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ABSTRACT

After extracting by mechanical (by hand) and machine methods, Neohouzeaua fiber was
treated by air plasma at atmospheric pressure with conditions of power 100W, frequency of 17
kHz and different treatment times (from I min to 7 min). SE M analyses showed that the fiber
surface become rougher after plasma treatment because of the effect of plasma bombardment and
etching. The testing on tensile strength and the interfacial shear strength (IFSS) showed that at the
optimal treatment time of 4 minutes: the tensile strength of neohouzeaua fiber increased 15.5
percent after air plasma treatment and treated fiber have cleaner surface. IFSS of the treated
fiber at 4 minutes increased 51.7% compared with untreated fiber. Unsaturated polyester (USP)
resin composites reinforced by neohouzeaua fiber submitted to air plasma treatment and
untreated and USP composites reinforced by hybrid neohouzeaualglass fiber mat were fabricated
using a vacuum infusion process (VIP). Mechanical test, SEM and water absorption
measurements of the composites have been investigated. These results reveal that atmospheric
pressure air plasma treatment is an effective method to improve not only the performance of
neohouzeaua fiber but also of UPS-neohouzeaua composites. With hybrid composites with ply-by-
ply structure and the content ratio of neohouzeaualglass of 40/60 (by weight) the received
materials has optimal properties, such as tensile, flexural and impact strengths improve 38.9%,

15.5% and 217.5% compare to PC-Neohouzeaua mat, respectively.

[— MO PAU

Su phat trién manh mé cha vat liéu polyme
compozit (PC) gia cudng bing soi tong hop da
dat ra nhiing thach thic to 16n d6i véi nhan loai
do su gia tang lugng chat thai khé phan hay vao
moi truong [1 — 4]. Chinh vi vay trong hai thap
ky gin day, viéc st dung soi tu nhién dé thay
thé¢ mot phan hodc toan bo cho sgi tdng hop da
va dang duogc cac nha khoa hoc quan tam nghién
ctru. Viéc mé rong nghién ctiu tng dung loai soi
tre ndi riéng va soi tu nhién néi chung vao linh
vuc vat liéu PC véi cdc loai nhua nén khic nhau
1a mot huéng tng dung méi khong nhitng dem
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lai hiéu qua kinh t€ cao ma con gép phan dang
ké viéc bao vé moi trudong.

Trong s6 nhiing sgi tu nhién duge st dung
gia cuong trong vat liéu compozit, tre nira la vat
liéu ¢6 ty trong thap va do bén co hoc cao, lai
sdn c6, ré tién, nguoén nguyén liéu doi dao co
kha nang tdi tao va phan hdy sinh hoc. Hién
nay, vat liéu PC soi tre/nén PEKN c6 nhiéu uu
diém nhu dé gia cong, gid thanh ré, tinh chat co
hoc kha t6t da dugc chi trong nghién ctu va dat
dugc nhitng thanh cong nhat dinh [9]. Tuy nhién
soi tre nia cling nhu céc loai sgi tu nhién khéc
déu c6 nhugc diém chung la do bam dinh véi
nhua nén kém, va tinh chét co hoc cua vat liéu



ché tao dugc con thap chua canh tranh dugc véi
PC cung loai gia cudng bing soi téng hop [5, 6,
10, 11].

Nhéim ché tao dugc loai vat liéu c6 tinh chat
co hoc thoa man yéu dat ra, da ti€n hanh ché tao
vat lieu trén nén nhua polyeste khong no
(PEKN) gia cudng biang sgi nta xir 1y bang
plasma lanh [7] va lai tao gita soi nta véi soi
thuy tinh.

I - THUC NGHIEM

1. Nguyén liéu

- Nhua PEKN loai 2211 N (Singapore).
Thong s6 k§ thuat: chi s6 axit 14 mg KOH/g
nhua; do nhét (20°C): 825 cP; ty trong: 1,18
g/cm’; ham lugng styren 42 PKL.

- Chat dong ran metyletylketon peroxyt
(MEKPO) (Trung Qudc).

- Ntta 14y tir Thanh Héa.

- Mat soi thuy tinh 300 g/m* (Trung Quéc).

- Axit axetic (Viét Nam).

- NaOH k¥ thuat (Trung Qudc).

2. Phuong phap nghién ciru
a) Ché'tao soi nita

+ Soi nita duge xt 1y theo phuong phép trinh
bay trong tai liéu [7, 8].

+ Soi nita dugc xur 1y bang plasma lanh

Qua trinh xtr 1y plasma dugc tién hanh tai 4p
sudt khong khi va nhiét do phong, véi thiét bi
tao plasma dugc ch€ tao tai Trung tam Nghién
ctiu Vat liéu Polyme, Truong Pai hoc Bach khoa
Ha Noi.
b) Phuong phdp ché'tao vdt liéu

Vat liéu dugc ché tao theo phuong phap hut
chan khong. Cau tao thiét bi th&m hit chan
khong (Vacuum Infusion Process - VIP) trong
phong thi nghiém vé co ban dugc mo ta trong tai
lieu [12].

Tam mat nita sau khi dugc chuén bi, sdy kho
(105°C trong 2h) va can khoi lugng roi dat vao

trong khuon (da dugc phu 16p chong dinh), dugc
dat 1én trén mot 16p chong dinh va dan nhua.
Ding mang PP phu 1én trén va dén kin 1én vién
xung quanh véi khuon bing keo dén cao su. Hiit
khong khi trong khuéon nho mdy hit chan
khong. Khi d6 tdm mat nita s& dugc tdm PP ép
chit Ién mat khuon. Kiém tra thdy khuon da that
su kin, m& van cho nhua thdm hit vao soi nho
Iuc hit chan khong. Theo d6i cho dén khi nhyua
dién gin diy khuon thi ngimg hit nhua bing
céch dong van hut nhua. Lic nay bom hit chan
khong van duy tri cho dén khi gel hda nhua, chd
dong ran sau 24h r6i thao khuon, 1ay san pham.
Da tién hanh ché tao nam loai mau nhu sau:
(1) PEKN + mat soi thay tinh; (2) PEKN + mat
soi ntta; (3) PEKN + mat sgi nia xu 1y plasma;
(4) PEKN + lai tao mat soi nifa/soi thuy tinh
theo ty 1& 40/60 va (5) 50/50 (theo khoi lugng).

3. Cac phuong phap xac dinh tinh chat co
hoc cua vat lieu PC

a) Do bén kéo

Do bén kéo dugc xac dinh theo tiéu chuin
ISO 527-1993, trén mdy INSTRON 5582-100
KN, clia My, t6c do kéo 5 mm/phiit & nhiét do
25°C, do6 4m 75%.

b) Do bén uon

MaAu do c¢6 hinh khoi thanh, kich thudc tiéu
chudn quoc t€ ISO178:1993. Do trén mdy
INSTRON 5582 - 100KN ctia My. Toc do kéo 5
mm/pht. Nhiét do 25°C, do 4m 70%.
¢) Do bénva ddp

Do bén va dap Charpy dugc xdc dinh theo
tieu chuan ISO 179-1993 (E), trén may Radmna
ITR - 2000 (Uc).

d) Khdo sadt cdu tric hinh thdi hoc bé mdt ciia
vdt liéu

Dé quan sat su thay déi hinh thdi hoc bé mat
ctia mau sgi nia va mau PC bi pha huy di tién
hanh chup miu trén kinh hién vi dién tr quét
(SEM) trén mdy JEOL JMS 5300 (Nhat Ban).

Phan tich d6 nham bé mat cta soi dugc thuc
hién bang kinh hién vi luc nguyén tir (AFM)
trén thiét bi AFM PSIA XE-100.
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I — KET QUA VA THAO LUAN

1. Anh huéng ctia diéu kién xir Iy plasma t6i

tinh chat cua soi niia

Soi nta thu dugce tir phuong phap tach co
hoc dugc xur ly plasma & di€u kién: tan s6 17

kHz; cong sudt 100 W; thoi gian xt 1y: 1, 3, 4,

5,6, 7 phit.

a) Bo bén kéo va médun dan hoi cia soi niia

Hinh 1 va 2 trinh bay két qua do do bén kéo
va modun dan hoi cta soi sau khi xtr 1y plasma
theo thoi gian khic nhau.
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Hinh 1: Do bén kéo cua sgi nita theo thoi gian xir 1y plasma

Tur hinh 1 nhan thay, do bén kéo soi nita tang khi tang thoi gian x{ 1y plasma, dén thoi diém
toi uu (4 phit) do bén kéo dat gid tri cao nhat, tang 15,5% so véi soi ban dau chua xt 1y. Khi qua
ngudng t6i uu ndy thi do bén kéo clia soi lai bat ddu giam, tham chi con giam nhe (2%) & 7 phiit so
v6i mau soi ban dau chua xtr ly. Lic nay cau triic bé mat sgi nita bi tdic dong manh, c6 thé bi pha
huy mot vai chd va viéc lién két gitta cac sgi don trd nén khong chat ché, dan dén do bén kéo giam

manh.
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Hinh 2: Modun dan héi cta sgi nia theo thoi gian xir 1y plasma
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b) Do bén bam dinh Interfacial Shear Strength (IFSS) cuia soi nita véi PEKN

Hinh 3 cho thay su thay déi cua IFSS cua soi nia theo thoi gian xt Iy plasma tai cong suét
100W. So sénh véi soi nita chua xir 1y, IFSS ting déng ké véi soi dugc xir 1y plasma. Cu thé tang it
nhat 35,5% (v6i thoi gian xur 1y 7 phit) va nhiéu nhat 1a 51,7% (v6i thoi gian xt 1y 4 phiit), két qua
cho thay IFSS tang khi tang thoi gian xr 1y plasma khong khi dén 4 phit va sau d6 lai giam. Vi vay
c6 thé gia thiét rang thoi gian x{r 1y plasma khi qud 4 phut s& gay ra mot vai su pha hily 16p bé mit

sOi nia.
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Hinh 3: Do bén bam dinh cua s¢i nita/PEKN theo thoi gian xtt Iy plasma

¢) Thay doi hinh thdi hoc bé mdt soi nita trudc
va sau xu ly plasma

Hiéu qua cua viéc xt ly plasma véi bé mat
sgi nita duoc thé hién 16 qua anh SEM (hinh 4).
Hinh thai hoc cuia sgi nita chua xur 1y (hinh 4a)
cho thdy con nhiéu manh nho céc tap chat bim
dinh vao, doc theo than soi c6 nhiéu vét ran.
Con véi soi nita duoc xur 1y trong thoi gian 4
phiit, su thay doi dugc thdy ro, bé mit soi kha
sach va dong nhat (hinh 4c). Tuy nhién khi kéo
dai thoi gian xtr ly dén 7 phit bé mat sgi trd nén
tho hon, cé nhiing vét nit va nhitng manh nho
xuat hién (hinh 4d).

Hién tuong ndy c6 thé duoc giai thich nhu
sau: trong plasma cé chia ciac goc, ion, photon
va nhiing dang bi kich thich khac. Nhiing dang
bi kich thich nay c6 thé 1a vat ly hoidc héa hoc
vGi bé mat nén soi t6i do sau vai chuc nm nho
hoat tinh cao cta chdng. Véi truong hop trén
trong thoi gian vira du (tir 3-4 phdt) ching da
bao mon bé mat soi dan dén bé mit soi tron

dong nhat, dong thoi loai bd cdc manh tap chat
ra khoi bé mat. Nhung khi thoi gian x{r 1y tang
(5 phut), viéc plasma “ban phd” va bao mon ti€p
tuc xay ra véGi cdc 16p soi ti€p theo, dan dén
nhiing vét nit va nhitng manh nhé mdéi.

Su thay déi hinh thdi hoc bé mat sau xir ly
plasma ciing ¢ thé duoc giai thich 1a do su bao
mon cuc bo cdc 16p bé mit. Su bao mon cuc bo
ndy 1a do toc do cét cha plasma vdi cdc ving
tinh thé va vo dinh hinh trén bé mat soi nia 1a
khéc nhau.

d) Hinh thdi hoc bé mdt soi nita trudc va sau khi
xu ly plasma

Dé c6 thé khao sit sau hon nita su thay déi
hinh thai hoc bé mat cha s¢i nita dugc xu 1y
plasma, phuong phap kinh hién vi luc nguyén tir
(Atomic Forc Microscopy-AFM) da duoc thuc
hién. Hinh 5 thé hién hinh thdi hoc bé mat clia
soi ban dau va soi da duoc xu ly plasma trong 1
va 3 phit.
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Ok ¥10,000 1un

Xir 1y 3 phiit (¢)

xit 1y 5 phut (d)

Hinh 4: Anh SEM chup bé mat s¢i nita chua xu ly
(a) va da xur 1y plasma 1 phiit (b), 3 phiit (c) va 5 phiit (¢) & cuong do 100W

Bé mat cua soi chua dugc xur 1y (5a) 1a tuong
do6i dong nhat hon so véi cdc mau da duoc xu 1y
plasma. Tur hinh 5b cho thay khi xur ly plasma,
bé mat soi da bat dau hinh thanh cdc vét 16i 16m
do su bao mon, cit got clia plasma. Khi ting
thoi gian xu 1y 1én 3 phat (hinh 5¢), bé mat sgi
¢6 do nham tang dan, rd nét va dong déu hon,
diéu nay cho thdy tdc dong bao mon clia plasma
cang 10 rét khi thoi gian xt 1y 1au hon. Nhu vay,
doi v6i soi da qua xt 1y kiém, plasma khong khi
da an mon bé mat sgi, tao nén do nham kha
doéng déu, tao diéu kién cho su bam dinh t6t hon
cta sgi v6i nhua.

e) Phdn trdam tén hao khoi luong soi sau xir ly
plasma

Phan tram t6n hao khéi lugng (%THKL)

dugc st dung nham ddnh gia tuong doi mic do
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tdic dong ctia su bao mon, cua plasma téi sgi
nda. Két qua cho thdy %THKL cta soi nita khi
tang thoi gian va cong sudt xu ly plasma.
%THKL cla soi tang khi tang thoi gian. Cu thé,
& cong suat 100W ton hao khdéi lugng soi nita
tang tir 1,36% (xir Iy 1 phit) t6i 3,26% (xir 1y 7
phit). Bén canh d6 c6 thé nhan thay %THKL
cling tang khi tang cong suit xr 1y plasma. Lay
vi du v6i cing thoi gian x{r 1y 12 4 phut thi t6n
hao khoi luong sgi nia 1a 2,90% (cong suat 100
W) tang 1én 3,53% (cong suat 150 W).

3. Nghién citu ché tao vat liéu PC gia cuong
bang mat nita va lai tao mat nita/thiy tinh

a) Ché tao vdt liéu polyme compozit theo
phiuong phdp VIP

Qua trinh ché€ tao miu compozit gia cudng



soi nia dugc tién hanh theo phuong phap VIP,
vGi cdc budc tién hanh dugc mo ta & phan thuc
nghiém, dp sudt chan khong dat dugc 1a 0,98
atm, thoi gian nhua dién ddy khuon tir 25 - 40
phiit, thoi gian may bom hit chan khong chay
(twong duong véi thoi gian nhua gel) 1a khoang
60 - 80 phuit.

Cac tdm mat nita c6 khoi lugng khoang
250 - 300 g/m’. Ham luong soi trong mau

Satistcs

compozit khoang 40% khoi luong.

+ Tinh chit co hoc cta vat liéu PC-soi nita

Dé ddnh gia hiéu qua clha viec xUr ly
plasma, hai mau PC (m,, = 40% khoi lugng)
duoc ché tao dé so sanh: mot gia cudng soi nita
khong xtr 1y va mot ¢6 xur 1y plasma. Két qua do
do bén cua hai loai vat liéu PC nay nhu trong
bang 1.
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Hinh 5: Anh AFM 3D bé mit soi nita trong qua trinh xtr Iy plasma khong khi.

(a-khong xr1y; b - xt 1y 1 phut; ¢ - xtr Iy 3 phuit)

Bdng 1: Tinh chét ctia mau PC gia cudng so¢i nita ¢ va khong xur 1y plasma

PC soi nita Do bén kéo, MPa Do bén uon, MPa Do bén va dap, kJ/m’
Khong xi 1§ 97,47 193,57 9,95
C6 xtr 1y plasma 110,83 216,64 15,01
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Tu bang 1 nhan thdy hiéu qua cta qua trinh
xtr 1y plasma t6i tinh chat cia PC. Cu thé: miu
c6 xu 1y plasma c6 do bén kéo tang 13,7%, do
bén uon tang 11,9% va dac biét 1a do bén va dap
tang t6i 51% so v6i mau PC khong dugc xtr 1y
plasma. D6 1a vi soi nia sau khi dugc xu 1y
plasma da tang do bén ciing nhu tang ding ké
kha nang bam dinh véi nhua nén, gitp cho viéc
truyén dng suat tot hon, dan téi tinh chat co hoc
tot hon.

+ Anh SEM ciia vat liéu PC-soi nita c6 va
chua c6 xtr ly plasma

D3 tién hanh chup anh SEM bé mat pha huy
duogc chup khi kéo dit clia mau compozit sgi
ntta chua xr 1y va ¢6 xt Iy plasma (hinh 6).

T hinh 6 cho thdy phin sgi nho ra ngoai
kh4 rd, & day c6 su khdc biét gitta mau PC chua
xu 1y va ¢6 xu ly plasma. Mau PC gia cuong sgi
nda chua xtr 1y (hinh 6a) cho thdy van con mot
vai diém khuyét tat thé hién & céc 16 réng va
phan sgi nho ra kha nhan va dai ching t6 bam
dinh bé mat gitta s¢i — nhua chua dugc tot.

Trong truong hgp PC gia cudong soi nia cé
xu 1y plasma (hinh 6b), baim dinh bé mat phan
chia pha gitta sgi va nhya kha quan hon nhiéu,
cédc soi dit gay ciing véi nhua nén, phan sgi nho

ra it so v6i mau soi chua xur 1y. Thong thuong,
khi mau PC bi ting suat nao d6 tdc dong thi phan
soi gia cuong ti€p nhan phan 16n luc tic dung,
khi sgi dit gdy méi dan dén pha hiy phan nhua
nén.

b) Anh hudng ciia ty 1¢ lai tao soi nitalthiiy tinh
tdi tinh chdt cia vdt liéu PC

+ Tinh chat co hoc cua vat lieu PC

Nhéim nang cao tinh chat co hoc ctia vat liéu
PC trén co s& nhuya PEKN gia cudng bang soi
nita, dong thoi tang kha nang chiu moi trudng
héa chat va gidm do hidt 4m cua vat liéu da tién
hanh lai tao mat soi nita v6i mat soi thay tinh.

Qué trinh tao miu duoc thuc hién bang
phuong phdp VIP, ty 1¢ lai tao sgi nia/thuy tinh
12 40/60 va 50/50 (khoi Iuong) theo kiéu xen ké
v6i 01 16p mat thiy tinh & hai mat ngoai. Cac
méu sau khi ché tao ¢6 tong ham lugng soi (nita
va thuy tinh) gia cudng khoang 40% khoi luong.
& day soi nita chua duogc xt 1y plasma. Két qua
do tinh chat co hoc cdc miu compozit dugc thé
hién & bang 2. Tt bang 2 cho thdy, su két hop
mat thiy tinh v6i mat nita da dem lai cho
compozit lai tao c6 tinh chat co hoc tang 1én 16
rét khi so v6i mau PC mat nia chua lai tao. Véi
ty 1é mat nita/thliy tinh = 40/60 cho do bén co
hoc t6t hon so véi ty 1& 50/50.

Hinh 6: Anh SEM bé mat ph4 hity khi kéo ctia PC gia cudng soi nita chua xit 1y (a) va
c6 xur 1y plasma (b)

Két qua bang 2 cho thdy, khi dua sgi thiy
tinh vao, mau PC lai tao ¢6 do bén kéo va
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modun cao hon mau khong lai tao. Khi ham
luong mat thiy tinh tang thi modun ciing tang.



Tuy nhién, c6 mot ngudng nao dé ma khi ham
lugng sgi thay tinh vuot qua nd thi tinh chat co
hoc ctia PC lai giam. O day, ty 1¢ mat nta/thiy
tinh 40/60 gitp vat liéu PC lai tao c6 tinh chat

co hoc t6t nhat. Cu thé do bén kéo tang 38,9%,
modun dan héi tang 28,3%, bién dang khi dut
tang 61,6% so v6i PC chi c¢6 soi nida. Tuong tu
vGi do bén kéo, PC lai tao ¢6 do bén uon tang so

Bdng 2: Anh hudng ctia ham Iuong soi thay tinh dén tinh chat co hoc clia compozit PEKN lai tao
mat nia/thuy tinh

Ty 1€ soi nita/thly trgz Do bén | Modun dan | Biéndang | Do bén bo dl;én va
tinh (khéi Iuong) M| kéo, MPa | héi, MPa | khi dit, % | u6n, MPa AP,
g/cm kJ/m
100/0 1,191 97.47 3674 8,380 193,57 9.45
50/50 1,372 125,07 4056 9,016 162,03 26,51
40/60 1,368 | 13540 4715 13,543 223,57 30,00
0/100 1,679 | 257,63 5940 9,497 333,03 28.83

v6i PC khong lai tao 1a 15,5% & ty 1& nita/thuy
tinh 40/60. Do bén va dap cta PC lién quan truc
ti€p t6i do dai cua ca vat lieu. Do bén dai phu
thudc vao céc thong s6 nhu do bén gitta cic 16p
cling nhu do bén ctia bé mat tuong tic gitta soi
va nhua. Khi ty 1 nia/thuy tinh 1a 40/60 do bén
va dap cua vat liéu tang t6i 217,5% so véi PC -
soi nita, dac biét con cao hon PC - sgi thuy tinh
1a 4,1%.

Nhitng két qua nay da ching minh 15 rang
su hiéu qua cua viéc lai tao soi nita/thly tinh,
dac biét 1a & do bén va dap vi day la tinh chat
y&u nhit cua PC sgi tu nhién ndi chung va sgi
nda noi riéng. Bén canh do, tir bang 2 cho thay
ty trong vat liéu lai tao nia/thuy tinh 40/60 chi
tang 15% so vGi PC sgi nita song tinh chat co
hoc thi di tang ding ké. Trong vat liéu
compozit, khoi lugng ciing 12 mot yéu t6 quan
trong nham dénh gia, lya chon vat liéu.

¢) Anh SEM ciia vt liéu PC lai tao soi nita/thiiy
tinh

Dé c6 thé hinh dung vé bé mait tuong tdc
gilta sgi-nhya trong cdc mau PC, cic mau sau
khi do do bén kéo dit duoc dem di chup anh
SEM bé mit pha hity (hinh 7).

Tir hinh 7 cho thdy, mau PC PEKN/sgi
ntta (hinh 7a) c6 sy bdm dinh giita nhua va soi
kém nén dan tG6i bé mat soi nho ra khd nhin va

dai. Con v6i mau PEKN/sgi thuy tinh (hinh 7d)
su bam dinh sgi-nhua t6t hon nhiéu.

Véi hai mau PEKN/lai tao s¢i nda/thuy
tinh, & ty 1& 40/60 (hinh 7¢) c6 thé thay su bam
dinh t6t hon so vdéi ty 1& 50/50 (hinh 7b), phan
dau céc soi nho ra it hon va c¢6 nhya bim xung
quanh nhiéu hon

IV — KET LUAN

1. Da tién hanh xtr 1y soi nia bang plasma
khong khi & nhiét do thuong két qua cho thdy
tang dang ké tinh chat co hoc cha sgi. Véi thoi
gian xu 1y plasma 1a 3 - 4 phit cho két qua t6t
nhit: sgi ¢6 do bén kéo tang 15,5%, do bén bam
dinh IFSS v6i PEKN tang 51,7% so véi soi
khong xu 1y plasma. Bén canh d6, %THKL cho
thay anh hudng bao mon cua plasma t6i bé mat
soi nira 1a ro rét.

2. Xt ly plasma khong khi & nhiét do thudng
b6 sung cho bé mit s¢i nita nhin hon, ting kha
nang tuong hop tot véi nhua nén PEKN. Vat liéu
PC mat ntta ¢6 xt 1y plasma tang do bén kéo
13,7%, do bén uon 11,9% va dac biét do bén va
dap t6i 51% so v6i mau khong xur 1y.

3. Da tién hanh ché tao vat liéu PC lai tao
mat nita v6i mat thay tinh theo kiéu xen k& bing
phuong phéap tham hdt chan khong (VIP) véi ty
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1é¢ mat nita/mat thuy tinh = 40/60 va 50/50 (theo
khai luong). Ty 1¢é 40/60 cho tinh chat co hoc tot
nhat: do bén kéo tang 38,9%, do bén udn ting

o i

e

228

I =P

e

15,5% va dac biét tang do bén va dap khong
nhiing tang 217,5% so v6i PC — mat nta ma
con tang nhe hon 4,1% so v6i PC-mat thuy tinh.

Hinh 7: Anh SEM bé mat phd hiiy khi kéo ctia PC gia cudng véi ty 1& mat nita/thiy tinh:
100/0 (a), 50/50 (b); 40/60 (c); 0/100 (d)
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