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Tém tat

Metyl hexahydro phtalic anhydrit (MHHPA) duoc st dung lam chét déng rén cho dau ddu nanh epoxy héa
VvGi swr cé mét cua xac tac metyl imidazon (NMI) . Anh hudng ctia ham lwong MHHPA, NMI, glyxerin va &3
nhiét dé téi qua trinh dong rén dau dau nanh epoxy héa da dwoc nghién ctru théng qua nhiét téa ra cla
phén tng déng rdn. Phén tich nhiét vi sai DSC da duoc st dung dé tinh todn mirc do déng ran theo thoi
gian cho hé déu déu nanh epoxy héa — MHHPA véi su c6 mét ciia NMI va glyxerin. Diéu kién déng ran t6i
WU Nepoxy/NvHrpA: 1,05/1; NMI: 2% (mpen-g + Munrpa); glyxerin: 1,5% (moon-e + mMHHPA) 165°C, 40 phut) duwoc
st dung dé ché tao dé nhan tao nhua nén dau ddu nanh epoxy hoa. Két qua vé céc tinh chat cla dé nhan
tao m& ra huéng thay thé nhua polyeste khéng no déc hai bdng ddu dau nanh epoxy héa than thién méi
trong trong ché tao dé nhén tao.

Tl khoa: Dau dau nanh epoxy héa, MHHPA, imidazon, da nhan tao, mirc d6 déng ran
Abstract

Methylhexahydrophthalic anhydride (MHHPA) is used as the hot curing agent for epoxidized soybean oil
with the presence of methyl imidazone (NMI). Effect of MHHPA, NMI, glycerine content and temperature on
the hardening process were studied through the peak exothermic temperature of curing reaction. Moreover,
differential scanning calorimetry analysis (DSC) was used to calculate a curing degree over time for
epoxidized soybean oil-MHHPA system with the presence of NMI and glycerine. The obtained optimal
conditions (Nepoxy /NmHHPA: 1.05/1; NMI: 2% (mpen-e + Mmunpa); glycerine: 1.5% (Mpan-E + MunnpA); 165°C, 40
minutes) was used for manufacturing the engineered stone. The results of characterizing of this stone
showed that this study could open up the new pathway of replacing a hazardous unsaturated polyester resin

with the environment-friendly epoxidized soybean oil in manufacturing the engineered stone.
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1. Mé dau

Cing gidng nhu nhya epoxy tong hop c6 nguon
gde tir dau mo, nhya epoxy co ngudn gdc tir ngudn tai
tao - dau thuc vat epoxy hoa (EVO) ciing dugc khau
mach tao ciu tric khong gian ba chidu. Qué trinh
dong ran nhya EVO 1a sy hinh thanh lién két thong
qua phan tng trung hop tung bac. Do d§ phan cuc
ctia lién két C-O nén nguyén tir C ctia vong oxiran s&
thiéu hut eletron va hinh thanh vi tri hoat dong dbi
v6i phan ng nucleophil trong khi nguyén tir O giau
electron lai c6 kha nang vao vi tri phan Ung
electronphil. Téc do dong ran EVO phu thudc vao
nhiét do, tic nhan déng ran va co ché ciing nhu loai
va s6 lugng nhom epoxy cb mit trong EVO.

Di c6 rat nhidu cac cong trinh nghién ctru vé
hoat tinh cua EVO vdi cac hudng ti€p cén khac nhau
nhung déu co6 két ludn giong nhau d6 la do su che
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chin khong gian va nhom thé ankyl ddy electron nén
nhom epoxy ndi mach trong EVO (nhém epoxy trong
EVO nam ¢ giita mach - goi 1a nhoém epoxy noi
mach) it hoat tinh hon nhém epoxy trong nhya epoxy
¢6 ngudn gbc tir ddu mo (nhom epoxy nim o dau
mach - goi nhom epoxy ngoai mach). Vi viy, tbe do
phan mg cta EVO véi chit dong ran nucleophin thap
hon nhung vé6i chat dong rén electrophil lai cao hon
so voi nhom epoxy ngoai mach. Do d6 EVO phan
tmg dic biét cham voi chét dong rin polyamin.
Khong nhitng thé, hoat tinh cia nhém epoxy trong
mot $6 loai EVO con giam hon nira néu ham lugng
nhoém oxiran thap. Trong mot sé truong hop ung xu
dong rén cia EVO tuong ty nhu epoxy vong no hon
la epoxy dian. Chinh vi vay, polyaxit va dan xuat
anhydrit voi sy c6 mdt cia xuc tac cation thuong
duoc str dung dé dong rin EVO [1].

Anhydrit 13 tic nhan dong ran chinh cho EVO
do kha nang phan ung ctia chung véi nhoém epoxy ndi
mach. Phan ng cta anhydrit véi nhém epoxy bao
gém mdt loat cac phan ung phuc tap va cach tranh
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nhau dién ra cuing mot thoi diém [2]. Néu khong c6
mit xtc tac phan tmg dién ra cham va khong triét dé.
Dudi didu kién cia xuc tic nhu amin bac 3 hodc
imidazon phan tng dién ra nhanh hon [3]. Co ché
khoi dau cung véi amin bac 3 hodc imidazon réat phirc
tap va chua duoc thong nhét. Theo S. G. Tan va W.
S. Chow: (1) xtic tac phan Gng véi anhydrit tao ra
anion cacboxyl, (2) ion cachoxylat nay sau d6 méi
dong vai tro nhu nucleophil dé m¢ vong epoxy sinh
ra anion alkoxit, (3) anion alkoxit nay lai quay tr¢ lai
m¢ vong nhém anhydrit va tiép tuc sinh ra anion
cacboxylat... va két qua 1 hinh thanh nhua epoxy da
dong ran [4]. Nhung theo Giinter Wuzella co ché
dong rin dau lanh epoxy hoa bang nadic metyl
anhydrit va xac tdc imidazon qua ba giai doan: (1)
budc khoi dau imidazon phan mg véi nhém epoxy,
(2) budc este hda va (3) budce ete hoa [5]. Con voi
Dean C. Webster c6 ba phan tmg khoi ddu c6 thé xay
ra: (1) phan ing cua nhém epoxy va amin bac 3, (2)
phan tng ctia nhém HO-C- v6i nhém anhydrit va (3)
phan rng cua amin bac 3 véi nhom anhydrit [6].

Cong trinh nay tap chung vao nghién clru anh
huong cia chit dong ran, xuc tac, nhiét do, thoi
gian... dén qua trinh dong ran dau dau nanh epoxy
hoéa (DDN-E) dé tir d6 tmg dung 1am nhwa nén cho
san xuét d4 nhan tao.

2. Thuc nghiém
2.1. Nguyén li¢u

Diu dau nanh epoxy héa dugc tong hop tai
trung tdm Polyme dai hoc Bach khoa Ha Noi tir dau
dau nanh Viét Nam c6 chi s6 i6t 131 cglo/g. Mubi
Na; WO, cia Merck (buc). HaPOs 85% Viét Nam).
Thubc thir Wijs ciia Merck (Pirc). Axit bromic 33%
cia Sigma-Aldrich (M¥y). Hydro peroxit 30% cua
Xilong (Trung Qudc). Metyl hexahydro phtalic
anhydrit (MHHPA) (M¥), 1- metyl imidazon (NMI),
glyxerin (Trung Qudc) va mot sé hoa chat khac.

2.2. Phuong phadp nghién cuu
2.2.1. Phan tich dau ddu nanh epoxy héa

Chi sé oxy-oxiran va chi s i6t duoc x4c dinh 1an
luot theo tiéu chuin ASTM D5768 va ASTM
D1652. Ti trong dugc xac dinh béng ti trong ké 25ml
(Trung Qudc). Po nhét va chiét sudt lan luot duoc
do trén nhét ké Brookfield Model RVT (M) va may
Atago 1T (Nhat Ban).

2.2.2. Cdc phirong phdp nghién civu dong ran

Phuong phéap toa nhiét cuc dai dugc thuc hién
theo tiéu chudn ASTM D2471. Phuong phéap xac dinh
mirc 46 déng ran bang phan tich nhiét vi sai (DSC)
dugc xéc dinh theo tiéu chudn ASTM E 2160.

2.2.3. Phurong phdp ché tao dda nhan tao

) ba nhép tao dugc ché tao tai cong ty cd phﬁn da
op lat cao cap Vicostone ¢ Viét Nam theo dung quy
trinh ctia cong ty.
2.2.4. Phwrong phdp xdc dinh tinh chat da nhén tao
Do hép thu nude, do bén gén, dd bén va dap, do
chiu rqéi mon sau, do cung b@: mat Mohs duogc xac
dinh lan luot theo tiéu chuan EN-14617-1, EN-
14617-2, EN-14617-4, EN-14617-9, TCVN 6414-18.
3. Két qua va thao luin
3.1. Tong hop, dic trung dau ddu nanh epoxy héa
Tién hanh tong hop diu dau nanh epoxy héa véi
ti 1¢ thanh phan nguyén li¢u va diéu kién phan tng
theo tai liéu [7]. San pham sau khi rira sach, say kho
tién hanh phan tich cac tinh chat dac trung, két qua
nhén dugc trinh bay trén bang 1.

Bang 1: Thong sb dic trung ddu dau nanh epoxy hoa

Thong sb Dau dau nanh epoxy héa
Chi s oxy-oxiran (%) 6,68
Chi s i6t (g2/100g) 75
Ty trong 20°C 1,02
Chiét suét 1,471
Do nhdt (cP) 20°C 375

Tir bang 1 nhan thy, san pham diu dau nanh
epoxy hoa nhan dugc cd chi $6 oxy-oxiran dat 6,68
%. Néu tién hanh quy ddi chi s6 oxy-oxiran sang ham
lwong nhom epoxy thi san pham nhan dugc ¢6 ham
lrgng nhém epoxy dat 17,95%.

3.2. Nghién civu déng rin ddu ddu nanh epoxy héa
3.2.1. Nghién ciru phan tmg déng rdn
a. Anh hudng cta nhiét do thuc hién dong ran

Tién hanh dong ran DDN-E sir dung hé déng
rin  MHHPA, NMI, glyxerol theo ty 1& mol:
Nepoxy/Murpa 13 1,05/1; khoi lugng NMI 1a 2% tong
khéi lwong cia DDN-E va MHHPA (Mppne +
Murnea); Khdi lwong glyxerol 13 1,5% (mppne +
Murnpa). Qué trinh déng rédn dwoc thuc hién & cac
nhiét do tir 140°C dén 170°C. Nhiét do toa ra do phan
{mg dong rén do trong long khéi miu dwoc trinh bay
trén hinh 1.

Tt hinh 1 nhan thdy, khi thyc hién dong ran dau
dau nanh epoxy hoa ¢ 140°C, nhiét do trong long
khéi miu tang cham va dat nhiét d6 cuc dai 156,6°C
sau 11,25 phut thyc hién dong ran, tuc 14 ting 16,6°C
S0 V&i nhiét d6 thuc hién phan tng dong rin. Ting
nhiét 6 thuc hién dong ran toi 150°C, nhiét d6 trong
1ong khéi miu tang nhanh hon mét chut va dat nhiét
do cuc dai 171,3°C sau 9,25 phut thuc hién dong rén.
Trong trudng hop nay, nhiét do trong long khéi mau
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tang 21,3°C 50 V6i nhiét do thyc hién dong ran, ching
t6 phan ng dong ran dau déu nanh epoxy héa dien ra
manh hon khi thyc hién dong ran & 140°C.
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Thei gian, phat
Hinh 1. Anh hudng cta nhié¢t o thuc hién dong ran

Tiép tuc tang nhiét d6 thuc hién doéng ran toi
160°C va 170°C, nhiét do trong long khdi miu déu
tang nhanh va dat nhiét d§ cuc dai lan luot tai
186,7°C va 189,5°C chi sau 7 phut thyc hién dong
ran. Chimng t6 v&i khoang nhiét d6 thuc hién dong rin
nay phan tng dong rén dién ra rat manh liét. Nhiét do
thuc hién dong rin tang tir 160°C t6i 170°C, thoi gian
dat nhiét d6 cuc dai déu sau 7 phut thyc hién dong
ran nhung lai 1am ting khong nhiéu nhiét d6 cyuc dai
(tr 186,7°C t6i 189,5°C). Chénh 1éch gitra nhiét do
cuc dai va nhiét d6 thuc hién dong ran lan luot 1a
26,7°C (v6i nhiét d6 thuc hién dong ran 160°C) va
19,5°C (v6i nhiét do thyc hién dong rin 170°C)
ching t6 160°C cho phan mg dién ra manh liét hon.
Vi vady chon 160°C lam nhiét d6 dong ran dau dau
nanh epoxy héa cho nghién ciru tiép theo.

b. Anh huéng ciia ham lugng MHHPA

Tién hanh dong ran DDN-E sir dung hé dong
ran MHHPA, NMI, glyxerol theo ty 1&: Nepoxy/NMHHPA
1a 1/1; 1,05/1; 1,1/1 khéi lugng NMI 14 2% (Mppn-g +
Munrea); Khdi Tugng glyxerol 1a 1,5% (Mppne +
Murnpa). Qua trinh dong rin dwoc thuc hién & nhiét
d6 160°C. Nhiét do toa ra do phan tmg dong ran do
trong 1ong khdi mau duoc trinh bay trén hinh 2.

Tir hinh 2 nhan thay, véi ti 1¢ mol epoxy cua dau
dau nanh epoxy hoa va MHHPA tuong duong (1/1)
thi sau 9 phut nhiét thyc hién déng rin nhiét do cuc
dai dat 181,3°C, tang 21,3°C so véi nhiét do thuc hién
dong ran. Tang ti 18 Nepoxy/NMHHpa t6i 1,05/1, thoi gian
nhiét d6 dat cuc dai 186,7°C giam xudng con 7 phut
nhung chénh 1éch so véi nhiét do thyc hién dong rin
ting t6i 26,7°C ching to ti 1€ Nepoxy/Nmunea 12 1,05/1
cho kha ning déng rén cao hon ti 18 1/1.

Tlép tuc tang ti 1é nepoxy/nMHHpA toi 1,1/1, thoi
gian nhiét do dat cuc dai 185,3°C lai tang téi 9 phut
trong khi chénh 1éch nhiét do so vai nhiét do thyc
hién dong ran lai giam con 25,3°C. Diéu nay cho thiy
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ti 18 Nepoxy/NmHrea 14 1,1/1 cho kha ning dong ran kém
hon so véi ti 1& 1,05/1 vi vay ti I€ Nepoxy/NmHHpA
=1,05/1 dugc chon dé thyuc hién cac nghién cuu tiép
theo.
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Thei gian, phat
Hinh 2. Anh huong cua ham lugng MHHPA
¢. Anh huong ctia ham lugng NMI

Tién hanh dong rin dau d4u nanh epoxy hoa st
dung hé déng rin MHHPA, NMI, glyxerol theo ty 1¢:
Nepoxy/MvHkpa 13 1,05/1 khéi lwong NMI 1a 1,5; 2; 2,5;
3; 3,5% (Mppn-e + Munrea); khdi luong glyxerol 1a
1,5% (Mpon-e + Munrpa). Qué trinh dong ran duoc
thyc hién & nhiét 6 160°C.
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Hinh 3. Anh hudng ctia ham lugng NMI

Ttr hinh 3 nhén thdy, véi ham luong xuc tac thip
(1,5%), sau 9 phit thuc hién dong rin nhiét do dat
cuc dai 184,1°C tang 24,1°C so vai nhiét do thyc hién
dong ran. Tang ham luong xuc tic NMI téi 2%, thoi
gian déng rin dé dat nhiét do cuc dai 186,7°C rit
xudng con 7 phat va chéch léch nhiét do khi do 1a
26,7°C, cao hon 2,6°C so vai truong hop 1,5% NMI.
Diéu nay cho thdy 2% xiic tac NMI cho kha ning
dong ran cao hon. Tiép tuc ting ham lugng xiic tac
tdi 2,5%, ciing sau 7 phut thyc hién dong ran, nhiét
do dat cuc dai 187,5°C, cao khong nhiéu so véi khi
thuc hién véi 2% NMI ching té 2% va 2,5% NMI
cho kha nang xtc tadc nhu nhau cho qua trinh dong
rin dau dau nanh epoxy héa. Chon ham lugng xuc tac
2% NMI cho nghién ctru tiép theo.

d. Anh huong cua ham lugng glyxerin
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Tién hanh déng ran & 160°C dau dau nanh
epoxy hoa sir dung hé dong rin MHHPA, NMI,
glyxerol theo ty 1&: Nepoxy/Nmnrpala 1,05/1, khdi lugng
NMI 1a 2% (mppn-e + Murnpa); khdi Tugng glyxerol
1a 1; 1,5; 2% (Mppn-£ + MuHHPA).
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Thei gian, phat

Hinh 4. Anh huong cua ham lugng glyxerin

Hinh 4 cho thiy, v&i moi ham lugng glyxerin
thoi gian thyc hién dong ran dat nhiét do cuc dai déu
vao khoang 7 phut nhung véi ham luong glyxerin 1%
nhiét d6 cuc dai dat 179°C, thap hon so véi khi dong
rin véi ham luong glyxerin 1,5% (186,7°C) va 2%
(186,3°C). Vi ham lugng glyxerin 1,5% va 2% cho
ca thoi gian thuc hién dong ran dat nhiét d6 cuc dai
va ca nhiét do cuc dai rat gén nhau nén chon ham
lugng glyxerin 1,5% cho qua trinh dong rin dau dau
nanh epoxy hoa.

Két qua nghién ctru myc b, ¢, d. cho phép rat ra
ti 1€ thanh phan nguyén li¢u t6i vu cho qua trinh dong
ran dau dau nanh epoxy hoa:

- Nepoxy/Mmnrpa: 1,05/1
- NMI: 2% (Mppn-E + MMHHPA)
- Glyxerin: 1,5% (Mppx-e + MuHHPA)
3.2.2. Nghién civu mikc dp dong rdn
Muc do dong ran cua dau d4u nanh epoxy héa
véi chat dong ran MHHPA, xtc tac NMI véi su ¢
mat cia glyxerin theo thoi gian dugc nghién ctiru bang
phuong phap phan tich nhiét vi sai quét.
Muc d¢ dong ran duoc tinh theo cong thuc:

AHp — AH
T R % 100%

T Tany

Trong do: AHr la téng entanpy cua phdn #ng vdi mdu chua
dong ran AHR la nhiét con lgi cua phdn ing véi mau da
déng rdn mét phdn trong mét thoi gian nhdt dinh.

Phéi tron diu dau nanh epoxy héa, MHHPA,
NMI va glyxerin theo ti I8 ti wu & muc 3.2.1. (goi tt
12 hé nhya nén) va tién hanh phén tich DSC trén may
NETZSCH STA 409 PC cua buc tir nhiét d6 phong
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t6i 300°C voi toc do tang nhiét 10°C/phat. Két qua
phén tich trinh bay trén hinh 5.

Két qua vé toa nhiét cuc dai & muc 3.2.1.a. da
cho thdy khi thuc hién dong ran tai nhiét d6 160°C
hay 170°C thi nhiét d6 cuc dai déu dat dugc sau 7
phit thuc hién dong rin. Nhung khi xét vé mac do
chénh 1éch nhiét o cuc dai so véi nhiét @6 thuc hién
dong ran thi 160°C cho kha nang déng rin cao hon.
Tuy nhién, dé xac dinh chinh xac hon nita nhiét do
dong rén thich hop cho dau dau nanh epoxy héa bang
MHHPA va xuac tac NMI véGi su ¢6 mat cua glyxerin
phai dia vao két qua phan tich DSC.

0,1
1

D . AT\
g0 /
3 165
B -0,3 \
%]
a}

-0,5 ¥

-0,7

0 100 200 300 400
Temperature/oC
Hinh 5. Gian d6 phan tich DSC

100
A3
~,§ 75 89,21 91,46 92,47
(=]
~g 50 67,5
o / '
«O-
.-}
g 25
=

0 T T T T
0 20 40 60 80 100
Thei gian, gio

Hinh 6. Mtrc do dong ran

Hinh 5 cho thdy, trén gian do phéan tich DSC
xuét hién dinh pic tai nhiét d6 165°C ching t6 phan
{mg dong ran dau dau nanh epoxy héa boi MHHPA
va xuc tac NMI véi sy c6 mit cta glyxerin dién ra
ménh liét nhat tai nhiét d6 165°C.

Tién hanh dong rin mot phﬁn hé nhya nén tai
165°C trong thoi gian 5, 10, 20, 40, 60 va 90 phut.
Maiu sau khi dd dong ran mot phan dugc dem phan
tich DSC va xac dinh nhiét con lai cua phan ung dong
rin AHg;. Két hop cac gia tri AHgi voi tong entanpy
cua phan tmg dong rin AHr dé tinh toan mirc d6 dong
ran. Két qua tinh toan trinh bay trén hinh 6.

Ttr hinh 6 nhan thy, sau 40 phut thuc hién déng

rin hé nhya nén da khau mach tao mang khong gian
duoc 89%, tang thoi gian dong ran, muc dd tao mang
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khong gian tiép tuc tang nhe t&i 91% sau 60 phut va
92% sau 90 phtt.

3.3. Nghién cvwu da nhdn tao

Tién hanh ché tao d4 nhan tao tai cong ty cb
phian da p lat cao cép Vicostone & Viét Nam voi
thanh phan nhya nén theo ti 18 t6i wu & muc 3.2.1. tai
nhiét do 165°C trong thoi gian 40 phut. Ngoai ra con
st dung thanh phén ¢6t (hat thach anh) va mot sd phu
gia khac cua cong ty Vicostone vdi ti 1¢ thanh phan
theo don phdi liéu san xuit cia cong ty. Da nhan tao
nhan duoc duoc dem chudn bi mau dé xac dinh cac
tinh chat dic trung ciia da. Két qua phan tich trinh
bay trén bang 2.

Bang 2. Cac tinh chit ddc trung ctia ¢a nhén tao

Y a Pa nhan tao

Chi tiéu A B C D
Do hap thu nudc, <0,04
% < 0,06 |< 0,027 (Wa) 0,025
Pobénvadap,J | >4 >5 - 5,74

. >
D6 bén uon, MPa| > 40 >57 ZFA;)) 48,5
P06 mai mon siu, <205
mm? <175 | <175 (As) 147
Do cung bé mat, ) i
Mohs z 6 !

A: Dd nhdn tao nhua nén PEKN - Essastone Cong Hoa Séc
B: Pd nhan tao nhwa nén PEKN - Vicostone Viét Nam

C: Tiéu chudn vit liéu 6p lat Chau Au EN15285:2008

D: Dd nhén tao nhya nén dau ddu nanh epoxy hoa

Tir bang 2 nhén thay, ngoai trir d6 bén udn, cac
tinh chat dic trung khac cua da nhan tao st dung
nhwa nén dau dau nanh epoxy hoa tu tong hop déu
dat va vuot so voi yéu ciu ddi v6i dé nhan tao nhua
nén polyeste khong no (PEKN) cia cong ty
Vicostone Viét Nam. Nhung tit ca cac tinh cht dic
trung déu vuot so voi yéu cau ddi v6i da nhan tao
nhya nén PEKN ctia cong ty Essastone Cong Hoa
Séc. Pac biét, ca do hép thu nude, do bén udn va do
bén mai mon siu cua da nhan tao nhwa nén dau dau
nanh epoxy hoa tu tong hop khong nhiing dép tmg
ma con vuot xa so voi yéu cau vé do hap thu nudc
loai W, d6 bén udn loai F4 va d6 mai mon sau loai
A, — day 1a cac cAp do yéu cau ngit ngéo nhét dbi véi
vét liéu da nhan tao theo tiéu chudn vat lidu &p lat
Chau Au EN - 15285:2008.
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4. Két luan

Pa tim dwoc ti 1€ thanh phén (Nepoxy/NMHHPA!
1,05/1; NMI: 2%(mpex-e + Muvnnea); glyxerin: 1,5%
(Mppxe + MuHHPA) Va diéu kién t6i wu (165°C, 40
phuat) cho déng ran diu d4u nanh epoxy hoa.

D4 nhan tao dugc ché tao tir dau dau nanh epoxy
hoa ¢ cac tinh chat dic trung dap tmg duoc yéu cu
d01 v6i vat liéu da nhan tao theo tiéu chuan vat li¢u
op lat Chau Au EN - 15285:2008. Vay nén két qua
cong trinh nghién ctru gép phan mo ra huong thay thé
nhya polyeste khong no doc hai ¢6 nguon goc tir dau
moé bang dau déu nanh epoxy hoa c6 ngudn gbc tai
tao trong san xuat d4 nhan tao than thién moi truong.

L&i cam on: Cong trinh duoc hd trg boi PTN Trong
diém Polyme & Compozit, Truong Pai hoc Bach khoa Ha
Noi, d& tai T2016-DT-04-PTNTD, Trung tim nghién ctru
va phat trién (R&D center) cta cong ty ¢b phin Vicostone,
sinh vién Phan Ngoc Quy va Nguyén Thi Hién.
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