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Study on Surface Modification of Epoxy Resin by Sodium Pyrophosphate
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Abstract: A certain degree of surface treatment on the resin was very important before metallization in
order to solve the problem of metallization of resin surface. In this work, the MnO,-H,SO,-H,O-
Na,P,0,system was used as the surface modification system for epoxy resin substrate (EP). Effects of
the content of sodium pyrophosphate and surface modification time upon the surface morphology, sur-
face roughness, and adhesion strength of epoxy resin substrate were studied, by observing field emis-
sion scanning electron microscopy (SEM) , video optical contact angle measuring instrument, and the
90-degree stripping measurement. The results showed that the hydrophilicity, surface roughness and the
adhesion strength of EP substrate were increased by a wide margin after the surface modification. And
the reasonable modification condition was that the modification temperature was 60 °C, V0.1 Vipo =3
1, the sodium pyrophosphate content in the modification system was 30 g/L., and the modification time

was 20 minutes. In addition, the adhesion strength between the epoxy resin substrate and copper plating
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reached 7.35 N/cm. Therefore, the system of MnO,-H,SO,-H,0-Na,P,O, was a new environmentally

friendly system for EP surface modification.

Keywords: surface modification; epoxy resin; potassium permanganate; adhesion strength

P (EP) 2 —FhER-A PR REIIL R A BT 1
SORL, T RA L R AL RE i fe A PR BE R
PERE , EP #) VZ N T UG AR B AT 4R S5 2
G kAN I TR T B B R d e SR N
PR T A5 0 o R 8 AR T, O 2% Tl
U A T Bk A LR AR . EP R R AL, A
IAE—ERESE b ve g 7 L B 1 22 T 55 1 22 . 5
FELE N T A BT, I R 2R B P RE L 4
KT HR . oF EP i EH KM, Hkm
RERLAG e fih A 50K 5 (R EP R T HL A0 - HLRE
BUIN T AL 275822 5 EP Bt 22 [B] S REA [ ks
SEAE—& , N, 7EXF EP JE bt gE 47 3R AL~ B Z iy
WO HEAR I REA T — 2 A RITAR BE, 3K EP S 44 K 1
R A 2 RN SR T /K M, LA e 2 5 b ) ol
BEVE . W INR  AY RiTA BRI R R B B R ) 58
e Y AME BUENE SN DL KR JZ S i ]
MZEE 1

— BRI/ N R SR R T A AP EAR B .
R T anfe e Ak HUBOREL AT SRTa ko vk
SFINZ TR . Yan S5 BT RSB R R T A
PRI M EREAR ML 1T —FloRh 0 St R S5 8 1
PRI 5 25 B TR REDURR AR ZS &, X PR S g 2
PEATO B RE RE AR . RS TR A A B S A
W AR R AR PR RE o AR AR SR AL B
LR GE FHURE il A L, B 465 B SO il 99 TR) 2 1
W AR TR B LA (o 2 1T H e 23 A
SN SY A0 T 3 1A R W A Xk ST E 37 Y R

Liu & W52 & 0k 21 i 1R A P P02 IR S
Ak B B 2T A4k 3% 1 A Bl 2T 4B SR IR S5 b
BV S S PERERISZ IR o X IR FI AL RS B 4T 4
AL S 4R BT T RAL 451K, A S /Y
i £ 4 % 1T LU AR Ak B A i 2T 48 3% 1A TR B R A
JE , BRET AE XS ZE MK AT IR A 2 2 . AR 4A AL
A b AR 2 G P LR o fe £1 248 2 1 114 RELKE B2 A1 £k
Sp DA Al (0 2T A 55 PR AU IR =2 8] A AL AR B B 1
FHEG AT, 5 B — R AL B L HA A
Lit ™ BF il 1 — Fof i 2 B0 S5 i (BP)/Z Tt 1N i 43

(Cu(acac),) &AM B, 350 HFILF48 . it B4
T TR T 0 Sk A6 1 A SR g L I URE A R 5 5 5 42
B MR R 2R R R 1 R A B IR A G, Bl L
TG P4 D ) I, v 2 A B B A, 7E
50 °C FAL2ATTFRAR 15 min, 40% B 2, Tk A i i X5 3
A G BB AR B i . Baltazar W BFSE T A B
R K 4B 0 %t 2 S0 I 92 Y5l 1k B P 5 ), 3
A I e R R R AR 8 T X BRI R I L Pk RE L 3R
T RELRE 05 7K R R A AR IR P R
Wi, Zhai %" BF 58 T Nano-ALO, ¥ HI ) % 2R & A
JE 5 AR B 1 BRI, 45 SRR, 5 R BB
SRR AR EL , T8 50 B S 25 4 5 A5 AR RS 25 5
J& . Nano-ALO, s il 7l 55 5L W 55 19 25 1k ARG 45
5 JEE 1 8 0 2 DD 5% AR Kok 9 A AT A fin R
B W5 & E BRSE, wes BT SR . il 33 Nano-
ALO, T I e i) 2 S8R i 2 i ML G, L3
TET PR 23558 K o 76 PR R IE HIn A4 K Nano—
ALO, 43 800 1 wive i, R 3Pk g ik B /% K
Prolongo %8R F P A AN [6] A HLAL T2, WF 58 T K%
GERURE B X PR AR B SRR AR o KR RGN A2
il H T FTOR 42 45 2 1 52 T, 0 56 2700 el A0 % T
BEAE, 0™ A 5 R TR E

WA P AR R BRSO T 255 %
A 3% F MnO,-H,S0,-H,0-Na,P,0, {& £ V£ i 1
PR Z N EP M UE AT SR i oAb B R 5T T bR R
o Na,P,0, 7 5 AR )X EP 3644 28 1M BE A% 5%
Wi, A5 T A BRI EP AT 22 i ko AL B A1

1 £I§

1.1 FEXEHH

ARSI SR FH R EE Ay 1.0 mm B FRER E (EP) A
SR, S8 1 B EP RSN 25 mmx40 mm
PNNFE N
1.2 IREMIEE T4 E
1.2.1 FRif

FIFHBR MRS U EP 44 10 min, #55 HIZE1RK
B EP B-AF 3 U, i, LM — 25l 1 .



2022 47 H

LR R

44 5 7 (RS 352 ) - 15 .

1.2.2 i

60 °CH A5 14 T KBRS 1) EP FE AR AT
TR 2 i A 5 min, FHZE IR /K s R 1 5 19 EP
FEAF 2~3 U, M Hoi T4 .
1.2.3  BUEAbIE

%1 MnO,-H,SO,~H,0-Na,P,0, i 1 14 £ 1 il
JEHN 60 °C \Vyiso,: Vio =3 1, REIZIH 5 HY EP ZEAA A
AN TR R i 2 R 2 £ 1) PR AR &R b et A HEOR [R]
A fa]
1.2.4 70

W U A HEL S 19 EP FE A2 A PRI R, 50 °C
SR ORARBR S min, HFORLE A9 EP 644 F ZE 18K
e 2~3 UKL SR FE R LT
1.3 Mgk

K 37 % Sl L BE (SEMD) W 25 i Ak 3
J& EP B A4 1 SR AT 30 5 )57 01 0 U BE (AFM) Wl i
EP b 5 17 (04 REDRE B 5 90300 27 422 ik oy D0 2L (Al
[E Dataphysics 2~ 7] ) I 5 BP 44 ¢ 11 25 K PERE 5 F
T3t CHE I T A BR R ) W0 R 5

2 FHRMITIR

2.1 Na,P,0,ZEMHER EIXT EP E#f REF IR
Eap= A

SCECWFGE T SR R H Na,P,O, 15 5 Fl i e
[ % EP JE M RE S 20 . 25 R Kl 1 2 & 3
Fi7 o
2.1.1 MM FEH NaP,0,EEH 20 g/L B B4R
B3t EP B 5= EH 50 A 22 A

&1y ek k1A £ b Na,P,O, & 5l 20 g/L A A
PRI R EP B R EIE A (SEM) B, AE 1 7]
DL, BoPEmF ] A 10 min B, 3R AR BE B2 0 22 1A
A BRGNS B 4 FL B B ) F 15 min 3 K 3
25 min I, EP B 44 3¢ M 34 10 B/ i £L , BilE St
FF TR A 30, L Y R 1Y 22 B R A OR L TR
25 min BCPERT ] LA GE R 2 B AR IB RIS
T DL BRI B . RS Gl 1 R TR AR
T L HGCEAR F rh AE R A Y B i 3 R ME AR
FIE AR
2.1.2 MK FEF NaP,0, =430 g/L B BT
E] X EP E 4 5% T 72 35 1Y 22 i

P 2 A A & Na,P,0, 7 0 30 /L A )
PR EP 3EA Fe i SEM K . AE 2 T LIE

(a) LB (] 10 min T ——

(c) ﬁf’%ﬂﬂ'fﬁﬂ mn | (d Eﬁl'Eﬂ25 mn

1 MM R B NaP,O, EEH 20 g/L AR B MR E] T
EP EH R E SEM

Fig.1 The SEM images of EP substrates after surface

modification for different times with the sodium py-

rophosphate content of 20 g/L

P PR TE] 9 10 min 1 15 min B, EP b4 22 1 H 30
TR AL, 24 et B ] ZE K F1] 20 min B, FLARHE K
AL AR BEIE— 25 N, 2 TR i B 49 K, i RE 1Y)
FRMIEHA R T 4R 2 5 EP S Z R AL 45 5 24
PACE B ] — 2548 K3 25 min B, EP JE 44 2% 1 f0FL
() B 1 K TR AR /N B B BLE R LIRS X A
1) TETE AR T 48 952 5 EP FEM R 45 .
I, 24 ek PE R &R EP 3t b w2 M Ak P 20 min,
Na,P,0, & & [ 72 A 30 g/L I Al LA 3R A5 B A (4 i 1k
R
2.1.3 KK ZE D Na,P,0, 284 40 g/L B iR
B 3T EP B4 REF IR A M

&l 3 g o PE 4K £ 1 Na,P,0, & 1 40 g/L A7)
P PR B] R BP kA i SEM &, E AT LA
PR ZR P AR B IR B T 5 40 g/L I, EP SR K T
TR T AR R B EL o Bl SSCPE s fR] (9 34, EP
AL YL R B2 RN B Wb 23 m  (HFLAR R,
FLEEAR W, LR REALEZEN S . Yokt
25 min fif, EP b R IZIIE U LT K T454
FAR T SR 4501 J EP FA4 TGS 2 22 8] ARG 45 1
PRI, CPE AR 2R P AR B IR A 5 el i B, IR R 1 Ak
AE it i, 530 BP L A4 2% g ok B AR Ak, 2% T el vk



16+ Jul.2022

Plating and Finishing

Vol. 44 No. 7 Serial No. 352

(a)

(b) L‘H;'H‘J'[”J 15 in

(a) LCHER ] 10 min

(©

(¢) CCHE Ta]20 min (d)

2 MR ZREH Na,P,0, 82430 g/L AR MRS IE] T EP
EHMRESEME

Fig.2 The SEM images of EP substrates after surface

PR 25 nin .

modification for different times with the sodium py-

rophosphate content of 30 g/L.

Era s ofs

(b) &K

PEIFE] 15 min

(d) 2R [E]25 min

(¢) 2UMER )20 min

B3 MR P NaP,O, 2440 g/L A E R E T
EP & R HE SEM

Fig.3 The SEM images of EP substrates after surface

modification different times with the sodium pyro-

phosphate content 40 g/L

MORAR . B IR as AR, iR R
Na,P,0, & &4 30 g/L i, SR R B AL BE F7 i
A3, AT ASRAS BRAR ) e A B R

2.2 MK FE B Na PO, 2 EX EP EA R EERE
EH T

F BT 7 5 4E (AFM) I 5 ok ok 4 38 5 f
EP JL b4 3% DRHLRS B2, 73 B slcPE b BT 5 EP JE M 3%
T HURE 2 B ARk o &1 4 SRy ik A BE AT S ol A& 2
H1 Na,P,0, % 4 30 /L 0 AL B 4 20 min B, EP
b R0 ) AFM K]

&) 4 (a) g ok M b B T EP JE b4 22 171 19 AFM &,
P05 5 AR, oMb BRRT EP R b4 3 18 YK K
B B (R,) 1 J7 ARORLRE B2 (R, 43 51 4 2.05 nm Fil
37.5 nm, &l 4 (b) 2 B0 PE 1R & b £E B IR A 7
30 g/L Bk 6] 24 20 min B5F, EP 3444 3¢ i i AFM
K, BEi EP 3EAF 2 1Y R, AN R, 43K B i K AE, 43
9 52.4 nm F192.2 nm. EP JEbF % 1 i (MU A
FIF 4 8 98 2 0 UTRL, 3 = EP 34 5 4 JR )2 2 1R
ARG E5PE

(a) 0 g/L

4 BUMEAMERTR 30 g/L Na,P,0, B BUHE 4 & 42 20 min
& EP B+ R EAAKE E R AFM

Fig. 4 AFM images of the epoxy substrates before and af-

(b) 30 g/L

ter surface modification for 20 min at sodium pyro-

phosphate content of 30 g/L

23 B ZEF Na PO, S=3 EPEMERMEFEK
4 B 54 Ml

4 MnO,-H,S0,~-H,0-Na,P,0, it M {4 £ £ i
R AN & 4054 20 /L .30 g/L .40 g/L i, 4558 T EP
FHEbA 2 1h1 42 o #f IE A  s) ) 1) 2 A A, 25 SR an A
SHI7R . 78 EP KA Motk Ab #35 F2 rpr | e b # A [
DL R SO A4 2R rh R Wl R A B 1 B 6T EP A4 2 1T 1)
et A B 2w . NE STTLVE 2l ek
PEALPR S , BP S A4 2 1 25 K M 345 BN [R) 2 52 1) 4
W, AU FE R EP AT F 10 5K 22 18] A4 2 fh
AR 94.6°, F M I KM, LA S EP
FERFF MRS . FE PR R R R AN A
AR TRV, EP A4 2% 1 122 ik A it 7 o502 ) ) g 34 o 22
PRSI/ N SR B S e E] 2 20 min, £zl
FAEE /)N EP SE 44 26 1 1) S5 K PE it o 76 AH [)



2022 47 H

LR R

A4 B TIOR3 ) - 17 -

FORSCPE S 1], BP B b4 3% 1042 fil A Bt AR AR B9 35
AYHTINZ TN o BTAS SRR ok A AR AR
TR B 5 ok v A e I ) o K 2 25 IR EP
PRI ZEKYE , AR T2 @ 8825 EP 2b Z (] 1Y
ARBORG 45 ASRESRAS BRAR A e PE AR ISR

0y

it ony o

0 -] 10 15 20 25

G ) min
E5 EPE+FREEMfAKE Na,P,0, & E MR E
LHEEE

Fig.5 The curves of contact angle of EP surface after
surface modification for different times at differ-

ent sodium pyrophosphate content

—8— 20 gL
—— 30
~ —— 40 gl
5 6r
=
=l
o
B 4T
=
7 L
t] L i L i 1 L ]
0 5 10 15 20 25

etk TRl /min
6 EPEH 5495 R AR 8] B 4G 4558 B Na P,O, S B 71
BT E R T A S E
Fig.6 The curves of the adhesion strength of EP substrate
after surface modification for different times at dif-

ferent sodium pyrophosphate content

24 KMEEZEBNaP,O,S=XEPEM AL RE
SEA |
>4 MnO,-H,S0,-H,0-Na,P,0, it M {4 £ v £z
TR & 523 51k 20 g/L .30 g/L .40 g/L i, 45%¢ T EP
FERA 55 A A ) RS0 %) ol 2 56 5 I AP e ] 1) A £k

R AR 6 s . L6 AT, Zead ehobE b B
Jei » BP FE A 5 4 2 B3 ] 1] PR 5 5 138 32 S BRAS [
FRFERA A R LA BRAY EP o1 5 1k 24405 4 i )
FRGZS 5 8 %, S s A HS  EP JE M 51k 2%
5 T 2 [R) R G B i, E MR R R R R
B AR R  EP SR AL 55 fb 2 8 40 5 0] A9 45 i
S eIy ey N =R RN ) S
PPEAR 22 H Na,P,O, 1 75 1 4 30 g/L 2 PERRHE] Sk 20
min I, R 285 98 B 5K B 5 S {8, 4 7.35 N/em. 7EAH
() A e P ST ) T, EP A 55 1k 25 0 0] ] ) el 23 i
JEE I A A Tl P 5 ) 498 o 2 B S o S e N B
X 5 EP HbF FR 1A 19 SEM WLEE K 425 i £ 1) ) 2
SRR —EUN

3 &it

MnO,-H,SO,-H,0-Na,P,0, 2k 1 1A & rf ek 1 i
JE R 60 °C  Vigo, Vino =3: 1IIEAF T L WF5T T FEBE IR
P RN AT R )X BP S Ak BB (4 B2, P
WF 5T 45 AT 0, pie M Ak P S EP 3 b 2% 10 MRS P 1
R, FREAK MRG58, otk A R rp AR el & ik
30 g/L B, setEAR R A A LRE ) LR A3, el b 2
20 min JF , BP 3 b4 2 1 0 HURE A2 B 5 K, HL R, FIR,
IR, 43 93K 3 52.4 nm A1 92.2 nm; EP b 22 i 4
fit A o /0 | LG AT S K P B i, 7 58 2 T S /K PR A g
FETRPHURE B AL [R1VE FH T L EP kA 5508 el B 6] F) Rt 45
P B % K3k #) 7.35 N/em, [H It , MnO,~H,SO,-
H,0-Na,P,0, J&—F 51 A EP S b4 2 i el PE A 2R .

&% 3k

(1] XIPSIE . IR A ERAR SO R R 7], E S AR
4lk, 2010, 6: 22-23.

[2] SRR . PR IR ARSI O R A R B Y
FA. B TR T, 2020, 36(3): 30-34.

31 A, FEALE, XA E . A R A X Rk o B A A
PR RV 1Z2/2024 5R 45 42 18] B T SR 0], 258 4 A58 1
£, 2016, 13(1): 14-19.

[4] Ras§, Lee C, Cho J, et al. Micro via and line patterning
for PCB using imprint technique[J]. Current Applied
Physics, 2008, 8(6): 675-678.

[5] Han G F, ShiJ H, Chen Z D. Study on swelling solution
for high Tg epoxy resin substrate[J]. Applied Mechanics
& Materials,2011, 66-68(90): 90-95.

[6] LiR, Wang P, Zhang P, et al. Surface modification of hol-

low glass microsphere and its marine-adaptive compos-



« 18 «  Jul. 2022 Plating and Finishing Vol. 44 No. 7 Serial No. 352

ites with epoxy resin[J]. Advanced Composites Letters, bonding of epoxy resin composites [J]. Fibers &Poly-
2020, 29: 1-8. mers, 2014, 15(11): 2395-2403.

[71 Soldatov M A, Naumkin A V, Pereyaslavtsev A Y, et al. [12] LiJJ, Zhou G Y, HongY, et al. A composite of epoxy res-
Surface modification of epoxy resin by amphiphilic fluo- in/copper (II) acetylacetonae as catalyst of copper addi-
roorganosiloxane copolymers[J]. Russian Chemical Bul- tion on insulated substrate [J]. Journal of Materials Sci-
letin, 2016, 65(4): 1116-1118. ence: Materials in Electronics, 2018, 18: 8979-8984.

8] A, WA, XIARIR, &5 A HLEEXT KPR MG [ 1 [13] Baltazar L, Santana J, Lopes B, et al. Superficial protec-
A YR IR A IS B O[], FLBE S TR, 2020, 39(14): tion of concrete with epoxy resin impregnations: influ-
946-953. ence of the substrate roughness and moisture [J]. Materi-

[9] FEX, Bie, sksohs, 55 YA g m A AR E & als & Structures, 2015, 48(6): 1931-1946.

AL S T e I T R [0, H R MO B B 2R 2R R, [14] Zhai L L, Ling G P. The influence of nano-AlLO, additive
2020, 40(7): 144-152. on the adhesion between epoxy resin and steel substrate

[10] YanlY, Liang G S, Lian H L, et al. Effect of plasma step [J]. Transactions of Materids and Heat Treatment, 2004,
gradient modification on surface electrical properties of 25(5): 1263-1266.
epoxy resin[J]. Plasma Science and Technology, 2021, 23 [15] Prolongo S G, Rosario G U. Study of the effect of sub-
(6): 1-9. strate roughness on adhesive joints by SEM image analy-

[11] LiN, Liu G, Wang Z P, et al. Effect of surface treatment sis [J]. Journal of Adhesion Science and Technology,
on surface characteristics of carbon fibers and interfacial 2006, 20(5): 457-470.

Hp R 1 TR P2 H B A S O BRI
2022 FFHEA(R 85,86 ER)EIEIAR . (LIE G BIERKIAIE
Z WA FEF

R PP LEE A LIRS BB RS 1o R T S R ARG FR DA m) & T b Bl F B8 280 35 DI b ) ) B ST TE A4S , #5237 o ] .
WIS T p S o AR PR ML BE A S BT T, 5 LR A8 B B ARG s AR R B 26 T BB SRR AR L6 B\ PR KGR TR 24 S BE , RGeSk
R F AR B T2,

— BEXGRRIEFR BiR AL E SR BA A AR BOR B T, 8 2% o) S e B R R R T 2 A R S R R K
ROTR IR AT 7 B A AR A B8 i BT e B B 0, W AT L T R B AR AL B ARG E B HES I A R

ZVERRIE EIFEGERMA R TR

FFUECHL B A2 Sl ) P Ak 2 5 e B D B ) R B T 25 2 ) CHL B VR B B 1 7 Ak 2 43 BT D LI X AR ) (B J2 I Sk e i B ARG ik YL
JEAGRBEYEE T I TR . UG BE o & BRI R SEPR , R 30~35 45256, b7 AR 7= 52 20 5 18 L AT URIRE , IF 2 402 UL R 9 Je itk b IX 2
WM. ZIRHEEREIEE, TMEAPEEEDEUER ; AT ERIRE , RIEE I E FHREEKE, £EZ68E, BT WIRI R %
ERSFOMEY RS I S RIEIE RN ZFRHINEE A EIES , 18 TIE £ R A R A&IERR T BN TIE R IMTHE .

= FEEAKER

1V SIBTE] . 55 8511 20224F 4 H 20 H &5 A 21 H, 45 861120224E9 H 20 H &£ 10 A 21 H &I 31 K, fi—5 B PRI 10 KIF2E 5 (W4
FERFBA A NTZE, i, 26 H E9H 10 H L, JEM[ 11 H E W4 H 10 H & 28002 S BERAS AR, 2 2] HoR I H (i) A EOR
PR, 2 FHAE ST )

2.2 B BT (LR 2 PRk S M AR ) 4800 L N Rl , kiR 2EFH AR

3VRTERHE: £ 1H AR, HA B UM ZEHE IS Rkt 25 B e (R 1 28— MR R 120 T 2545, 17 5 1 65 T WA K 20 78) 5

4 BERFI KRBT T DX A P % 2 54 4567 55 1508 = (15)2)

et SR BEARFRFEA VA BAEA . IWREF KM BRI S TR A,

3% (0531)88278889 T-HL: 13001715085, 18660813836, 13006594941

5 FF ST 47 85 1 20224 4 F] 20 H A FARE, 45 86 11 2022 4E 9 [ 20 H A KARF], 24 H e TP 4ME, W H IER i, Sy S PEEi
TH AT 15 R HLIE (SR )N IER A, DB HE D POk B o SR 1R A i BUR 25K, 2 SR Tl B0l 4% e % e 45
T B FEARUE AT R AR TR I g R A Mo N PR e IR R 15K

6 IRBIA L EE O ALK M BFEKIRRE B IH R R 69 1% 2= 15 B AL bl ok F BRI ; QR FF R A E Ao (KRS E ) KI10
o BRT1 2 = fLBrul T 69 #% 2 G B AL R 5 T BI 2] @F KRR F Bk R uh e 69 [ 2 v AL I 5 T RIS @D 5 A FE b T 4 KRR
ZE R bRl R 60 i 2 i AL I s N RIE]

hERELENSBESSBFEIEL
FEEERARARERIFEAR



