Nghién ctru khoa hoc céng nghé

NGHIEN CU’U CHE TAO LOP PHU BAO VE BO MACH
DIEN TU’ TREN CO’ SO’ NHU'A EPOXY BIEN TiNH
BANG CAO SU POLYSULFIDE LONG

NGUYEN PHI LONG, NGUYEN NHU HUNG, DPONG PHAM KHOI, LE QUYNH NGAN,
TRAN NGUYEN NGAN HA, TRAN THI THU HANG, LLUONG XUAN TIEN

1. PAT VAN PE

Céc cong nghé bao vé bo mach, bao vé thiét bi dién tir 1a mot phén quan trong
cua cong viéc nhiét déi hoa. Bo mach - by phan quan trong nhét cia moi thiét b
dién tir va cling thuong 1a nhay cam nhét véi cac tac dong ctia moi truong - vé giai
phap thuong duoc st dung cac mang phu bao vé [3, 5, 7]. Cac mang phu bao vé bo
mach can phai dat mot s6 yéu cau nhu: C6 tinh cach dién cao dé khong gy cham
chap, gay nhidu; c6 kha ning chéng thAm am, tham khi ciing nhu céc tiéu phan gay
an mon khac; c6 kha ning truyén nhiét cao (truyén nhiét bang tiép xtic va bang tan
xa) cling nhu lam viéc 6n dinh ¢ nhiét d6 cao [3, 7].

L6p phu trén co s& nhya epoxy sau khi dong ran c6 nhiéu tinh chat quy bau,
ndi bat nhét 1a kha nang bam dinh cao véi hau hét cac loai vat liéu kim loai va phi
kim, chiu dugc tac dung cua nhiéu loai hoa chit, bén co hoc, bén nhiét, kha nang
chéng thdm am cao, dic tinh cach dién tt va gia thanh chép nhan dugc. Vi vay, hién
nay nhya epoxy duogc st dung rong rai vao cac linh vuc ky thudt hién dai, dac biét 1a
trong cong nghé ché tao thiét bi dién tir [4]. Tuy nhién, do dic diém cdu tao, nhya
epoxy sau khi déng rin khong du do déo can thiét, gay ung luc 18n linh kién khi c6
nhiét do tac dong, anh hudng dén cac thong sb k¥ thuat cua thiét bi. Dé khic phuc
han ché trén va nang cao céc tinh ning cua 16p phu, trong nhimg nam gan day, loai
vat lidu to hop trén co so nhya epoxy bién tinh bang hop chét hitu co-silic, nhua
epoxy-urethan, nhya epoxy-cao su... van dang dugc quan tdm nghién ctru [1].

Trong bai bao nay trinh bay mét s két qua nghién ciru tao mang epoxy bién
tinh bang polysulfide, danh gia mot s6 tinh chit co 1y va danh gia kha ning bao vé
chéng dn mon cua 16p phu ché tao duoc.

2. THUC NGHIEM

2.1. Nguyén li¢u, héa chit

Nhua epoxy dian 3/1-20 (Lién bang Nga) c6 duong luong nhom epoxy tur 195
dén 216, chét dong ran polyamide phan tir lugng thap JI-20 (Lién bang Nga), cao su
polysulfide 1ong HBB-2 (Lién bang Nga) c6 ham lugng nhoém mercaptan (-SH) tur 3
dén 4%, chat chéng tao bot BYK-A 530 (Altana, Lién bang DPtrc), axeton 99,5%
(Trung Qudc).
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2.2. Phuong phap tién hanh

2.2.1. Khdo sdt anh huéng ciia ham lwong chit déng rin va thoi gian déng
rin dén mikc do dong rdn ciia nh wa epoxy

Nhua epoxy, chat dong ran (ham lugng 53, 58, 63, 68 phan khdi lugng (PKL)
so v6i 100 PKL nhya epoxy duoc khudy tron dong thoi bang may khudy tir ¢ nhiét
d6 phong. Mau sau khi déng ran tai thoi diém khao sat dugce nghién nho va tién hanh
rdy trén mat sang c6 kich thudc 16 1a 180 um va chiét bang axeton trong dung cu
sohxlet sau 48 gid dé tinh toan ham lugng chat déng ran bang phuong phap xac dinh
ham luong phan gel.

2.2.2. Bién tinh nhwa epoxy bing cao su polysulfide long

Nhua epoxy, cao su polysulfide long (0, 1, 3, 5, 7, 9 PKL nhua epoxy), chét
chéng tao bot (0,2 PKL nhua epoxy) duoc khudy tron dong thoi bang may khudy tir
& nhiét do phong trong 5 phut roi thém luong chit déng ran theo ty 1é xac dinh. Cac
mau 16p phu duoc phu trén nén thép, sau 48 gio dem thir nghiém danh gia cac chi
tiéu co 1y va do bén méi truong.

2.2.3. Cac phwong phap do dac, danh gia

- Phuong phap xac dinh ham lugng phan gel: Ham luong phan gel cta san
pham dugc xac dinh theo cong thuec:

m,
X=—x100%
my

Trong do:

X - ham lugng phan gel ciia mau, %;
m; - khéi lugng mau sau khi chiét, g;
m; - khéi lugng mau trude khi chiét, g.

- Phan tich phé hdng ngoai: Tién hanh do phd hong ngoai mau duoc thuc hién
trén may Nicolet Impact 410 (M¥) trong ving 4000 + 500 cm™ tai Vién Hoa hoc,
Vién Ham Iam Khoa hoc va Cong nghé Viét Nam.

- Nhém céac phuong phap xac dinh tinh chit co 1y ctia mau: Do bén va dap
duogc xac dinh bang thiét bi Sheen 807 (Anh) theo tiéu chuian TCVN 2100-1:2007;
d6 cimg tuong d6i duoc xac dinh bang thiét bi Erichsen 299/300 theo tiéu chuin
TCVN 2098:2007; @ bén udn dugc xac dinh bang thiét bi Sheen312 (Anh) theo tiéu
chuin ASTM D522; d6 bam dinh dwoc x4c dinh bang thiét bj Neurtek (Tay Ban
Nha) theo ti€u chuan TCVN 2097:1993; x4c dinh do kho va thoi gian kho theo ti€u
chuan TCVN 2096:1993 tai Vién Do bén nhiét ddi, Trung tam Nhiét doi Viét - Nga.

- Banh gia kha nang bao vé cua 16p phu theo hai nhom phuong phép:

+ Nhom phuong phap danh gia do bén 16p phu: Xac dinh do thdm nudc theo
tiéu chuan TOCT 20869-75; xac dinh d6 bén nhing trong nudc theo tiéu chuin ISO
2812-2:2007; xac dinh d6 bén dudi tac dong cua dung dich NaCl 10% va H,SO4
10% theo ISO 2812-1:2007.
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+ Nhom cac phuong phap danh gia kha nang bao vé cua 16p phu trén bo mach
dién tir: Phuong phap thir nghiém mu mubi theo tiéu chuin quan sy My MIL-STD-
810G (thtr nghiém 509.5); phuong phap thir nghiém nhiét, 4m theo tiéu chuan
TCVN 7699-2-38:2007.

- Nhém cac phuong phap danh gia tinh chat vé dién cua 16p phu: Do dién tro
suat khoi cua 16p phu; do dién ap danh thung theo tiéu chuan IEC 60093:1980.

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia ham lwgng chat déng rin va thoi gian dong ran dén
murc do dong ran cia nhua epoxy

3.1.1. Khdo sdt phdn ting dong rin bang phé hong ngoai (IR)

Ty 1& nhya epoxy 9J1-20 va chat déng ran JI-20 dugc lya chon dé khao sat 1a

100:58 (PKL). Ché d6 dong rén dugc thyc hién ¢ nhiét do phong. Két qua chup phd
hong ngoai dugc thé hién ¢ hinh 1.
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(a) (b)
Hinh 1. Phé IR cua nhua epoxy 2/1-20 khi chua dong rén (a) va sau khi dong rén (b)
Hinh 1 cho thdy & méu epoxy DJ1-20 c6 cac pic 1254 cm™ va 826 cm™ dic
trung cho dao dong hoa tri cia nhom epoxy va pic 3472 cm™ déc trung cho nhom
hydroxyl [2]. Sau khi déng rén, pic 3438 cm™ dé c6 cudng d6 hap thu manh 1én rat
nhiéu. Trong khi d6 pic 1258 cm™ va 836 cm™ dic trung cho nhém epoxy lai c6
cuong d6 hap thu giam di rat manh. Piéu nay cho phép két luan phan tng dong ran
nhwa epoxy DJI-20 v6i chit dong ran JI-20 di xay ra va mac do chuyén héa la twong
d6i cao. Két qua nay c6 thé duogc giai thich theo co ché déng rin nhua epoxy bang
polyamide nhu sau: Qua trinh déng ran phu thudc vao cic nguyén tir hydro hoat
dong ciia nhom amin bac madt va béc hai c6 trong phan tir polyamide xdy ra voi van
tdc phan tmg thip va it ta nhiét. Nhom amin béc 1 xay ra theo phan ng:
0 H
/\ | H,
RNH, + H,C—CHvv — NR—C —CHww
on
Nhom amin béc 2 tiép tuc phan tmg:

46 Tap chi Khoa hoc va Céng nghé nhiét déi, S6 09, 12 - 2015



Nghién ctru khoa hoc c6ng nghé

(I)H
H
| H, /\ /CHZ—CHJ\N‘
NR—C -CH + H,C—CHvwv —» NR\
on CH,—CHnnn
OH

Vé mit Iy thuyét, cac nhom hydroxyl dugc tao thanh c6 kha ning phan tng
Vi cac nhom epoxy tao thanh céac ether:

0
HOA 4 HC—CHA — G
OH 0
HZ(IJ—CHM
o

Sy hién dién cua cac nhom hydroxyl dong vai tro quan trong vi chung tham
gia vao phan ing mé vong epoxy, day nhanh qua trinh doéng ran.
~ 3.1.2. Khao sat anh huong ciia ham lwgng chit déng rin va thoi gian dong
ran den mirc do dong ran cua nhwa epoxy
Dé nghién ctru anh hudng cua ham luong chat déng rin J1-20 dén muc do
dong ran cua nhya epoxy 9/1-20, tién hanh phan ng voi cac diéu kién theo 2.2.1.
Két qua dugc trinh bay trong bang 1.
Bang 1. Anh hudng ctia ham lugng chit déng ran JI-20 dén mirc d6 déng ran cta
nhya epoxy 9/1-20 ¢ nhiét do phong

Thoi gian EDL-1 EDL-2 EDL-3 EDL-4
déng ran, (gi0) Ham lwong phan gel, %
15 3,5 12,3 27,0 53,9
20 17,9 18,0 35,0 80,0
25 41,3 44.6 84,1 90,0
30 82,5 83,4 94,7 96,5
35 86,1 87,0 97,4 98,7
48 94,9 98,6 98,7 98,7

Trong‘d('): EDL-1, EDL-2, EDL-3, EDL-4 c6 ty 1¢ theo PKL 3/1-20/J1-20
tuong tng bang 100/53, 100/58, 100/63, 100/68.

Bang 1 cho thay ¢ ché d6 thoi gian dong ran 48 gio, nhiét d6 dong rén 1a nhiét
d6 phong voi luong dong ran 1a 53 PKL nhwa epoxy c6 ham lugng phan gel tuong
ung 1a 94,9%, con tai cac luong dong ran 1a 58 dén 68 PKL nhya epoxy thi ham
luong phan gel it co su thay d6i va ¢ muc cao tir 98,6% dén 98,7%. Tuy nhién, cac
két qua khao sat nay con phai gin véi khao sat cic tinh chat cta san pham sau dong
ran dé lua chon ty 1é t6i wu.
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Két qua khao sat anh huong thoi gian dong ran dén mirc d6 dong rén cua nhwa
epoxy dugc thé hién & hinh 2.
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Hinh 2. Anh huong thoi gian déng ran dén muc do déng ran cua nhya epoxy
Hinh 2 cho thay phan (mg déng ran dat trén 80% doi voi mau EDL-1, EDL-2
sau 30 gio, mau EDL-3 sau 25 gi0, va EDL-4 sau 20 gio. Mau co ty 1¢ dong ran cao
hon thi toc dg gel hoa cting cao hon. Sau khoang 48 gio, ham lugng phan gel cua
mau EDL-2 dat trén 98%, con doi véi cac mau EDL-3, EDL-4 tai thoi diém sau 35
gi0, ty 1€ gel hoa da dat 98%.
3.2. Bién tinh nhwa epoxy bing cao su polysulfide l6ng

_ 3.2.1. Khdo sat anh hwong ctia ham lugng cao su polysulfide long dén tinh
chat co ly cia lop phu
Pé nghién ciru ‘anh hudng ctia ham lugng cao su polysulfide long dén tinh chét
co ly cua 16p phu, tién hanh phan tmg v6i cac dicu kién theo 2.2.2 tai ty 1¢ lwa chon
B1-20/J1-20 = 100/58 (PKL). Két qua dugc trinh bay trong bang 2.

Bang 2. Anh hudng ciia ham lugng polysulfide dén tinh chat co 1y cta 16p phu

Do Do bén PH D) cirng Po
TT Maiu khé thau va dap | bam dinh | twong d6i | bén udn
(cép) (kg.cm) (diém) (mm)
1 | EDL-2-0 11 45 1 0,93 9
2 | EDL-2-1 11 56 1 0,91 4
3 | EDL-2-3 II 58 1 0,90 3
4 | EDL-2-5 11 60 1 0,88 3
5 | EDL-2-7 11 61 1 0,87 2
6 | EDL-2-9 11 63 1 0,82 2

Trong d6: EDL-2-0, EDL-2-1, EDL-2-3, EDL-2-5, EDL-2-7, EDL-2-9 ¢6 ty 1¢
theo PKL tuong tmg DJ1-20/J1-20/HBB-2 1a 100/58/0, 100/58/1, 100/58/3, 100/58/5,
100/58/7, 100/58/9.
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Bang 2 cho thiy sau 48 gid, cac miu tai ty 1& khao sat déu co do kho thiu dat
cap II. Mau nhya epoxy khong bién tinh EDL-2-0 c¢6 d6 ctng twong ddi cao nhat
(0,93), d6 bén va dap, do bén udn thap nhét (45 kg.cm va 9 ‘mm). Cung voi sy tang
ham luong cao su polysulfide Iong HBB-2, d6 cing twong d6i giam dan trong khi d6
bén va dap, do bén udn ting dan. Trong cac khoang ty 1& di khao sat, mau EDL-2-9
v0i ham lugng cao su polysulfide 16ng bang 9 PKL nhya epoxy cho d9 cung tuong
d6i thap nhét (0,82), con do bén va dap, o bén udn cao nhat (63 kg.cm va 2 mm).
Nhu vay cac tinh chét co 1y, ddc biét 1a tinh gion va do déo cua 16p phu da duoc cai
thién dang ké khi dwa cao su polysulfide 16ng vao nhua epoxy thé hién qua d6 bén
ubn va d6 bén va dap. Pidu nay cho thiy cao su polysulfide 16ng c6 kha nang phan
g t6t v&i nhya epoxy. Nhom mercaptan da phan tng voi nhom epoxy tao lién két
theo phuong trinh dudi. Phan tmg nay 1a co s& dé bién tinh nhya epoxy trong viéc
ché tao 16p phu [6, 8].

HS—R,—SH+ R — W—R—|—CH2—S—R1—S—CH2—|—R—W
\ / (0] OH OH (0]
3.2.2. Danh gia khd nang bdo vé cua lop phi

- Panh gia d6 bén 16p phit: Cac mAu chuan bj theo ty 1¢ nhu myc 3.2.1 dugc
phu trén nén thép CT3. Két qua thir nghiém dénh gid 6 bén 1op phu the hién tai
bang 3.

Bang 3. Két qua thir nghiém déanh gia do bén 16p phu

3 P thim P bén Do bén trong | P bén trong

TT Mau nuwodc sau nhing nwéc | NaCl 10% | H,SO410%

168 gio (%) | (ngay, dém) | (ngay, dém) | (ngay, dém)
1 | EDL-2-0 0,087 115 108 15
2 | EDL-2-1 0,083 135 128 17
3 | EDL-2-3 0,083 137 129 17
4 | EDL-2-5 0,086 130 125 15
5 |EDL-2-7 | 0,087 113 105 12
6 | EDL-2-9 0,089 97 85 6

Bang 3 cho thiy miu EDL-2-1 va EDL-2-3 v&i ham lugng cao su polysulfide
long 1 va 3 PKL nhwa epoxy co do tham nudc sau 168 gio, do bén nhung nuoc, do
bén trong NaCl 10% va d6 bén trong H,SO4 10% 1a t6t nhat so v&i cac mau con
lai tai cdc ty 1¢ khao sat. Khi tang dan ham luong cao su polysulfide long tur 5 dén
9 PKL nhya epoxy thi cac tinh chat trén ¢6 xu hudng giam dan tuong tng. Tham chi
mau EDL-2-7 va EDL-2-9 c6 céc két qua thir nghiém con kém hon so véi méiu
khong sir dung cao su polysulfide 16ng (EDL-2-0). Diéu nay cho thay vt liéu t6 hop
nhya epoxy-cao su polysulfide 16ng duoc st dung phu hgp véi ham lugng cao su
polysulfide long tir 1 dén 5 PKL nhwa epoxy. Viéc st dung ham luong cao su
polysulfide 1ong cao hon c6 thé da anh huéng dén qua trinh khau mach cua nhwa
epoxy 3J1-20 do d6 lam suy giam céc tinh chét thir nghiém.
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- Panh gia tinh chét vé dién cua 16p phi: Mau 16p phit EDL-2-0 va EDL-2-3
dugc lya chon nham danh gia anh hudng cia cao su polysulfide 1ong t6i nhiing
thong sb dic trung vé dién cua 16p phu. Két qua do duoc thé hién tai bang 4.

Bang 4. Két qua do cac tinh chat vé dién cua 16p phu

TT | Phuong phap thir nghiém Don vi EDL-2-0 EDL-2-3
1 | Chiéu day mm 1,78 1,72
2 | bién tré suat khdi Q.cm 2,5.10 3,7.10"°
3 | Bién ap danh thung kV >30 >30

Bang 4 cho thiy tai cac mau dugc khao sat, gia trji dién ap danh thung ciia mau
EDL-2-0 va EDL-2-3 déu dat trén 30 kV, dién tré suat khdi cia miu EDL-2-3
(3,7.10" Q.cm) cao hon so v6i mau EDL-2-0 (2,5.10" Q.cm). Nhu vay tuong tu véi
cac két qua khao sat cac tinh chét co 1y va d6 bén méi truong cua 16p phu, khi dua
thém cao su polysulfide 16ng v6i ham lugng 3 PKL nhuwa epoxy, cac tinh chat vé
dién cua 16p phu cling dugc cai thién.

- Dénh gia kha ning bao vé ctia 16p phu trén bo mach dién tir: Mau 16p phu
EDL-2-3 duoc lua chon dé danh gia kha nang bao v¢ cho bo mach thiét bi dién tu
TP-Link (Trung Qudc) bang phuong phép thir nghiém gia téc mu mubi va gia tdc
nhiét, am. Két qua thir nghiém thé hién tai bang 5.

Bang 5. Két qua thir nghiém dénh gia kha niang bao vé cua 16p phu
trén bo mach dién tir

o . | MAiuddi | Miu co6 16p phi
TT | Phwong phap thir nghiém | Don vi chiing EDL-2-3
1 | Thir nghiém gia téc ma mudi | chu ky 4 >20
2 | Thir nghiém gia toc nhiét, 4m | chu ky 10 > 20

Céc két qua thir nghiém cho thdy, bo mach cua thiét bi dién tor TP-Link sir
dung 16p phu bao vé EDL-2-3 ¢6 cac két qua thir nghiém gia tbc mu mubi (theo tiéu
chuén dung cho thiét bi dién tir quan sy cia My MIL-STD-810G, method 509.5) va
thir nghiém gia tdc moi truong nhiét do/do 4m hdn hop (tiéu chuén TCVN 7699-2-
38:2007) déu cao hon nhiéu so v&i bo mach thiét bi cung loai khong st dung 16p
phu (tuong tmg dat trén 20 chu ky so v6i 04 chu ky mi mudi va trén 20 chu ky so
v6i 10 chu ky nhiét, &m hdn hop).
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4. KET LUAN

- Bi ché tao dugc vat liéu to hop trén co s¢ nhya epoxy 3/1-20 bién tinh béng
cao su polysulfide 1ong HBB-2 véi chat dong rin polyamide phan tir luong thap JI-20.

- Tinh chét co 1y cua vét liéu td hop nhua epoxy D/1-20/polyamide phan tir
lwong thap JI-20 duoc cai thién dang ké khi sir dung cao su polysulfide 1ong HBB-2
& do bén va dap, do cting, dac biét 1a do bén ubn, khic phuc dugc tinh gion cua nhya
epoxy sau khi dong rén.

- Ham lugng cao su polysulfide 16ng c6 thé anh huong dén qué trinh khau
mach cta nhua epoxy 3/1-20 khi déng rin bang polyamide phan tir luong thip JI-20
& nhiét do thuong. Vat lidu td hop DJ1-20/J1-20 véi ham luong cao su polysulfide
long 3 PKL nhya epoxy c6 d bén mdi truong cao thé hién & do thim nudc sau
168 gio dat 0,083%, d6 bén nhing nudc dat 137 ngdy, do bén trong NaCl 10% dat
129 ngay, d6 bén trong H,SO, 10% dat 17 ngay. Cac tinh chat vé dién (dién tro suét
khéi, dién 4p danh thing) va thir nghiém gia tbc (mu mudi, nhiét 4m) cho thay 16p
phu ché tao dat yéu cau bao vé cho bo mach thiét bj dién tir.
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SUMMARY

A STUDY ON PREPARATION OF PROTECTIVE PRINTED CIRCUIT
BOARD COATING BASED ON EPOXY RESIN MODIFIED
BY LIQUID POLYSULFIDE RUBBER

This paper presents some results in studying and producing a coating to
protect printed circuit board from tropical environmental impact. We have tested the
protective ability of the coating based on epoxy resin ED-20 and low-molecular
weight polyamide resin L-20 modified by liquid polysulfide rubber NVB-2. The
testing data has shown that the coating has high mechanical, environmental and
electrical durability.

Tir khéa: Nhua epoxy, nhwa polyamide, cao su polysulfide long, bién tinh,
[op phu.
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