEFAE BRI RO 5N 5720,
HIMIITEER Y ~— (LCP) 2 L7z, — BRI
ERIEIZO > IR & DFEENEIT <, HERma M
{EBTIZD > ET 210 > S PEAENE FL 1 T HEE
9 HHREND © 7o, B TIIMEMRD > SRR %
7O 2ETIOREZIRL 27 AW TIE Z ORI
KBBENUFED AN Z AL DNTHEZITO /2.

2.9 &

2.1 MB@BIRHOEH LTIV A

MIROLCP 7 1 )V AFEH % 7 )V BRI K O KEL, 7
IVIRF B IO ROF S EE R, RSB
o EZ01 um ETEML - TROWMEAFig2 IT/RT.

2.2 YrUTILoERE

BULEIIRER Y N L — NI > TV EFEE L, it
B 5 A TIRI AEE N, FHE T CTHE DR E T30 4
W7 © 72 BUILERES, AR EIL Cillied > 7Nttt L 72,

2.3 HoEEyEPR
2.3.1 F=7EEFDTT

o EMMICEOT—FZEED MY, o EmICH LT
45° DA ETRIRICHIERHDIL /2. T ORICT— FITf3E
L7z > SR % kD, KRk 07— THEER 2 H
HU7Z.
F—THEER= (F—TINE L0 > S/

T — JREATEFE) X 100%

2.3.2 E-LEpPR

TEBIRID > ZHILEAH730.1~0.3 pm EIEHITH L,
DB EHHUMIKEETH D720, WEMHD > E 11T
BRFAD > X #18 pm BT L, TNEFEY > T &
L7z 7220 2 iR BB 2 W T, lem 1§00 -
EWEA90° HFMNIZ50mm/min OHE THEEL, E—)L
SR DRIE 21T 7z

2.4 T4IVAFN EMBBIRD > & DELS AT A2
IR TI O —=LZHNTY > I BEY R
EERL, EEMANE T EME STEM  HAEZF# !
JEM-ARM200F) Z fWT, 7 1 )b L FEM & EEMD -
ERHOHEDS X UVSEIFEFOILHIREZ B L 7.

2.5 PAABOTY & AT A

X BT HINEE XPS 7Ny 7 -7 71§
VersaProbe 1) & W T, &R HEICH T HPd DIL2EHE
AARREZP 3ds,, DE— 27 ) 5 L 7=,

2.6 MEBIRWHoOXOREARTA
BULVEIHIC R AT DN AOFE L OEEZ T 57
W, FIRIREE T X 9 HH(TDS ;& 7R 8 :WAL1000S/W)
i 2 By > TN, LCP I BRI - & 275
7214, FriE O B MEB AR > & I 2 20% hiHE T HEE L
7. T D%, LCP & 7 )V UIRIIC TR L, KikB LT
HLfgte, 2 IV E U REREYOEEZRNT D72
W, BZERTL0°CITEL L, HESRER L 721, 30°C/min @
FEHE T30 CETMRL, HET D HAZERL 2.

2.7 MBBIRY O E DR S ke BRI

EMILEE i1 D IEB AR RO © & O Rk R T 5 /-
W, o> TRMZETFHEBSHGELE Y (EBSD ;Oxford
Instruments # :Symmetry), ® > ZWiE 2 E R 1 A+ >
E— AL EEA A 2 BHMEE (FIB-SIM: HASR 7 :
JIB-4000PLUS) IZ X D 3¥ii L 7=,

1. Surface 2. Surface positive 3. Surface negative
modification |—»| charge —»| charge
45°C, 5min. 50°C, 5min. 25°C, 1min.

6. Electroless
Cu plating

4. Pd catalyzation 5. Acceleration

40°C, 3min. 25°C, 3min. 45°C, 5min.

Fig.2 Electroless copper plating process.



BLIC XD LCP NDIEE MWD > WML D BERE A 1 = X L fFEH

2.8 HHRHARFv—EER

&L ANT, 3 SIVRETRETAZRES
o, MEMHO > SR ERBIKEEZTF +—2 L7
BRI Y > TV, WIS F & > Ay o, BIRIRIZ10%
TR 2 W, B 2 % ImA/cm® THY — Rt
L7z KRFEF v — D%, BRI KO T — 7 R
L0 EEEE MM L7z,

3. RABLUEE

3.1 NPT ICKBEY YR

LCP IZ B > &%, N, SFHK M THERE T
30 BV 217 o =8 > TV O T — TR B S  E
Fig. 3, ffik DY > FIVICEMID > &L T, E—)
SR A E U 2R R 2 g 4 IR T BRI > =%
WWERICRFF U728 > TIVI B MRIND > SWIRNES)
IZHIEE L 7223, 50°CEL L OBULHIC X D &E& A M R L
150 CLL EOBIRZ1TS &7 — THBEII /2 < /2o 7= F
=T — JHEEL 29 > TV, HEE L 2SRRI o APd A

100 —
. - 100%(RT. 24hrs)
£ 807 - 80%
% 60
2 40 }
[0}
8
qg_ 20 o
/" (o]
|_ 0 1
0 50 100 150 200 250
Temperature(C)
Fig.3 Tape peel test results.
12.0
€100 |
2
Zz 8.0
=
& 6.0
C
g
£ 4.0 |
$ 20
0.0 e L

0 50 100 150 200 250 300
Temperature( C)

Fig.4 Annealing temperature dependence of peel strength.

Dark-field image
Fig.5 Cross-sectional STEM image of Cu-LCP.

Bright-field image

.

23

MELTWD ZENXPSIZL DR IN, Pd ELCP @
AR TCHEEL 722 Enbho /-,

S 5IT150°CLL ETOBMMETIE, JE RAITHES T
Y — )V E SR L, 200°C LA L0 BALEE 247 5 &, 8
E— RIZLCP OMBIE Lo/, 2D MBS, BN
I BB R R AEVE D B 0, 150°CHIRIC 2SN B %
ZENbMho .

BEIE R 22, RUA 2 REDIZBWT, 7L AU &
HMEREEICEEA 4 > 2 s S5 &, Bk BES
KBWTRBEA AV RBELAR ZWE 1 & LizeES /KL
TR EIN, -/ AT =V DT > =R L D EER
JEE B RE SN TWSYY, 2o, #l%7K3% L 2Pl %
ET 2 EPTNERZ LT 2V 2 &b A5 TN D
7=, MR E I U 7=, AR > )L % 280°C TRUL
P /=%, STEM Bl %17 > 7= ks J 2 Fig.5 1T/ 7. 4[]
OY > T TN BEST ) 27— TOERED
EHIIRER SN T, MEMIAD > EHOBUMIC LS T,
PARE TOEEGRENBILL 2D EEZ, LITD
WAL 21T o 7=

3.2 WHAE oPdBIEY & Ry

3.1 X D 150°C A D BULET BT 5 FIEE T B & Fm
THRALTNWD ZENS, BN K > TREMID > &
DOHT i TdH 5Pd ELCP R EREH & DS IRENE
fELTWwWa Z EnFEn.

B > ZEATOPd &, BEMD > THICHR
THREF L 7= > 7L OPd DALZEKE & IRBE ZXPS Tor bt
L 7= 45 Fig6 12177

180
160 |
140 |
120 |

£ 100 |
80
60
40
20 -

0 L

338 337 336 335 334 333 332

Binding energy ( eV )
Fig.6 XPS spectrum of Pd 3d;,.

Before plating
334.7eV

After plating
335.3eV
(Pd metal)

Dark-field image

Bright-field image



RIEMI Vol42

B D > EEATOPAIIE T RIVF—IZ> T R L
TWaZEMS, NS BETE2MEEGIN, LCP RADE
B EEAZBERL TVWD EEZ NS, —TF, EEMINR
o FEBOPAIIEBIREBICHET AT F—%
ARUTHD,LCP KA BERER & O AIIERTERN >
e ANk Z &, BB > EHTOPd IILCP &
BHLTWDN, BEMHD > & 217> /2% TidPd &ELCP
DIEEMEDN TS EHEHEIND, ZORKE LT, K
BRSO > ENHFITHEAET DKEDEENE Z 5N,
W o E T EBIEIE RO I ERRAE TR FEF T4
W9 272D, KERFIEHICADADEEZ SN S
V22T, RIVATIVTE R (HCHO) 2@kl & 3 %
BRI > Z ORI Z XA ITRT.

<ERIG>
Cu2*+2HCHO+40H — Cu®+2HCOO+H, T +2H,0

<CuliErc/iE>
Cu2+42e” = Cu°

<ETRIOBILRIE>
2HCHO+40H" — 2HCOO+H, T 42H,0+e"
H- = H'+e

(1)
(2

(3)
(4

<BIRIG>

2HCHO+0H" — HCOO +CH,0H
2Cu?*+HCHO+50H" — Cu,0+HCOO0 +3H,0
Cu,0+2HCHO+20H" = 2Cup+H, T +2HCOO +H,0
Cu,0+H,0 = Cu®+Cu?++20H"
Cu,0+1/20,+2H,0 — 2Cu?*+40H-

(5)
(6)
(7)
(8)
9

IKERFETRAEE L TERBEHEIET 5720,
DIFEFIRKFED D > SWFITHD > SPIEANZ LB L, IE
IR - EJE/LCP G A MICHEET S5Pd SHTLEIC
£ o TLCP £ I N ERREDH G Z UL Ty
5 Z ENHERIES N

4.0

3.3 HURETICHIF B FIFS

IS s D o EENDKFEDEFIEICDNWT, Tk
K258 (TDS) & W THAE %217 - i R %=Fig.7 IR
9. 140 ~150°C TR I /= H Rk, —BEIbp s,
bR, T U TKFETH oz K —BILRE BLR%E
H AV Y — 7 RN 140 ~142°CT—HT 5 2 &m
5, LCP OAEMRIEAINEIC & - TK, —BB bk,
LRFBICADRLIZEDEEZBND. FD—JT,kHE
13145CICE— 27 MH 0, D H A LIZE— 7R ENE
5780 En 5, LCP OEMIRIE R Tlda <, oo 4k
JEr S BN THIEEL 72 &5 2 5 5. DL S, ImER
Fd - EEICIIKENEENTE D, 145°CLL Lo nE
Lo TRENEEIND Z Enbno iz,

3.4 HREYE CHEETASAHOMELE

FIRIZBNTHKEOILEIIEIT L, BIFIC K > THE
RSO > EWIREMN S O/KEDONEEZELC S EEZA BN D
720, WiRERTOT— T — )L HERREZ A L 7=

HEBIRIAD > Z 217> 7LCP I L T, —ERFEIC
O —TZED T TEIEHN L ZITW, D> SHIR
DOHEEA I ZER L R 2Fig8 ITRT.

MEB MO - T8 1 M E TIEEHD > ST IEH
L, HEEOLCP NEH L TWBA, 1 o H R PR 8
W EWENHEEE TICHRE T 2HBANAE A0, 5
IZ 1 EEZ TR - WIRISHBEEL 7o 722 &S, &
RERFICE > T EWED BB LN EL TNWD T &
INHERR I N7z, AMFEIC K 0, TR - ST L
FokED S EHEEMEREL TWEEZ N5,

H,O
35 L H>0,CO, CO, 140~142°C H,
3.0 —COo
< 25 ——CO0,
P Hy 145°C
= 2.0
X
> 1.5
2
s 1.0
€
= 05 ]
0.0 1 1 . ) . 1 ) ) 1
50 75 100 125 150 175 200 225 250 275 300 325 350
Temperature ( °C )
Fig.7 TDS measurement results of electroless copper plating film.
24hours 48hours 72hours  96hours 1week 1month  4months 1lyear

e e

Fig.8 Appearance of samples after peel test aged at room temperature.

24



ER UL

3.5 BpimpoEanEyPRT LAML

3.1 Tl IEE M0 > 1RITI50CLL LD B
Ko THEBEMNE LTS Z EAVHEIL - (Fig3). L L,
150°CALIE DR RHZ B > = & i & BHE DK
U, ARSI EB MR > 21£12200°CLL RO ZL
HARE LIRS (Figd). B0 > SR B RIS TK
RNFAET B0, KEDIHIARICEHL, TDOATZ
ALEERLT-.

Fig9 IC B D > SRICAUE 2T =8> T
@E%D%Eﬁ%ﬂﬁ?yf%i@%ﬁﬁM@%%?.
EBSD < v TH O EWEIIZ D W T, KL AT, Kb
DB X ORENNE T D o 287, 5 WITmsh
IAERL DI CTH B B 2 6N D, BRI > ZHE%
iﬁﬁmﬁ%h@%uéht#ﬁ%ﬁ o THfkic
E B2 FERRI DR RN S N, 250°C QYL TIAS
%ﬁ@%ﬁ KB AR DR IR S Nz

k’“%m®o%h@m$%¢%ﬂ%ﬁbtﬁﬁ%
Do EY L TINICKFEETF v—2 L, 57— 7 HiER B
1o 7R %2Fig 10 1R T, MEMH D > ZEE DT >
TG, B SRR 7 7 L SRR FEAEL, T—
Y — VBT 2R AHIEEL /2. 150°CTEMILE L 729 > )L
1330 DK EF ¥ — P TESMICT 7 LISFEAEL,
277 LEIZBNWTT— THEEL /2. 250°C TRYLIE L 7=
B TINE L RERIOKETF v —2IZBNTH T — 7 HEf
Liaho iz,

W o FRFITHEET B /K BTG SRR 3 & O Sk it

Unigue Grain Map

SIM image
1.0pm

(a)

()

12& % LCP NDMERID > THIEDFEE A N1 = X L RN

WChTy 73N, THICEREOKEND > S EAPICHAT
LESARAERTAEBMOEBZEML DT F /R1 R
ROEILERO. T UNRETDZENRESIN TN
2 DI BT P B B RN B W Tk 3R & R T
OHEERMNNE S, fiie 77 LBBEZITHRET L EE Z

S5N5. BT X > THRE BRI 2 KT 5 2 & T, 7kHE
FAEEMED BRSO > ERITH T I L OFREEZMH TE
AN SN D EHE S N .

4.% %

LCP N EEMND > SUIIZBNWT, TMEMD > =
B DEFEMENRIAN, > SRR T 2 KEN
BRSO > SR 2 FZR L, fid > & ELCP O#ES
REIC TR TH 2Pd ELCP L OFEEEHELEZZ &
IERT 2 MRS N2 ZHICH LT, BEMRD > 2%
IZ150°CLA L DIMNEALIE 21T 5 Z & T - SN 57K
FOGIBE L, 8D o & ELCP #5044 i Tl T
»HPd ELCP RHBEREEIEHAS L, BEENH ET 5
ZEnbnholz.

F£7/-FCCL % {§i il L 7=FPC D& T-[813& T i 5 0D 76 MR
B FXBNT, MR TRENTEAEL, BAEEIME TS
5 ENTHEINDA200°CLL L THET 2 & MmE MmN
B > EYREDHE AL E B A AL T 2 70, 5
AN O7K B IG & N, BRI N D 2 &
ks ns.

1.0pm

Fig.9 Unique grain maps and cross-sectional SIM images of annealed Cu-LCP: (a) As plating; peel strength ON/cm,
(b) 150°C ,30min annealed; 5.4N/cm, (¢) 250°C, 30min annealed; 6.5N/cm.

(a)
Fig.10 Appearance of samples after hydrogen charging test.
(a) As plating, (b) 150°C, 30min annealed, (¢c) 250°C, 30min annealed.

(b)
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Development of Current Collector Materials for Si-Based Anode (Investigation of Embrittlement

Behavior and Countermeasures Related to Fe-Ni Alloy)
Yuma Yosuazaxi, Shinichiro Hore, Daisuke MarsusHIGE,

Yuta Ikeucu, Hiroshi Sexon, Takashi Mukar

Synopsis :

In recent years, the electrification of automobiles has been progressing worldwide, and
there is an urgent need to improve the performance of rechargeable batteries. However,
when high-capacity active materials such as Si-based materials are used, the volume
change accompanying charging and discharging is large, and conventional copper foil
has caused problems such as the breaking and wrinkling of the current collector.
Therefore, we focused on an Fe-Ni alloy foil obtained by the electrolytic method to
make the current collector thinner and stronger. By adjusting the composition of Fe and
Ni and adding Mn, we found that the foil could be used as a current collector for Si-based

negative electrodes even when made thin.

Key Words

¢ lithium ion battery ; current collector of Si-based anode ; Fe-Ni alloy ; electrolytic deposition

process ; suppression heat embrittlement ; thin foil
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Fig.1 Appearance of copper foil (10 #£m) current collector

after charge-discharge in a half cell made of 100%SiO and
lithium metal.
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Fig.3 Appearance of (A) Nickel foil (4 xm) and (B) Fe-Ni
alloy foil (4 pm) current collector after charge-discharge in a

half cell made of 100%SiO and lithium metal.

(B)

ment for 1 hour at (A) 300°C and (B) 600°C.

(B)
mmm TS [MPa] =@= EL [%]

__ 2000
5 —
o 95 &
S 1600 D
] o
= 20 &
5 1200 8
§ 15 B
4 800 L0 ,E
[} * +
i 58
B 400 05 &
1) 2
& 0.0 M

RT 300°C 4h  450°C 4h

Fig.5 Results of tensile test of (A) Copper foil and (B) Fe-80%Ni alloy foil.
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Fig.6 Energy Dispersive X-ray Spectroscopy (EDS) analysis result of Fe-60%Ni alloy foil after heat treatment for 1 hour at 600°C .

Table 1T Amount of Mn contained in Fe-Ni alloy foil when MnCl, was added to the plating solution.

Sample Amount of MnCl, added | Amount of Mn contained in foil
[g/L] [wt.ppm]

Fe—80%Ni 20 90

Fe—70%Ni 20 440

Fe—60%Ni 3 67

Fe—-60%Ni 20 390
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Fig.7 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-60%Ni alloy foil (6 xm) .

(A) Current collector after test, (B) Cycling performance.
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Fig.8 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-60%Ni alloy foil (6 xm) with

20g/L of MnCl, added. (A) Current collector after test, (B) Cycling performance.
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Fig.9 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-80%Ni alloy foil (6 «m) .
(A) Current collector after test, (B) Cycling performance.
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Fig.10 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal on Fe-80%Ni alloy foil (6 xm) with

20g/L of MnCl, added. (A) Current collector after test, (B) Cycling performance.
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Fig.11 Results of tensile test of Fe-Ni alloy.

30kV x10,000 Crystallite size:89nm

Fig.12 Cross-sectional view of Fe-80%Ni alloy after heat
treatment for 12 hours at 300°C .
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Fig.13 Cross-sectional view of Fe-60%Ni alloy after heat
treatment for 12 hours at 300°C .
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Table 2 Charge-discharge results obtained from a half-cells made of 100%SiO and lithium-metal.

Amount of | Amount of Mn . SOC0-100% SOC20-70%
.. . ..|Thickness - :
No. [ Sample |MnCl, added|contained in foil Tim] Cycling |Current collector| Cycling |Current collector
[g/L] [wt.ppm] performance after test performance after test
1 | Fe—80%Ni 0 0 6 X X - -
2 | Fe—80%Ni 20 90 6 X X A X
3 | Fe-T0%Ni 0 0 6 s - @) X
4 | Fe-70%Ni 20 440 6 A A = —
5 [ Fe-T0%Ni 20 440 4 = = @) X
6 | Fe—60%Ni 0 0 6 A A @) @)
7 | Fe—60%Ni 0 0 4 - - O X
8 | Fe—60%Ni 20 390 6 O @) O O
9 [ Fe-60%Ni 20 390 4 VAN X O @)
10 | Fel00 0 0 6 X X @ A
1000
2800
2
B 600
$
[
E
S 400
Z
200
0
Amount of
MnCl, added ‘ 0g/L 3g/L 20g/L
Mn content in foil Owt.ppm 67wt.ppm 390wt.ppm
Fig.14 Results of MIT folding endurance test of Fe-60%Ni alloy before heat treatment.
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Productivity Improvement by Reducing Heat Scratches in Cold Tandem Rolling
Junya Tovama, Kazuhiro Saexi, Tsuyoshi Ire

Synopsis :

Heat scratches that occur in cold tandem rolling not only severely damage steel strip

appearance, but also significantly reduce cold rolling process productivity. No. 2 cold

tandem rolling mill (No. 2TM) in Kudamatsu plant is composed of five cold rolling mills

with a maximum rolling speed of 2137mpm, using a base palm oil and an additive as

rolling lubricants. In recent years, steel strips for can materials have become increasingly

harder and thinner, and improving productivity by reducing the heat scratches is a major

task for rolling engineers. In this study, the authors conducted two types of actual rolling

tests for improving the No. 2TM productivity, and obtained the following two findings:

® THeat scratches can be suppressed without lowering productivity by changing the

additive, which is used for the base oil, from the type using a flocculating agent to

make thicker oil film, to the type using an extreme pressure agent to reinforce the oil

film in the roll bites.

® Calculations of strip temperatures and oil film thickness equivalents for each stand
reveal that #3STD and #5STD are disadvantageous for heat scratches. Reducing
heat scratches in #3STD and #5STD require considerations of an optimal reduction

distribution.
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Table 1 Test condition for lubricant tester.
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Table 2 Specification of rolling material.

5 i Reduction ; Number of
Steel grade Hot coil gauge  Finish gauge . Width .
ratio coils
Medium carbon
1.8mm 0.2mm 88.9% 950mm 10
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Table 4 Specification of rolling material.
’ - Reduction . Number of
Steel grade Hot coil gauge  Finish gauge . Width .
ratio coils
Medium carbon
1.8mm 0.183mm 89.8% 885mm 5

steel
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Development of Screening Kit for SF3B1 Gene Mutations Related to Myelodysplastic Syndromes

Emi Takamirsu, Junichi Mormiro, Mitsuyoshi Ounpa

Synopsis :

Key Words

1. XC®IC

Myelodysplastic syndromes (MDS) are refractory hematopoietic tumors caused by
clonal abnormalities of hematopoietic cells, and the number of patients is increasing in
Japan as the population ages. Many of the causative genetic abnormalities have been
identified. According to the revised 4th edition of the WHO classification, presence of
SF3B1 mutations is one of the diagnostic criteria for MDS. However, in Japan, there are
only a limited number of laboratories that can test for SF8BI mutations. Therefore, we
developed a kit that can simultaneously test for multiple SF3B1 mutations associated
with MDS.

SF3B1 mutation sites were amplified with fluoresce-labeled primers by multiplex PCR.
The PCR products were hybridized to DNA chips bonded with specific probes for these
wild or mutated sequences in the presence of oligonucleotide blockers. After washing to
remove unhybridized products, the fluorescence intensity of each probe was detected.
Index defined as fluorescence intensity ratio [mutant probe intensity / (wild probe
intensity + mutant probe intensity) ] were used to analyze these mutations.

By optimizing the probe sequence and hybridization conditions, and by suppressing
nonspecific hybridization reactions with oligonucleotide blockers, a detection sensitivity
of 5% was achieved for all SF3BI mutations to be analyzed. In addition, analysis of MDS
patient samples showed that the results of this product were consistent with those of the
existing method, direct sequencing. Thus, our microarray-based assay kit is useful for
identifying SF3BI mutations in patients with suspected MDS.

: myelodysplastic syndromes (MDS) ; SF3B1 mutation; DNA chip analysis

TN EAN OIS & E BRI LR DB T REDZ <
MBS N E 72> T&E Y, WHO 4 HHekET 554 i 12 T

B B 5% Bk E % B (myelodysplastic syndromes,
MDS) i, i& I D 7 0 — MR X > THRIET 5%
BUTH 0, iR 4 & 2Nk R R A O AT 2 R
LT3 B, SRR RAREREDN, ERNFEAE
I <MEEEZWIE E D MKMEREORE 2 Z oI
WiIN5EEHH 5. AFTIEEELICHEW BE R
ML TW3EYESNZHAREOEMEERETH 5.

MDS O EZEICIL, BHMEICL > TEBifiIc s
Tl FLIE bk D T RE FH B K OV B e o Jeta ke TR A
R ZRET DI ENMRETH DY, TEORHEENERL

MDS D #Z WL HEICSF3BI B TARNED AN S 7z
M, THUTHEEWHO M55 i ClE 5 T 5% TER
INBMDS EFRERE TEFR I N DHMDS ITHEIMN X 5
SN, BETERESREEZEEDT S EH S U THEENS
ML TWD, &I, BBIREFERZ L S5MDS 12D T
IEWHO 73 F8555 MUZ TIRREF R K U © SF3BI1 #E1A
FAREOMEENIORFASIND Z & &8> 7z SF3BI
BRTAERL, OR700 ITB T BERTHHK700E O
HENERDEL<, A R2700 Oftl, ZROKRY ARy b

* 1 HABFZEIT BREALELANIITCE 51 701 T2 AFM 7 — T BIETRBWET— LA F— LU =4 —

* 2 FEMER S A T RAEETIN—T

* 3 FANBFFEAT BRLEAN RN 51 71 T2 A 7N —F TV —T ) =5 —
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L L TIOR666,662, 622 KU625 MEINTND
810 % 2 MDS 12 £ 5 & 1 D 15 9% 3% T & S luspatercept
(202441 HA&FR) 13SFSBI #16 TA R % fF DO BRIR gk 3F
BZfE5MDS (MDS-RS) Tl AN mnhEahn s,
U U7y 6, ARHR TIIARE HY ] HE 72 i iR 13 7R i D 3E o
T2 R 72 RS e 7s EICIR 51, SF3B1 Ein AR D
HREIZHICEERFERTHIICHEOL T, k22
FonTHuERWT —ZANENETEENS, 22T, fix
DEETHY—> U 2DNA Fv THTP 2L,
MDS (2B U /= 5 i D SF3B1 & in T AR O H %
FRFR AN PIEZRF v b (BLF, A4 ZBTE L 72, A5
TIRFEKHBREDD O T O— TN T F A1 X4
oML, 70y h—IC X2 EBERHNT TUTA X
B DI DR EHE R, BEEIE & DR E S DA M
DYEREIC DN TCEIRT 5.

2.1 #M¥E

JO—7, 754X —, Jay - L THWEAY
d X 7 L % F RDNA lZThermo Fisher Scientific #:
MOBALK. 74~ —D#HHAREFKITIZIC5-OSu
(N-Ethyl-N"-[5- (N”-succinimidyloxycarbonyl)
pentyl]-3,3,3,3"-tetramethyl-2,2"-indodicarbocyanine
iodide, #kXEAERMCALFERIZERT) & W 7z, i A RAS I
k% 7 LDNA dBiochain #1:22 & i A U 7z. PCR 7 3
13FastStart Tag DNA 7R J X 5 —+, dNTPack (Sigma-
Aldrich 1) 2 i/, +1U I X 7 L 7+ F RDNA O il fig
BE (Tm) 5HEITIZIDT 0 i ik 3 5 OligoAnalyzer

Table 1 Detection target mutations in SF3B1 gene.

Target mutation  Target sequence

(https://sg.idtdna.com/calc/analyzer) % Fi 1 7=. DNA
F o OB FERRHR Y ICRRENEEBD &L

2.2 PCRFJ>

SF3B1 BT Dt S (L7 214 BXUT
27) >15) % 2plex PCR 1T & O [A] K5 #0E L 7=. DNA
O—7ENA TUYA XT DD T 541 —D5 Kiiiz
TOHCOETHEH TS Z EITXVDNA 70— TN\
T EA XT BIEEEEY DS A 2 83 TR L /-

PCR Ji395°CTH 77 M, Bk & 15 (L%, 95°C T30
7, 60°C T30, 72°CTI0 BZE40 B 7 ILEVIRL 7=
TD®%, 72°CTI0 R ESIH, 4CTHEL /2. PCR
12 I3 Applied Biosystems Veriti b — < )L ¥ o 7 5 —
(Thermo Fisher Scientific #) 2 f 7z,

2.3 NATVFAXFREFRROK:

PCR RGO FGR & 7 0w 1—= 1Y dDNA Z iR
L 722.25 XSSC, 0.225%SDS # &8\ 7 U &1 XiE ik
WEE21 TRAL NS TVIAL AT T ELE.

NA TUFA XY > T )V TDNA F v F%495CT
30 pRIMEL, MIEEME TO—T 2N TUF1 XL
72.0.1 XSSC, 0.1 %SDS IR THiF LR KIS DY > 7
V2 BRE%, 1 XSSCIAERHFIZTDNA Fv 7 D& X
Ny howHmEERE L 2 Uik E640nm). No
TUF A XIS KO8 B SR T AT 2 1
BIOSHOT HT-32 GRS AH) 2z,

2.4 %

W 12 TR AT 3 BBIOSHOT HT-32 23 i L 72 & &
Ay b O#EATREDN S HEM (Index =2 HAMRH 7
O— JayeskE/ HAERMRE Yo — 7 A RARH T

p.E622D €.1866G>C O— 70O 28U 7z MEREOHE @ T 0% E L
p-E622D ¢.1806G>T Ay N A TN OB A, BREHEEHE L Ay b
p.R625C c.1873C>T ] o )
p.R625H .1874G>A F 7 EIZ5% DERNGEAET HDREZB L AL RETIV
p-R625L c.1874G>T MIRDHEMBDONT DEEZEL, ZEL .
p.H662Q €.1986C>G
p.K666E ¢.1996A>G
p.K666Q c.1996A>C 3. B
p.K666T ¢.1997A>C
p.K666R c.1997A>G 3.1 PEFEFRROBET Y
p.K666M c.1997A>T s . -
0.K666N . 1998G>C W TARERT —& X—2 (COSMIC) IZ TSF3BI
p.K666N .1998G>T BETFEREZRN. 75 X— 2 EOFEELE SR
A0z R dilads 115405 22 TEIC A C DR R R AE 2 e L T
(Table 1).
Table 2 Primer sequences.
: : ) oy Tm Fluorescent Product
Target Primer Primer sequence (5’-3’) °C) label <Tz&[bp)
Fw  GTCTGGCTACTATGATCTCTACCA 55.0 -
Exon 14 240
Rv  TTCTAAGATGTGGCAAGATGGCA 56.6 [e]
Fw TGGGGCATAGTTAAAACCTGTGT 56.6 IC5
Exon 15 321
Rv  AGAGGAATAAGATACCCAATAGCCT 54.9 -
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B 1 2L Y BRE (B R IC B U 7z SF3BI1 Min FARBEF v b OB%E

SF3B1 B TEAIMN S BTN RERN G END T Y
VABIUPLIYY 15 HEBEHIET S T 91 —%
FTNTNERET L7z BIEICH W/ 751 < —%Table 2
IR U 7z, SOt RE S RO 7 o1 v — Rt &
9:1 & L723EFRPCRICT 241 5 2 FHIE 2 [Fl R alE U /=
WIREY 2 BR[IKB L2 25, BIEYZERT B &
<2 fHEkENT AL HEIETHETH D 2 & Z2MER L
7= (Fig.1).

3.2 JO-TJOFHF
ETORPIRER I TRBICNA 7 YA XK

SF3SB1i# a7 OB AR B L UL RAE SN S TNZEND
MM TO—72&3 L7z 7 Oo—Jhid%ZTable 312
RUZ. ZNBZEDNAF v 7 EICARY b LU, flH AR
I3k 7 ADNA B X UK700E £ 5 243 5MDS
BEHNRT / LDNA 2 L7z. DNA Fv T LA 7
N, B 5§ 2 Fig.2 ISR Uz, W % ARy b TRE
IR EERE R L 7z

Table 3 Probe sequences.

3 )
BRI ST 5720, Tm (O) AE &7 5 & 5 B2 _rrose _Probeseduence 52 m (o
B X OERBMEZRET D007 0—T 2% L7, E622D (G>T) ACATGGATGATTATGTCCG 49.4
E622D (G>C) TAACATGGATGACTATGTCCG 51.7
R625-W AGTATGTCCGTAACACAACAG 52.2
(bp) R625C TGAGTATGTCTGTAACACAAC 49.8
495 4 R625H GTATGTCCATAACACAACAGC 51.5
331 < R625L ATGTCCTTAACACAACAGCT 51.8
242 H662-W AGCGAGACACACTGGTA 52.7
190 - H662Q AGCGAGACAGACTGG 50.5
147 J K666-W ACACTGGTATTAAGATTGTACA 49.0
110 - K666E ACTGGTATTGAGATTGTAC 46.2
K666Q ACTGGTATTCAGATTGTAC 46.2
K666T ACTGGTATTACGATTGTACAA 48.9
67 4 K666R ACACTGGTATTAGGATTGT 47.7
K666M ACTGGTATTATGATTGTACAA 46.5
34 K666N (G>C) CTGGTATTAACATTGTACAACA 48.4
K666N (G>T) ACACTGGTATTAATATTGTACAA 47.5
Fig.1 PCR amplification of SF8B1 gene exonl4 and exonlb5. K700-W IAACTTTCTGCTGCTCAT 49.7
Left lane; molecular size marker, Middle lane; water K700E IAACTTCCTGCTGCTCAT 52.0
(negative control) , Right lane; genome DNA.
A) ® ® No. Probe No. Probe
OOOR®®O® 1 R625-W 1 K666N (G>C)
010100191000} IS
OOOVOOOOO| , R625L 14 H662Q
@@@@@@ 5 K666-W 15 K700-W
DOB®| K666E 16 K700E
OO\ ; K666Q 17 E622-W
® ®| s K666T 18 E622D (G>T)
9 K666R 19 E622D (G>C)
K666M P Position control

10
| .

Fig.2 SF3BI chip analysis.

A) Spotting layout of SF8BI chip. B) Scanning image of SF3BI chip after hybridization. Left panel;
Wildtype genome DNA sample from healthy donor. Right panel; K700E mutation genome DNA sample

from a patient affected with MDS.
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3.3 FA-TWFICEENBSNPORE

F—F RX—Z LOBLETEINI L ZE 5D 5 RENR
LA Tad 0, ZDWAEEINIIMEANEDLD D GEIZ TS
B) ZEMBHIONTWS, B TEEIC K 2 ARSI O
EWICED TO—TORKISEITZRE N AU, BB ERS
RICHETLURENENH S, = 2T, —HHLH (Single
Nucleotide Polymorphism, SNP), 1 ~ %k 3 o &,
BA/RE RIEEOBEREEN LT —F X=X
(dbSNP ;https://www.ncbinlmnih.gov/snp/) 12 T~
FTAX— KT O—TERAMHEICHFEET 2 BB T2 %E
FAEL7=E A, KT00E ZREICSNP (rs16865307,
COA, HANEF DOHHFEIZRI0.3%) D80 517z,

SNP OEEZHRRD 0, Y%SNP B~ 1 F—7
LIVTHBIABLUTHEZH T2 ANTERLETEE-L
TO—=TENA TVYA ARG LT &5, FFERMBH
Jo—7, BRMEE O — T & HITHEEHRENKREL
A U7z (Fig3,B). AY v —7 L)L (CC) LISt DELF
TIEYFSNP A O —T EDI ARy FNE U7z
HEZEZLN. T T, 70— TDYESNP EHic1=
IN—TIERE L THIONDTAF 1 /2 2 BHAA
& (Fig.3,A), S A v FOfRHEE RS-, T DIER, T
FFA v EAMANE T O—T T RIBREEN
D 5N, MBI T eatmE x5z (Fig3, 0. &%
DI RD D 6 i B FEABE O WKT700E 285 T,
TO—TJHODSNP BT A F A ) aFEMATSZ
ETRANZED D HSNP D8 % FRE/RR 0O HEFR U T
MAJRE &> 7z,

A)
K700 wild probe (deoxyinosine-free)

K700E mutant probe (deoxyinosine-free)

K700 wild probe (deoxyinosine containing)

K700E mutant probe (deoxyinosine containing)

=
[N]

H
|

0.8

0.6

0.4

0.2

Stabilized fluorescence intensity

0 o

CcC A

C)

3.4 JOvH—DEE

N TIVFA ZRIMCBWT, BREIEVRATIZ
5 A= R B H1 R O SETEREYI S K ERGr 2 G D D 7o, Bp A
T Sk D YEE RE W 3 AR EAAR T 0 — T A FERF RAYITN
ATV A X LERBREZHT 5560 H 5. C 2T, N
ATV A AR T Oy 1 — (FFAETIE S & AT
724 ) X7 LA F RDNA) 20 U B4 Rl ) &
D2 AHE % JHRL & &, B A T ISR e D28 BRI 7 o —
TNOIRERINA T F A X2 5 Z & ThrHik
Eom LERs .

SF3B1 #14F T3, MDS Bl##E £ T4 RIFE622D &
R625L DX D ITIHFBICHERET 2 0 DNHMESIN TN D,
ek, TOw H— I3 REEEEY & DI ATy FIEE
MHYRIZ/E 5 X DI F L Tz M, E622D ER625L
DEDIWCEBICHEET AR EY -y NETHT 0Oy
A—=IZHEERLAED 2ENTRINE.

T T, RO A EEFRRICAERBESEDI AT Y
FHHENFREL S K DICEE22 ER625 DA R &5 —
Ty hELTENETNRICHF LizT Oy h—&,
HOBEEMERMTHN—FT2 T 0y h—%2&aL
(Fig.4, A), MEAEZ Fb#: U /2. E622D, R625L ZE L & &
W2, ZNTNOERDOBZESY —5 MU TRED %
THREL270y H—T, BAEMBRE To— 7, 28R
BT O—7&EbI27 0y H—EEIEWHE[IEN R
LEzb0oo#tmENKE <P L L (Figd, B, D).
—J, =D T HFDOLEREN & IN—F 2 KDHFL 7=
70w J1—Tld, E622D, R625L 28R &bz 70w h—

rs16865307  K700E
< <

C G AACTT T CTGCTGCT

C G AACTT C CTGCTGCT
I AACTT T CTGCTGCTCAT
I AACTT C CTGCTGCTCAT

I
[N]

.-»
|

0.8 —
0.6
0.4
0.2 H
0

CcC T

Stabilized fluorescence intensity

I

AA

Fig.3 Correlation between fluorescence intensity and rs16865307 genotype.
A) Probe sequences for K700E mutation. SNP (rs16865307) position is indicated. B) Deoxyinosine-
free probes at SNP position base. C) Deoxyinosine containing probes at SNP position base. Open bar
represents stabilized fluorescence intensity detected by wildtype probe,shaded bar represents
stabilized fluorescence intensity detected by mutant probe.Model samples were used which containing
(CC) or (TT) or (AA) at SNP position, and also 5% SF3B1 gene K700E mutant allele.
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SF3B1 wildtype sequence
Blocker for E622D mutation
Blocker for R625L mutation

AL’CE)

E622D

B U 7= SF3B1 E{n A RMAEF v b O

3.5 Ay hFT7EORL
ZIKnDODEW*ﬁtH@JE 1% 5%

R625L

< <
ATAACATGGATGA G TATGTCC GTAACACAACAG
CATGGATGA G TATGTCCG
A G TATGTCCGTAACACAACAG

Blocker for E622D and R625L mutation GGATGA G TATGTCC GTAA
: C)3 12
2
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] £
®-.. g o8 -0
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T S 06 .
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N...cope 2 o4
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S
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Fig.4 Relationship of fluorescence intensity and index to blocker sequences and concentrations.
A) E622D fluorescence intensity and index to blocker for E622D mutation, B) E622D fluorescence intensity
and index to blocker for E622D and R625L mutation, C) R625L fluorescence intensity and index to blocker
for R625L mutation, D) R625L fluorescence intensity and index to blocker for E622D and R625L mutation.
Open bar represents stabilized fluorescence intensity (FI) detected by wildtype probe, shaded bar represents
stabilized fluorescence intensity detected by mutant probe, filled circle represents index. Index were calculated

as follows: (FI of mutant prove) / (sum of Fls of both proves)

wild type and blocker oligonucleotides.

Table 4 Blocker sequences.

Target

Blocker sequence (5'-3')

Tm (°C)

E622-R625
H662-K666
K700

TGAGTATGTCCGTAACAC
CACACTGGTATTAAGATTG
AACTTTCTGCTGCT

48.4
45.3
43.5
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HE AT = R AEFig5 IR L /2, 25 Ok
Jen & HIE M O il R OREE R 2 2 FH L, W@ N
FVFEBE L TAROEREHET D200y b
TEEBRE U RE LRy b 7 E & B AR D
HEEONTYFIZEE LN &M S, BARM
K2 A S RHIE T D I & n < R OA BHE A A BE
EEZ5N5. MDS BEOEENM S SN/ A
DNA ZHWTHMEZERLZEZA RELET Y b
TELL DR EMENRE SN, 25 OB TIESF3BI &
R EHES N,

3.6 P& Lok

AIIEDOMDS BEMEZ A WA RIC L DL ROA E
HEDKRZE, BB TERBITETHLIT 1L
DR 0 ZFEORER Ll U7z, fE B &= Table 5 12
AU BEEBICREEZFEML 2T X TOMKTER
PRI N 2, B S NAERIIAN EEFET—
U7z LA EOKEED &, AFIBEFIE & IR A B
MARETCTH B T &R L /-,

4. %bHyYIC

MDS (2B LU /=SF3B1 Bia AR OHEZ Y E T 5
Fv hEBFE L SF3BI B FIZIZTZ Y > 15 @700
RLDIEA, T7 ) 14 ITHLET %620 ~666 f1DY X/
I B A BB BRNME SN T WD, A5 TIN5
& U722 DOEBE O FIRHENE, DNA F v JI2HE# L =&
ARAMH T O — T Ol E T 0y H—1T XD IERR
INA T U A XSO L D14 FEOE R TE
B O[ERFEEAT 2 Al HE & Uiz, £z, RO BT R a1
BEROD B IEAEBEOEWKT00E 48 2 TIHE AT
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each mutations.

Table 5 Correlation between SF3BI gene mutation analysis results
from our DNA chip and conventional assay.
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[e]

Our DNA chip

Sanger sequencing
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K666N (G>C) mutation
K666N (G>C) mutation

K700E mutation
K700E mutation
K700E mutation
K700E mutation
K666N (G>C) mutation
K666N (G>C) mutation
K700E mutation
K700E mutation
K666T mutation
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