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ABSTRACT: The work aims to study the environmental adaptability of PCB with different protection processes in a damp and
hot salt fog atmospheric environment. Combined with unprotected specimens, the exposure test of PCB with four kinds of pro-
tection technology was carried out in shed environment near the sea. The performance of the protection technology of PCB was
evaluated by the appearance, insulation resistance, dielectric voltage resistance, quality factor, scanning electron microscopy,
energy spectrum analysis and other technical means. In the shed environment near the sea, the PCB without protective treatment
was seriously corroded, and its electrical performance was also significantly reduced. The modified silicone and organosilicon
PCB had mild corrosion and good electrical properties during the whole test period. The PCB protective performance of acrylic
three-proofing paint protection was unstable, and the PCB was corroded. The quality factor of acrylic three-proofing paint was

lower than that of modified silicon and organic silicon three-proofing paint. The electrical test performance of the PCB protected
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by polyurethane three-proofing paint was good, but the coating had too much damage, foaming and other defects, the copper

wire had abnormal rust phenomenon, and the dielectric voltage test had a breakdown state in multiple cycles. For the PCB in the

damp and hot salt fog environment in the shed environment near the sea, it is recommended that silicone and modified silicon be

coated with three-proofing paint as protection means.

KEY WORDS: damp and hot salt fog; shed environment; PCB; three-proofing paint; coating protection; environmental

adaptability
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Fig.2 Macroscopical morphology of PCB samples in each cycle: a) no protection; b) modified silicone three-proofing paint
protection; c¢) organic silicon three-proofing paint protection; d) acrylic three-proofing paint protection; e) polyurethane
three-proofing paint protection
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Fig.3 Local morphology of PCB samples in each cycle: a) no protection; b) modified silicone three-proofing paint protection;
¢) organic silicon three-proofing paint protection; d) acrylic three-proofing paint protection;
e) polyurethane three-proofing paint protection
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Fig.4 Micro-morphology and energy spectrum analysis of PCB samples after 12 months of experiment: a) no protection;

b) modified silicone three-proofing paint protection; c¢) organic silicon three-proofing paint protection;

d) acrylic three-proofing paint protection; e) polyurethane three-proofing paint protection
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Tab.2 Rating of appearance of different PCB in shed environment
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Tab.3 Pressure resistance of each sample in different period
in shed environment

P P L
IR A 1 2 3 4
Ehi T5 G md md md
MR Ed me med med i
EORESEE  Ed md med md mi
WM Ed @ md md
BERECUE W B ok k% b

2.7 mREER

it I R R R A AR LR D R B, v i
BRI, A B4 PR REBT o MR BRI ) J1 30
YD) R, A 9 47 V2= 5 DR R R A N A 7 B . AT
A, M NE T, BRI 4 Bl AR
25 JE ST i 5 DR RSB SR b 5 BT B e ) HG
SRR, BV EL AR DR B ) = Bl R B 1] Y RS
HBE TR B AR S TURRAE

600
S00r \ o PERES B
£ 400 - \ BHRE=RE
K’ WIHR =g
300 \ £ R
" 200}
100 |
- ——3
0 1 | 1 — 1
0 3 9 12

6
REAT /A

P70 BRI A8 A ] 3 v I A % A
Fig.7 Change of quality factor of each sample in different
period in shed environment



<152 - E N

2024 43 A

3 it

e 3o Xof B A R S A — By By 4 TR A T R
AT AT S LB e B g PR REBIE S, WA RIRLT
FELER,

1) JCR 4 Ak B L A AR 25 BOH T R
Th e, AR BT L 0 RO S o,
S ERIAERTE N

2) SRk =B A PLEE BB B A ED R H
HAR, FEREMAIR I, IR R, R UERE
WL A ) P 98 7 A — s B s, EATE AR IE R Y
W, LR R IR 2 AU A R s

3) e RIS R, IR = B
F1%9 B 1] R S Al 17 P P RE AR E , 5 ESCEI A FRL S A L B
JETRBRR , B RO AR T R iR = B A B
=B BB AR, R IR R Z AN PR R A B
PHEAE.

4) FRETE =By B 4 A9 B R AR R AR
PERER B R 4r, (BT 7 i 2 I R 20l
i, RAAEEEG, LIS A IS, AT
Fi i 2 J 30 5 Bk 2 IR S

e R] T, e el B il Dl . R L SRS
A IR BT BN L AR, AT e B R LA AL
FE=B . SovERE = BB N B i T B

SE M-

(11 HFRZEPREE. BT RS =BEAR T ML dea:
Segs Tl ek, 2000.

Institute of Electronic Sciences. Technical Manual for
Electronic Equipment[M].
Press, 2000.

2]  EHME, KA, ER, . ARSI AL
TREREE W S B X SR [T]. BB TR, 2021, 18(2):
95-102.

WANG H L, ZHANG D J, WANG J, et al. Typical Local
Environmental Monitoring and Anti-Corrosion Counter-

Beijing: Ordnance Industry

measures in Damp and Hot Salt Spray Atmospheric En-
vironment[J]. Equipment Environmental Engineering,
2021, 18(2): 95-102.

3]  Blh, FEE, R ORI TR S ]
FAR[T). BB T, 2012, 9(4): 59-63.
MU S, LI J N, WANG L. Corrosion Control Technology
of Electronic Facility in Marine Atmosphere[J]. Equipment
Environmental Engineering, 2012, 9(4): 59-63.

[4]  EEE, MiER. PCB R IIIT[I]. HLT" T4
SRR, 2019, 37(S1): 58-62.
HUANG A Z, LU Y F. Analysis of PCB Short Circuit
Failure[J]. Electronic Product Reliability and Environ-
mental Testing, 2019, 37(S1): 58-62.

[5] YI P, XIAO K, DING K K, et al. Surface Failure Mecha-

[10]

[11]

[12]

[13]

[14]

[15]

nism of PCB-ENIG in Typical Outdoor Atmospheric En-
vironments[J]. Materials Research Bulletin, 2017, 91:
179-188.

G AR, EL. PR PR S5 X B H AR
RESEARZ I A BT [D]. PREEHIR, 2014, 32(3): 21-23.
YUAN M, ZOU F, WANG Z. Analysis on Tropical
Ocean Environment Effects to Performance Parameters of
Printed Circuit Board[J]. Environmental Technology,
2014, 32(3): 21-23.

WY, NSy, skoPRIE, SR R kg T
PCB-ENIG ) i B AL 2 A7 8 [J]. RIEHLA, 2021,
50(10): 345-352.

TAN X M, ZHAN G P, ZHANG D F, et al. Corrosion
Electrochemical Behaviour of PCB-ENIG in Accelerated
Test Environment[J]. Surface Technology, 2021, 50(10):
345-352.

Lhigh, TEOCHE. ZEHIH T UCA BN BRI B B D). W
FT 2R, 2004, 25(3): 109-111.

MA J, ZHANG W J. Defending of Printed Circuit in
Military Electrons Equipments[J].
Technology, 2004, 25(3): 109-111.
I BB B B M]. Jbat BT
Jitt, 2021.

HU C M. Anti-Corrosion Design of Electronic Equip-

Electronics Process

ment[M]. Beijing: Publishing House of Electronics Indus-
try, 2021.

FEgh i, ZERnsE, B, SF. WERREER XALBG I E ot
] IEHR, 2021, 39(2): 35-40

ZHUANG X F, LI P P, TANG R, et al. Study on Protec-
tive Measures of Fans in Marine Environment[J]. Envi-
ronmental Technology, 2021, 39(2): 35-40.

WR, T RN TR L =PRI, %
FFREE T AL, 2009, 6(4): 72-75.

FAN M, ZHOU G Y. Research on Three-Proof Technol-
ogy of Whole Set Military Electronic Equipment[J].
Equipment Environmental Engineering, 2009, 6(4): 72-75.
TR BT REDIIRER R EORM]. b
A BT Tk AR, 2021,

WANG C H. Environmental Test Technology of Protec-
tive Coating System for Electronic Equipment[M]. Bei-
jing: Publishing House of Electronics Industry, 2021.
WA, Bfde, sKeIs. ZERIHF PCBA =BiiR)2 i
MEAPERERY R R [0]. BT T 28R, 2015, 36(1):
29-31.

YANG T S, ZHONG F X, ZHANG H B. Infl Uence Fac-
tors on Wet-Heat Resistant Property of Three Proofi ng
Coating of Military Electronic PCBA[J]. Electronics
Process Technology, 2015, 36(1): 29-31.

i AHr. 4T AR A — R By 5 07 i (], B T4
K, 2009, 32(19): 184-186.

QU L X. Defending Method of Printed Circuit Board for
Military Use[J]. Modern Electronics Technique, 2009,
32(19): 184-18e6.

fili 5. PCB AR5 — B IR BEATRMAERERTSE )], HLTHL



218 3

o, A WRIAER

Z5 RAPRGEEN il el i A 77 3700 T X 9 5 <153 -

[17]

(20]

T AR, 2000, 16(5): 59-61.

LU Y. A Performance Test on PCB Surface's Coating[J].
Electro-Mechanical Engineering, 2000, 16(5): 59-61.
FERE, EVEH, RiE, 5 EGIEAUH = B2
OB TR (0], BARTR B S TR RS, 2021, 24(7):
17-20.

WANG J J, WANG X M, WU L F, et al. Research Pro-
gress of Conformal Coating Material for Printed-Circuit
Board[J]. Modern Paint & Finishing, 2021, 24(7): 17-20.
REE. WEEMRBERG TN = TEMRD]. BFT
2R, 2010, 31(1): 54-57.

ZHU W. Study of Three Proofings Technology under
Maritime Climate Condition[J].
Technology, 2010, 31(1): 54-57.
Silr, TRERE, R4t . Fh 0w Ak 4 En il f
BEARUB AT N BRI T]. TRERMEEEMR, 2015, 37(12):
1601-1609.

YI P, DING K K, SONG W F, et al. Effect of Salt Spray
Environment on the Corrosion Behavior of PCB-HASL
and PCB-ENIG[J]. Chinese Journal of Engineering, 2015,
37(12): 1601-1609.

Vg, oM, e, . EAMEEL =R AR
B TP EIR ). W5 51ME, 2017, 38(4): 53-58.
JIANG H F, SHEN Y, BAO X Y, et al. The Application
of UV Curable Coatings on Aerospace Electronic Prod-
ucts[J]. Guidance & Fuze, 2017, 38(4): 53-58.

XUFF, HERHE, FRAER, 5. GO #a R RS
2T En il v BE AR I BT P PR BB (D). A A R AR,
2022, 37(6): 495-500.

LIU Q, YU D Z, QIAO S R, et al. Protective Performance
of Corrosion Inhibitors on PCB in Tropical Marine At-

Electronics Process

mosphere Environment[J]. Journal of Naval Aviation
University, 2022, 37(6): 495-500.

YI P, XIAO K, DING K K, et al. In Situ Investigation of
Atmospheric Corrosion Behavior of PCB-ENIG under
Adsorbed Thin Electrolyte Layer[J]. Transactions of
Nonferrous Metals Society of China, 2016, 26(4): 1146-
1154.

[22]

[24]

[26]

XUEL, SR, XL, S BRI b AR v BRI 1
5 5 S I I AR DGR ST )], R BR G T AR,
2018, 15(2): 74-78.

LIU C C, ZHANG H B, ZHAO L H, et al. Correlation
between Marine Environmental Test and Laboratory
Environmental Test of Printed Circuit Board[J]. Equi-
pment Environmental Engineering, 2018, 15(2): 74-78.
LA AR F B AR BT 3 T 2 B PR 3 A Y
[D]. J7H: FERGHLT K2, 2015.

YUAN M. Research on Tropical Ocean Environmental
Worthiness of Printed Circuit Board Protection Technol-
ogy[D]. Guangzhou: South China University of Technol-
ogy, 2015.

JKE, BRERK, BEARZR, 4. x RHLRE RO R HA
B AR ESC RATFE)]. I TR, 2017, 14(1):
24-29.

ZHANG Y, CHEN Y L, FAN W J, et al. Equivalent Ac-
celerated Relationship of Local Environment Spectrum of
Semi-Closed Parts of a Plane[J]. Equipment Environ-
mental Engineering, 2017, 14(1): 24-29.

XUMEL, sREEME, BGELL, 4. HLar U5 A ol d g
B BRI 38 B PRI S (0] % A BREE TR, 2017, 14(7):
65-69.

LIU C C, ZHANG H B, ZHAO L H, et al. Environmental
Adaptability of Printed Circuit Board for Airborne Elec-
tronic Equipment[J]. Equipment Environmental Engi-
neering, 2017, 14(7): 65-69.

IR A WL JZ PRI P N R AEH AR HEJ ).
AT EEEAL SN, 2014, 43(6): 51-56.

ZHENG H B. Environmental Adaptability and Evaluation
Technology of Organic Coatings[J]. Synthetic Materials
Aging and Application, 2014, 43(6): 51-56.

PO, gk B A BRI =B IR T2 ]. T
T 4R, 2007, 28(6): 324-326.

HUANG P, ZHANG J. Technical Research Work on the
Three-Defended Coating Applied on Printed-Circuit-
Module[J]. Electronics Process Technology, 2007, 28(6):
324-326.



