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ctru cua ngudi khac di duge dan ngudn day du, rd rang tai vi tri trich dan va tai danh
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chinh t6i1, chua dugc nguoi khac cong bo trong bat cir mdt cong trinh nghién ctru nao.
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Nguodi cam doan
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Trudce ti€n, t6i xin gui 101 cdm on chan thanh nhéat dén TS. Pham Anh Tuén,
ngudi thay truc tiép huéng dan, dinh huéng nghién ctru va tao moi diéu kién thuan
loi nhét dé toi hoan thanh luan van. Xin cam on thay da luén dong hanh, dong vién,
khich 18 ca vé& chuyén mon 1an tinh than trong sudt qua trinh em hoc tip va nghién
cuu.

Tiép theo, toi xin trin trong cam on Ban Lanh dao Cong ty C6 Phan Tap doan
Phuong Hoang Xanh A&A, Ban Gidm hi¢u Truong Pai hoc Phenikaa, Khoa Cong
nghé sinh hoc, Hoéa hoc va Ky thuat moi truong da danh sy quan tadm va tao diéu kién
cho hoc vién trong qua trinh hoc tap va cong tac tai truong.

T6i ciing xin ddc biét cam on TS. Ha Thu Hudng, cac dong nghiép tai Nha
may Hoa chit Phenikaa va Trung tdim Polymer di hd tro nhiét tinh trong qué trinh
thuc nghi¢m gitp t61 hoan thanh luan van ding thoi han.

Loi két, xin gui 10i cam on dén gia dinh than yéu da luon 13 diém tya ving
chéc, noi giéng bio dimg lai sau canh cira, dong luc gitip t6i vuot qua moi khé khin

dé di dén dich.

Tac gia

D6 Duy Khanh
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MO DAU

1. Ly do chon dé tai

Trong s6 cac loai nhya tong hop thi nhua polyester khong no (PEKN) 1a loai
nhwra nhiét rin duoc Gmg dung rong rai, phd bién ngay nay va ké ca trong tuong lai.
Polyester khong no c6 ban chét 1a nhua nhiét rin véi tm quan trong dac bi¢t sanh
ngang véi nhua epoxy nhung lai duoc san xuat v6i khdi lwong 16n, gia thanh thap va
tinh chét co Iy cua nhwa sau dong rin twong doi tot nén duoc tng dung rong rii trong
nhiéu linh vuc. Pac biét trong cong nghiép vat li¢u composite, nhya PEKN 1a loai
nhua nén phé bién nhat, chiém 80% san luong nhya nén nhiét rin [1]. Tuy nhién,
nhua PEKN ¢6 nhuge diém 1a kha nang chiu tia tir ngoai (UV) va bén thoi tiét kém
do trong phan tir ciia nhya chira cac lién két doi kém bén d& bi bién ddi dudi tac dong
ciia moi trudng. Piéu nay khién cho nhya PEKN kho duoc tng dung vao cac cong
trinh ngoai troi, doi hoi do on dinh cao. Dé giai quyét van dé trén, hoat dong bién tinh
nhira PEKN theo hai huéng st dung phu gia chiu UV hoic thay dbi thanh phan ciu
tric nhya dang ngay cang dugc quan tdm nghién ctru [2]-[4]. Trong d6, phuong phap
bién ddi cAu tric ¢6 wu diém cho hiéu qua cao, dé dang thuc hién, san phém thu duoc
c6 tinh chat 6n dinh nén thuong duge sir dung hon. Mot s nghién ciru gan day cho
thdy, carbon den va graphene oxide khi thém vao thanh phan nhwa PEKN c6 thé cai
thién kha ning chiu UV [5], [6]. Tuy nhién, cac chit nay c6 nhuoc diém giy mau cho
nhya sau khi bién tinh, 1am mét tinh trong sudt ciia san pham, anh huéng t6i kha nang
mg dung sau ndy. Trong khi d6, sir dung acid/anhydride chira mach vong no dé thay
thé ciu triic vong thom trong nhya PEKN khong chi cai thién kha nidng chiu UV ma
con khong gay anh huéng dén ngoai quan san pham [4], [7]. Do d6, dé tai "Nghién
ciru dnh hwong ciia mét sé anhydride acid dén qud trinh tong hop va tinh chit ciia
nhwa polyester khéng no" duoc tién hanh voi muc dich tim kiém thay thé ciu tur
truyén thong 13 anhydride phthalic chtra vong thom béang cac acid no hodc anhydride
vong no nham cai thién tinh chat cho nhua PEKN.

2. Muc tiéu nghién ciru



2.1. Muc tiéu chung

Tong hop nhya PEKN bing mot sé anhydride acid nham cai thién kha ning
chiu tia tir ngoai va ting cuong tinh chit co Iy cho nhya, ddng thoi danh gia anh
huong cta viée bién tinh dén cac chi tiéu ky thuat trong qua trinh polymer hoa.
2.2. Muc tiéu cu thé

- Tang kha ning chiu tia tir ngoai cho nhya PEKN béng cach thay thanh phan
phthalic anhydride trong nguyén liéu bang tetrahydrophthalic anhydride va
methylhexahydrophthalic anhydride.

- Tang co ly tinh cho nhya PEKN bang cach thay thanh phan phthalic
anhydride trong nguyén liéu bang adipic acid.

- Péanh gia su thay d6i cac thong s trong qua trinh tong hop nhya & ting ty 18
bién tinh.
3. P6i twong va pham vi nghién ciru
3.1. Poi twong nghién ctru

Nghién ctru tién hanh trén mau nhiwa PEKN ty tong hop ¢ quy mé phong thi
nghiém theo ty 1¢ thanh phan cic nguyén liéu twong duong nhya thuong mai.
3.2. Pham vi nghién ctru

Nghién ctru nay dugc thuc hién tai phong thi nghiém Trung tdm Polymer thudc
Cong ty Co phan Phuong hoang xanh A&A trong khoang thoi gian tir thang 03/2022
dén thang 08/2023. Noi dung tap trung cha yéu vao viée bién tinh dé nang cao co ly
tinh va khang tia UV cho nhya PEKN.
4. Phuwong phap nghién ciru

- Bién tinh nhwa PEKN bang cach thay d6i thanh phan va ty 1& nguyén liéu
tong hop. Khao sat anh hudng cua viée bién tinh dén qua trinh tong hop thong qua
cac thong sb: chi sé acid, thoi gian phan tng, khéi lwong dich ngung tu.

- Nghién ctru anh hudng ctua nhya PEKN bién tinh dén cac thong sb ky thuat
ctia nhya dang 10ng qua cac chi tiéu: Mau sic, ty trong, do nhét, ham luong chét bay
hoi, thoi gian gel hoa, thoi gian dong ran, cuc dai toa nhiét, sd vét nirt mau nhya sau

dong ran.



- X4c dinh tinh chét co 1y cua vat liéu qua do bén kéo, module kéo, dd bén
udn, module ubn, 6 bén va dap Izod. Phan tich dac trung lién két hoa hoc bé“mg phé
hdng ngoai bién d6i Fourier (FTIR), phan tich kha ning phan huy nhiét bang phuong
phdp phan tich nhiét trong luong (TGA), duong cong vi phan nhié¢t (DTG).

- Nghién ctru kha ning chiju tia tir ngoai UV ctia nhwa PEKN bang cach dua
mau vao thiét bi chiéu tia UV, sau d6 danh gia cac thong sb6 do bién ddi mau séc, do
suy giam co ly tinh ctia nhya thu dugc.

5. Y nghia khoa hoc ciia dé tai

Két qua nghién ciru trong luan vin nay gép phan dua nhya PEKN {mg dung
vao cac vat liéu ngoai tro1 hodc cac vat li¢u yéu cdu do6 chiju luc cao. Viéc két hop
nhiéu loai acid trong thanh phan ban diu mé ra huéng di moi thay thé nguyén liéu
truyén thong nhiam dat duwgc tinh chat mong mubn & san pham cubi cung. Dir liéu vé
cac thong sb trong qua trinh tong hop 13 co s& dé trién khai san xuit nhya bién tinh ¢
quy mo 16n.

6. Céu tric luin vin

Ngoai phﬁn muc luc, mé dau, danh muc bang, danh muc hinh, két luan, tai liéu
tham khéo, luan vian gém c6 3 chuong chinh nhu sau:

Chuong 1: Téng quan vé nhya PEKN: Chuong nay trinh bay cac khai niém,
1y thuyét vé qua trinh tring ngung, qua trinh dong rin PEKN. So luoc hién tuong 130
hoa & nhya PEKN va cac cong trinh nghién ctru c6 lién quan dén dé tai.

Chuong 2: Hba chat va phuong phap nghién ciru: Chuong nay trinh bay cac
loai hoa chét sir dung dé nghién ctru luan van. Pong thoi 1a cac phuong phéap thuc
nghiém, phuong phap do, xac dinh tinh chat cia PEKN va vat liéu v6i nhitng thiét bi,
may modc di kem theo ting phuong phap.

Chuong 3: Két qua va thao luan: Trong chuong niy tac gia trinh bay chi tiét
cac két qua nghién ctru va phan bién giai cac két qua d6 theo muc tiéu nghién ciru.

Két luan: Tong két cac két qua nghién ctru cia dé tai va dé& xuat, kién nghi

huéng nghién ctru tiép theo.



CHUONG 1: TONG QUAN

1.1. Gi6i thiéu chung vé nhwa polyester khéng no
1.1.1. Khdi niém

Polyester khong no (PEKN) 1a mot loai polymer c6 khdi lwong phan tir 16n (tir
1000 Dalton dén 3000 Dalton), hinh thanh tir phan Gng tring ngung acid hai chic
hoic anhydride khong no véi ancol hai chirc. O nhiét d6 thuong, PEKN 1a mot chat
16ng d6 nhét cao hodc mot san pham gidng thuy tinh c¢6 nhiét do ndng chay thap [8],
[9].

Nhya PEKN la dung dich cua polyester khong no hoa tan trong monomer do
nhét thap c6 chira lién két d6i C=C trong cong thirc phan tir. Monomer thudng dugc
st dung nhit 13 styrene. Lién két d6i C=C trong PEKN c6 thé phan tng véi lién két
db6i trong monomer thong qua phan tng polymer héa khoi mao bang gdc tu do tao
thanh cau tric mang khong gian ba chiéu. Qua trinh nay dugc goi 1a qué trinh dong
ran hay khau mach nhya PEKN. San phiam tao thanh chit rin khong c6 kha ning
nong chay khi gia nhiét (trai ngugc véi nhua nhiét déo) [9].

1.1.2. Tinh chit dic trung

Nhya PEKN dang 1ong c6 d6 nhét tir 50 centipoise dén 4000 centipoise hodc
cao hon. Mau sic nhya 16ng c6 thé tir vang rat nhat dén nau canh gian. Mau nén cta
nhura c6 thé bi anh huéng khi thém cac chat phy gia mang mau nhu chét xuc tién dong
ran.

Nhuya PEKN thong dung c6 dic trung tinh chét trinh bay ¢ Bang 1.1 [1]



Bing 1.1. Pdc trung tinh chdt nhwa PEKN théng dung

Tén Gia tri
Ham luong styrene, % khoi luong 32
Do nhot, Pa.s 1,1
Ti trong 1,14
Maiu sic Vang nhat
Thoi gian gel hoa, phut 5-7
Thoi gian dat nhi¢t d0 cuc dai, phut 6-8
Cuc dai toa nhiét, °C 171-182
Diém chdp chay, °C (hé ce kin) 31-35

Sau khi két thuc qué trinh khau mach, nhya PEKN c¢6 nhiing dac diém ndi bat
nhu: Do bén, do cung va kha nang chiu va dap cao. Cac dac tinh nay co thé duoc diéu
chinh bang cach thay doi cong thirc ctia nhya va két hop cac chat don gia cudong nhu
soi thay tinh. Nhya PEKN ciing thé hién kha niang khang tot v6i nhiéu loai hoa chat
bao gdém acid, kiém va dung méi. Pic tinh nay 1am cho nhwa phu hop cho cac tng
dung trong nganh cong nghiép hoa chat va chéng an mon. Nhua PEKN c6 d6 6n dinh
nhiét vira phai, c6 thé chiu duoc nhiét d6 cao ma khong bi bién d6i dang ké. Tuy
nhién, nhya c6 thé bi phan hily nhiét & nhiét d6 rat cao. Vé 6n dinh kich thuéc, nhya
PEKN c6 d6 co ngot thdp trong qua trinh dong rin, din dén d6 on dinh kich thudce
tuyét voi ctia san phim cubi cung duoc dong ran. Nhya PEKN ciing thé hién céc dic
tinh cach dién tét, do d6 thuong dugc ung dung vao lam vat li€u cach di¢n, dién tur.
1.1.3. Ung dung

Nhuya polyester khong no 1 mot trong nhiing loai polymer linh hoat nhét hién
nay. Chung thuong dugc irng dung trong cac linh vuc nhu hang hai, giao thong duong
bd, cong nghiép xay dung, ndi that, hang khong vii try,...vdi san lugng ti€u thy hon
13 triéu tin mdi nam [8]. Trong nganh cong nghiép hang hai, do dic tinh nhe, chiu
dn mon tot nén nhya PEKN duoc sir dung rong rai [am v tau thuy cd vira va nho,

san boong tau, cot budm [10]. Vi sy phét trién cta hé thong giao thong trén bién kéo



theo s6 lwong cac phuong tién dudng thuy ngdy mot gia ting hira hen day 1a mot
trong nhitng thi truong tiéu thu PEKN hang dau trong thap ki sap téi. Bén canh do,
cac nghién ctru ciing chi ra ring nhya PEKN ¢6 d6 co ng6t thap, kha chiu lyc tot nén
da duoc ing dung pho bién trong san xuat bé tong dan dung [11], ham chira chét thai,
dng dan nudce, tam lop, gia d&, mang thoat nude. Khi két hop véi phu gia tao mau,
phu gia chéng chay, chét diét khuan hodc chét tu 1am sach, nhya PEKN c¢6 tiém nang
rat 1on trong san xuét dd ndi that nhu da 6p lat, giwong, t, chao dén... Theo sb liéu
thdng ké ndm 2021, chi riéng nganh d nhén tao di str dung 30% tong san lwong nhya
PEKN trén toan thé gidi [12]. Trong giao thong van tai, PEKN c6 mit trong céc chi
tiét tao nén vo xe may va 6 to, canh gi6, mot s6 bd phan trén cira xe, nap dong co.
Céc bd phan [am tir nhya PEKN c¢6 uu diém nhe, chiu va dap tdt, bén thoi tiét va tudi
tho dai do d6 ngay cang duoc khai thac va tmg dung trong thyc té nhiéu hon.
1.1.4. Nguyén liéu tong hop nhwa polyester khong no

Cac nguyén liéu chinh ding dé san xuit nhuya PEKN bao gém maleic
anhydride, phthalic anhydride, propylene glycol va dung moi styrene. Hién nay, trén
toan thé gioi lua chon acid khong no 1a maleic anhydride (AM) vi dé kiém, gia thanh
tuong d6i thip va cai thién tinh chit bé mat khi gia cuong cac loai soi khac nhau
[13]-[15]. Maleic acid va fumaric acid it dugc sir dung hon do hoat tinh thap, d& hut
am va gia thanh cao hon AM. Trong khi dé, phthalic anhydride (AP) c6 vai trod tao
d6 ctng va d6 bong cho san pham sau dong rin do AP c¢6 chtra vong thom trong mach
phan tr. Tuy nhién, nhya PEKN trén nén AP c¢6 nhuoc diém 1a: do gion cao, chiu va
dap kém va dé bi burc xa tir ngoai pha hiy cAu tric [16]. Pé cai thién nhiing han ché
ctia nhwa PEKN, c6 thé thay thé mot phan hodc hoan toan AP bang cac acid/anhydride
no dé dat duoc tinh chit mong mudn. Trong nghién ctru nay da sir dung adipic acid
(AD) dé bién tinh nhua PEKN nham muc dich gia tang tinh chét co Iy va cai thién do
bén va dap do AD la mét acid c6 mach phan tir dai, tao su linh hoat cho mach carbon.
Ngoai ra, THPA va MHHPA ciing duogc st dung dé bién tinh nhwa PEKN nhd s hitu
mach vong no nén cé dic tinh it hap thy niang luong & budc song tir ngoai vi thé ting

kha nang chiu tia tr ngoai UV va chiu nhi¢t cho nhya [7]. Khi két hop ca 3 loai acid



nay lai s€ thu dugc nhua PEKN bién tinh vira c6 co 1y tinh tdt, vira c¢6 kha nang chiu
UV, khic phuc duoc cac bat cap ma AP mang lai, m¢ ra huéng moi rng dung PEKN
cho cac muc dich ngoai troi.

Propylene glycol 1a glycol pho bién nhat trong cong nghiép san xuat PEKN do
chung vira d& kiém, gia thanh ré vira tao ra nhya c6 tinh chit 6n dinh [17], [18]. Ngoai
anhydride, cac glycol ciing anh huéng khong nho dén tinh chit cia PEKN nhu do
gion, d6 bong, kha nang tuong hop voi dung moéi. Tur do, viéc lya chon glycol phu
hop 1a rit quan trong, anh hudng truc tiép dén tinh chat cudi cing cua nhwa tong hop
dugc. Doi khi, dé dat duoc cung lic nhiéu tinh chét, ngudi ta c6 thé két hop tir hai
loai glycol tré 1én dong thoi. Mot sé san pham nhya PEKN hién nay con st dung
olefin oxide (propylene oxide) thay thé glycol [17]-[20].

Styrene monomer (SM) 1a dung méi quan trong bic nhat ctia nhya PEKN. SM
vira dong vai tro 1am chat pha lodng giam d6 nhdt cho PEKN vira tham gia truc tiép
vao phan (mg dong ran cua nhya [2], [8], [9]. Styrene monomer la chit kém bén nhiét,
c6 thé tu tring hop tao polystyrene gdy anh huéng nghiém trong dén chit luong nhura
PEKN, do d6 can phai bao quan & nhiét do thép, tranh anh sang va st dung chét
ché 4-tert-Butyl catechol dé ting thoi gian bao quan [21], [22]. Nhya PEKN thuong
mai hi¢n nay c6 ham lugng SM dao dong tir 30-40% tuy vao muc dich st dung.

Ngoai ra, nhua PEKN con sir dung mét sé nguyén liéu phu nhu: Hydroquinone
(HQ), p-Toluenesulfonic acid, dibutyl thiéc oxide nham ting tdc phan ng ester hoa
trong qua trinh tong hop va kim ham sy hinh thanh goc tu do trong qua trinh bao quan

[8], [23], [24].



Bing 1.2. Mt s6 nguyén liéu thuong ding trong tong hop nhira PEKN

Tén Cong thirc cau tao Pic diém
I
. ) HC—C_ Gia thanh thap, hoat
Maleic anhydride | >0
HC_ﬁ tinh cao
(0]
AP .
. | N Gid thanh thap, ting
Phthalic anhydride ’ - ° o
F C\O do cimg
Adipic acid HOOC—(CH2)s—COOH Tang 46 mém déo
hydrophthal /
Tetrahydrophthalic \
’ P \ Chiu UV, bén nhiét
anhydride /
\

Methylhexahydrophthalic

Chiu UV, bén nhiét

anhydride
o
Hy 4 Gi4 thanh thap,
HO——C——C——OH .
Propylene glycol | tuong hop tot voi
CHs styrene
Str dung phd thong,

Styrene monomer

dong ran tot

Hydroquinone

U’ ché hinh thanh

gbe tir do

p-Toluenesulfonic acid

Tang toc ester hoa

Dibutyl thiéc oxide

Tang toc ester hoa




1.2. Qua trinh tring ngung va déng rin nhwa polyester khong no
1.2.1. Khai niém

Phan tmg tring ngung nhya PEKN 13 qua trinh két hop gitra cc acid hai chirc
hodc anhydride véi glycol tao mach phan tur polyester va giai phong nude.

Phan tmg déng rin PEKN 14 qu4 trinh dng tring hop bat thuan nghich xay ra
giita polyester khong no va dung moéi styrene. Qua trinh nay hinh thanh lién két ngang
giita cac vi tri ndi ddi trong phan tir polymer va monomer tao mang ludi polymer 3
chiéu giip cho nhya c6 do cliing vuot troi.

1.2.2. Qua trinh trung ngung nhwa polyester khong no

Phan tng tring ngung polyester khong no dién hinh xay ra giita anhydride
khong no (AM), anhydride no (AP, THPA, MHHPA) vo6i glycol (PG) ¢ nhiét do tur
150-280 °C [25]-[28], trong 4p suat khi quyén dwgc minh hoa ¢ Hinh 1.1.

AT ol

Propylene Glycol Maleic Anhydride
Phthallc Anhydride

B 0 - COOH

o) o)
& AN Y\O
CH + HO
o) Z ’

poly (propylene fumarate phthalate)

HO

Vi




I @2?

1.2-propanediol maleic anhydrnide tetrahvdrophthalic anh\ dride

]

0 CH, 0
u | Lw |
- D—E—G —0—C—C=(—C—0—C—C —-:::— C

L Oy

1.2-propanediol maleic anhydride methylhexahydrophthalic anh} dride

IbZJL

Hinh 1.1. Phan ung hoa hoc hinh thanh phan tw PEKN

Doi véi thanh phan adipic acid, phan tng ester hoa xdy ra qua hai giai doan

H,0 CH, Ci
H
- D—{H:—cz—o e J:—o_i_ -

duoc mo ta nhu sau [29]:
HOOC(CH2)sCOOH + HOCH(CH3)CH,OH
- HOOC(CH2)sCOOCH(CH3)CH>OH + H2O (1)
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HOOC(CH2)4COOCH(CH3)CH20H + HOCH(CH3)CH,OH
- HOCH>(CH3)CHOOC(CH2)sCOOCH(CH;3)CH20H + H20 (2)

Nhin chung, qua trinh téng hop PEKN dién ra ba loai phan trng bao gdm: Phan
rng mo vong (tao monoester), phan (mg polyester hoa va phan Gng phu. O phan tng
mé vong, cac anhydride va glycol két hop v6i nhau sinh ra monoester ¢c6 nhom
carboxylic (COOH) va hydroxyl (OH) ddu mach tao thanh ciu ndi ester ma khong
giai phong nudce [25], [26] (Hinh 1.2). Phan tng tao monoester thong thuong xay ra
& nhiét do trong khoang tir 60 — 130 °C. Pong hoc ctia phan tng cho thdy day la phan
ung bac hai, bt thuan nghich. Sy hinh thanh monoester phu thudc vao kha nang phan
ung cua glycol véi cac anhydride, vi du, ethylene glycol va propylene glycol duoc
cho 1a ¢6 kha nang tham gia phan tng mé vong nhu nhau, trong khi cac anhydride lai
c¢6 kha niang phan tng khac nhau. Tdc do phan tmg ctia AM véi ethylene glycol twong
duong propylene glycol, tuy nhién EG va PG lai phan tng v6i AP 6 téc d6 khac nhau
[30]. Trong hau hét cac trudng hop, su hinh thanh monoester s& theo sau bdi phan
g polyester hoa giita monoester, acid va ruou, san pham phy (nuéc) duoc tach ra
khoi hon hop [31].

7 HO N OH

—== " _
04& + o Sow — O// \ O0—R
o

(o)
Hinh 1.2. Phan ung hinh thanh monoester (R la nhom alkyl)

Phén tng ester hoa dién ra gitra mot nhém hydroxyl dau mach va mot phan tir
c6 nhom carboxylic dau mach tao thanh ester va nuée [30]. Hinh 1.3 minh hoa qua
trinh polyester hoa xay ra & nhiét do tir 160 dén 220 °C [25]. Mirc do polyester hoa
cao dat duoc khi viéc loai bo nudc hi¢u qua. Tuy nhién, & giai doan cudi phan ng

qué trinh tich nuéc tré nén khé khin do d6 nhét hon hop ting cao [25], [31].
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HO o Ho [ i
n \ 0—R —_— />—\_<O—R\ 4+ (n-1)H0
o 0o OH
0 0]

- -n
Hinh 1.3. Phadn itng polyester héa trong tong hop nhwa PEKN (R la nhém alkyl)
Céc phan tmg phu xdy ra trong qua trinh polyester hoa c6 thé ké dén nhu: Phan
g déng phan hoa, phan ung bio hoa lién két doi (phan ing Ordelt), phan tng trao
dbi ester va phan tng déng vong. Phan tng dong phin hoa dién ra & giai doan sau
clia qua trinh polyester hoa lién quan dén phan tmg thuan nghich chuyén hoéa giira hai
dang maleate (cis) va fumarate (trans) ctia cAu tt AM & nhiét do trén 200 °C [32],

[33] (Hinh 1.4).

H H
O—= OH _—
m
(0]

OH

Cis Trans

Hinh 1.4. So do phdn vmg dong phan héa cis-trans (chuyén héa maleate-fumarate)

Khi két thiic qua trinh tong hop PEKN, hon 90% ddng phan maleate (trang
thai ning lugng cao) chuyén thanh dang fumarate (trang thai ning luong thap) [34],
[35]. Pong phan fumarate tham gia phan tng tao lién két ngang véi styrene tot hon
khoang 20 1an so voi dang maleate [15], [36]. Su gia ting hoat tinh cua dong phan
fumarate dugc giai thich 1a do mat do electron dugc phan bd déu trén khép mach phan
tir khi & dang cdu hinh trans dan téi san pham c6 tinh chat co 1y, tinh chat nhiét va
kha ning chiu hoa chit dwogc cai thién [36]-[39].

Phan tng Ordelt chu yéu xay ra ¢ giai doan polyester hoa duge mo ta 1a qua
trinh 1am bdo hoa lién két doi trong thanh phan maleate hodc fumarate bang cach

cong hop nhém hydroxyl tir phan tir glycol [3], [40]. Pong hoc cia phan tng duoc
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Fradet va Marechal nghién ctru da chi ra tbc do phan Gmg theo phuong trinh bac mot
ty 1€ thuan véi luong acid va alcohol dua vao [41].

Phan Gmg bio hoa lién két d6i xay ra & sd luong 16n c6 thé gy sai léch cu
trac phan tir nhwa PEKN anh hudng t6i tinh chat cudi cing ciia san pham dong ran
[25], [38]. Hinh 1.5 va 1.6 lan luot biéu dién phan tmg Ordelt xay ra gitta monoester

v6i diol mach ngan va monoester vdi monoester.

o)
HO R
o OH + R - 0~ OoH
HOJV\l( SR HO” OH L s
o \T
OH

Hinh 1.5. Phan ung Ordelt giita monoester va diol (R la nhom alkyl)
0

0
HOM(N»H o NN

S 0
HO 0
Z

o
0 R\o

o NP

Hinh 1.6. Phan ung Ordelt giita monoester va monoester (R la nhom alkyl)
Phén g trao doi ester xay ra khi chudi polyester bi rugu phan hoic acid phan

boi nhom hydroxyl hoic carboxyl ¢ nhiét d6 cao. Trao ddi ester dan téi sy phan bd



cac nhom chire ddu mach hodc doan mach carbon lap lai [25]. Hinh 1.7 mo ta co ché

phan ung trao doi ester ¢ nhiét do cao.

O—H
O_R/ HO 0 R/O '
+ \ i .
HO— / \\O I © \\
o}
O—H
HO \ O—R/ -+
(@]
\
(0]

Hinh 1.7. So do6 phan img trao doi ester trong qud trinh tong hop PEKN (R la
nhom alkyl)

Su hinh thanh cau tric vong trong phan tmg polyester hoa bi chi phdi béi do
linh dong ctia mach chinh. C4u triic vong c6 thé tao thanh bang hai cach chinh: Thu
nhat, ciu trac dugc hinh thanh ¢ giai doan dau phan ung tring ngung giita cac
oligoester c6 nhém chirc dau mach giéng nhau. Cach tht hai hinh thanh ciu trac vong
khi cac nhém carboxylic ddu mach phan tng v6i chinh phén ester ciia mach dé [42].
1.2.3. Cdc phwong phdp tong hop nhwa polyester khong no
% Tong hop PEKN bang phuong phap tring ngung can bang

Thong thuong, PEKN dugc tong hop v6i phan tng polyester hoa acid ludng
chtrc bang glycol. Pay 1a trudng hop ca biét ciia phan Gng trung ngung can bang. Cac
ddc diém chinh cta phan tng tong hgp PEKN nhu sau:

Sw phat sinh va phat trién mach ester
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Su twong tac cia acid ludng chic khong no véi glycol 1 tac dong co ban dau
tién cua phan ung ester hoa va dan toi sy tao thanh ester acid [43]:
0 0 0
OH—C—CH=—=CH—C—OH + OHCH,CH,0H === OH—C—CH=——=0H-C—0CH,CH,0H + H,0
Phén ttr ester acid tao thanh c6 thé tiép tuc phan tng véi glycol, véi acid hodc
gitra chung véi nhau.
Khi sir dung anhydride cta acid khéng no ludng chirc thi giai doan dau tién 1a

phan tng két hop anhydride véi glycol:

HC——CH
HOROH + | / ——=  HOR—CCH ——CH —|c|:OH
0=cC c=—o
N\

O/ o)

o HC——=CH
I | / -
HORO——C—CH=——OH—C—OH %t o0=—C C— _—

\o /
—_— HOROﬂ—CHZCH—COROCCH CHﬁOH
o 0 o} o}

Phan tmg két hop anhyrit véi glycol 1 phan tng téa nhiét. Sau khi cac ciu tir
ban dau gan nhu tiéu hao hét, cac ester co khdi lugng phan tir thap twong tac voi cac

oligoester, va nho ¢6 ma khdi lugng phan tir ting 1én [44]:

H—{~0CH,CH,0CCH—=CHC—\~0H H—{0CH,CH,0CCH——CHC—\-OH
| [ ==
| |
0 0 0 O /n
m

— H OCH,CH,0CCH——=CHC OH H,0

—~———

0 L| m+n
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Khi d6, ¢ thé xay ra khong chi phan tmg esterhoa ma con xay ra pha tmg dé
ester hoa v6i viée tao thanh cac san pham c6 nhom cacboxyl va hydroxyl.
Thi du:

180 - 200°C
—R—C—%—O—R‘ + H0 =——= R—C—OH +HO—R

0 0
Maleic anhydride twong d6i d& bay hoi vi thé trong qué trinh tong hop
polymalenat can luu ¥ kha ning dé ester hoa ester acid.
Trong phan tng polyesterhoa acid ludng chirc dong vai tro xtic tac hodc c6 thé
st dung céc chat xuc tac khac.

Cic phin &ng xay ra dong thoi vai phat trién mach

Céac nhom ester khong chi tham gia phan tng véi cac nhom chuc cua céac
nguyén liéu ban dau va oligomer ma con vdi cac hop chat phan tir thap thoat ra tir
phan tng. Thi du: nudc gay ra phan ing thuy phan nhom ester dugc xuc tac boi ion
H* va OH’, vi thé dé tao duoc san pham c6 khdi lugng phan tir cao can loai bo nude
ra khoi moi truong phan ing. DO nhiy v6i phan Gng thuy phan, phan 16n phu thudc
vao thanh phan va cdu tao PEKN.

Phan tng thuy phan véi tbe d6 thap hon khi do dai ctia mach glycol va acid
bién tinh ting do anh hudng cua hiéu tmg cam Gng gitta nhém cacbonyl ké bén kém
di va tac dung xtc tac ctia ion H' ctia acid va ester acid ciing yéu di.

Maleate thity phan chim hon fumarate 13 do anh hudng cta yéu t6 khong gian.
Trong qué trinh tuong tac voi acid hay glycol nhom ester c6 thé bi ancol phan hozc
axyl phan. Qua trinh trén dugc xuc tac boi ion HY.

Nowrng phat trién mach

Phan ng ngimg phat trién mach khi dat cAn bang véi san pham hop chét phan
tir thip ctia phan tng, thi du nudc phan tng chuyén dich can bang vé phia tao polymer
khi loai nudc ra khoi méi truong phan tng. Véi muc dich nay giai doan cudi phan
g duoc tién hanh & nhiét do cao hoic trong chan khéng. Mic du vy polymaleate

van chira mot luong nho nude (0,1 + 0,5%) [45].
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Mot trong nhitng nguyén nhin ngimg phat trién mach 1a ty 16 cac chat tham
gia phan ung bat duong lugng. Do d6 dé dat duoc khéi lugng phan tir cao can thiét
phai dua cac chét tham gia phan ung & ty 1& duong luong. Khi dua mot lugng du thira
mot chat tham gia phan ung (trlr trudng hop né thoat ra khoi phan tng) lam giam
dang ké khéi luong phén tir cia PEKN. Nguyén nhédn dirng phat trién mach 13 su bién
mat cua cac nhom chirc mot loai do chuing bi khoa boi sy du thira cAu ttr thir hai.

Trong qua trinh tong hop PEKN (polymaleate) mot phan cac chat tham gia
phan tng bay hoi cy thé 1a glycol ton hao ~ 5% trong khi d6 acid va anhydride 1a 2 =
3% [26].

Ethylene glycol va 1,2 propylene glycol 1a nhitng glycol d& bay hoi nhét, con
d6i voi anhydride 1a maleic, phthalic va tetraclophtalic. Thong thuong ngudi ta dua
vao phan tng tong hgp PEKN v6i mot luong du glycol ~ 5%. Doi khi dé giam do
nhét san pham ty 18 mol cua glycol: acid bang 1,1 : 1.

Nguyén nhan dirng phat trién mach PEKN c6 thé do sy chuyén hoa héa hoc
cac nhoém chue

- Decacboxyl

- Dehydrat

- Tao vong

Thi du nhu khi tring ngung anhydride maleic véi 1,2 propylene glycol c6 thé
xay ra thity phan mét phan glycol thanh andehyde propionic [24].

Giai doan dau ctia phan Gmg ¢ 60 + 70 °C, anhydride maleic “két hop ngay
v6i” glycol dé tao polyester va diéu nay cho phép tranh dugc phan tmg dehydrat hoa
trong qua trinh trung ngung ¢ nhiét do cao.

Trong qua trinh ton hop PEKN trén co sé ethylene glycol, trong thanh phan
nude ngung, ngudi ta tim thay mot luong nho acetandehyde san pham dehydrat hoa
glycol [46].

Mot s6 glycol c6 kha ning vong hoa véi sy tao thanh ester mach vong, con
acid ludng chiic ¢6 thé decacboxyl hoa. Két qua 1a nhitng phan Gmg trén pha vd ty 1

cac nhom chuce tham gia phan img polyester hoa.
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Su ngimg phat trién mach con co thé giy ra bai sy twong tac cac nhoém chic
cubi mach véi hop chat mot nhom chire (tap chat trong hdn hop phan ung hay san
pham phu ctia phan ¢mg) va tao nén cac nhom cudi mach khong hoat dong. Doi khi
hop chat mot nhom chirc duge dua vao phan tng nham diéu chinh khdi luong phan
ttr cia PEKN hodc dé tao san phém co nhiing tinh chét d3c biét. Thi du nhu khi téng
hop polymaleate chtra cac nhém chirc caboxyl & cudi mach mot phan bi “khéa” bang
ancol don chirc nhu rugu butanol hodc cac loai ancol khac. Dé khoa nhom hydroxyl
nguoi ta st dung anhydride acetic hodc acid methacrylic.

% Tong hop PEKN bang phuong phap tring ngung khong cin bang va dong
trung hop

Tring ngung khong cin bang

Téng hop PEKN bang phan tng trung ngung khong can bang trén bé mit phan
chia pha hai chat 16ng khong tron 14n véi nhau khong phai 1a phuong phap truyén
thong.

Mot s& PEKN duoc tong hop trén co sé cloanhydride cta acid fumaric [47]:

CH3
n CICCH—=CHCCI + nNaO Q 4@7
=

0 0

—> CI CHC:CHCO—@*(L Na + (2n-1) NaCl
] [
0] (0] 3 n

Uu diém cua trung ngung khong can bing 1a qua trinh xay ra véi tde do rat
cao (chi trong vai phit) & nhiét d6 thap 0 + 40 °C khong nhay cam véi cac tap chat
va ty 1& duong luong cac chat tham gia phan ing va c6 thé sir dung dé tong hop PEKN
¢6 khéi lugng phan tir cao. Tuy nhién do gia thanh cua cloanhydride cao, do bén nudc

cua nd kém va lugng mudi tao thanh sau phan tng 16n, cling nhu phai hoan luu mat
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luong 16n dung moéi nén phuong phap nay khong duoc ing dung & quy md cong
nghiép.

Bén;z trung hop anhydride cua cac acid khong no voi oxit aliphatic

Pay la phuong phap téng hop PEKN c6 trién vong. N6 duya trén co so tuong
tac cua anhydride cua acid khong no ludng chirc voi a - ankylen oxide. Phan trng xay
ra voi tbe d6 cao ¢ nhiét do phong hodc ¢ nhiét do nang cao (30 + 150 °C) khong
thoat ra san pham phu va c6 thé nhan dugc san pham c6 khéi luong phan tir cao. Phan
g giita anhydride va a- oxide xay ra theo co ché trung hop anion va cé thé biéu
dién theo so d6 sau [40]:

Khoi mao:
H,C——CH,
X+ \ / —» XCH,CH,0O

Phat trién mach:

/O

XCH,CH,0" + / \ — > XCH2CH20CRCO’
\C/
\N

C)/

XCH2CH20TFCO' + C\—/CH2 —_— XCHZCHZOTFCOCH2CH20_

(OJNe)
bt mach:
X HchZOCRﬁ CHCH,O' | CHZCH20CRC§CH2CH20H'
n

o’n

Khi khong c6 chat kich hoat (acid, ruou, nudc...) phan ting xay ra theo co ché

tirng bac gidng nhu phan tng két hop:
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R'COH +  HC—FCH R'HOCHZCHZOH

(@)
o o)
4
C
w <@
(@) \\‘O o)

Phuong phap nay dugc st dung dé tong hop PEKN trén co so maleic
anhydride, d6i khi két hop voi cac anhydride khac (thudng 1a phthalic anhydride) va
voi cac loai oxide khiac nhau nhu ethylene oxide, propylene, xyclohexene,
epiclohydrin...

1.2.4. Qua trinh khdau mach nhwa polyester khong no

Phén (mg dong ran xay ra gitta cac lién két d6i cia acid khong no trong PEKN
(maleate hoic fumarate) va lién két doi cua styrene theo co ché gbe tu do. Phan tmg
ddng trang hop bat dau bang viéc phan hity cac chét xtic tac peroxide dé giai phong
gbc tur do. Sau d6, cac phan tir PEKN lién két véi styrene thong qua gdc tu do dé tao
thanh ciu trac mang khong gian ba chiéu [48]. Phan mg khau mach thong thuong
dién ra ¢ nhiét d6 phong nho sy két hop hé xuc tac methyl-ethyl ketone peroxide
(MEKP) va xuc tién cobalt napthenate [49]. Trong sudt qua trinh khdu mach, céc lién
két vinylene, styrene-styrene, polyester-vinylene-polyester-vinylene c6 thé duoc hinh
thanh. Mach polystyrene gin vao vi tri khong no trong mach polyester kéo dai dén vi
tri khong no ctia mach polyester bén canh, hay hiéu cach khac 1a lién két cac mach
polyester v6i nhau. Mdi lién két ngang dugc tao thanh tir 2 - 3 phén tir styrene va ty
1¢ lién két d6i trong polyester v6i styrene thuong 14 2/3 [35]. Mic do khau mach (méat
do lién két ngang) va chiéu dai mach polystyrene 13 hai yéu t6 anh huéng truc tiép
dén tinh chat nhua sau dong ran. Hinh 1.8 mé ta ciu tric nhya PEKN trudc va sau

khi dong ran.
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Hinh 1.8. (a) Céu triic nhira PEKN truéce khi déng ran (A) phdan tir polyester khong

no, (B) dung méi styrene, (C) chdt xiic tdc;
(b) Céu triic nhira PEKN sau khi déng rdn

1.2.5. Tac nhdn khdau mach

Heé chat dong ran nhya PEKN bao gém hai thanh phan: Chét xiic tac (khoi mao
phan tng) va chit xtc tién (ting toc phan Gng). Khi khong co chit xac tién, nhua
PEKN chi c6 thé dong ran & nhiét do cao, tuy nhién khi c6 mat chét xtc tién, phan
tmg khau mach c6 thé xay ra ngay tai nhiét do thuong. Chat xuc tic c6 ban chit 1a
cac peroxide, thong dung nhit 1a methyl ethyl ketone peroxide (MEKP) cho dong rin
ngudi va benzoyl peroxide (BP) cho dong ran nong [23]. Cac chét xtc tién dién hinh
duoc liét ké trong Bang 1.4, trong d6 cobalt naphthenate va dimethylaniline thuong

duoc sir dung hon. Viéc tron truc tiép chat xuc tac va xuic tién cd thé gay né do do vi

21



1y do an toan, ngudi ta thudng tron chit xuc tién vao nhya PEKN trude, sau d6 méi
pha chat xuc tac vao hon hop. Thoi gian dong ran co thé duge diéu chinh bang cach
thay d6i ham luong xuc tién ma khong diéu chinh ham lwong xtc tac.

Bing 1.3. Cdc chdt xiic tac thwong ding dé déng ran nhwa PEKN [23]

) Nhiét do ,
Chat xuc tac Pac diem
phan huy, °C
Benzoyl peroxide 70 Poéng ran nong
Cyclohexanone peroxide 90 Gel chiam, toc do dong ran nhanh
Methyl ethyl ketone %0 Hoat tinh trung binh, gel nhanh, toc
peroxide d6 dong ran vira phai
Acetyl acetone peroxide 65 Hoat tinh cao
Tertiary butyl peroctoate 70 Poéng ran nong
Tertiary butyl ,
90 Dong ran nong
perbenzoate

Bing 1.4. Céc chdt xic tién ding trong déng rdn nhwa PEKN [23]

Chét xuc tién Dung moi Ung dung
Cobalt naphthenate Styrene Khuon sgi thuy tinh
Cobalt octoate Dimethyl phthalate b4 nhan tao
Vanadium napthenate Styrene Khuon sgi thuy tinh
Dimethyl aniline Styrene DPéng ran nhua c6 chat don

1.3. Hién tuwgng 130 héa é& nhua polyester khong no

Hién tuong lao hoa (hodc suy thoai) & nhya polyester 1a hién tugng nhya sau
khi dong ran chat lugng ctia né s& giam dan do bi bién doi cau trac héa hoc boi cac
tac dong bén ngoai. Viéc tmg dung rong rii nhya PEKN trong nhiéu linh virc tir bon
chtra, thung chura, dudng dng dén tau thuyén hay bé boi ngoai troi dit ra yéu cau phai
hiéu r6 vé tinh 6n dinh ctia loai vat liéu nay khi c¢6 tac dong tir cac yéu té méi truong

(nhiét do, oxy, nudc, hda chét, anh sang,...).
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1.3.1. Co ché géy ldo héa & nhwa polyester khong no
Nhin chung, qué trinh 130 héa ciia nhya PEKN du6i sy tac dong déng thoi cua
tia UV, nhiét va oxy xay ra theo hai huéng nhu sau [50]:
* Phan g quang héa theo co ché gbc tu do
Khoi mao: R-H = R-
Phat trién mach: RO + RH = ROOH + R
ROOH - RO:- + -OH
Ngét mach: R+ R = R-R
R+ +RO;* = ROOR
ROz + RO2* & ROOR + Oz
* Phan (g oxy héa theo co ché chudi gbc
Khoi mao: RH - R-+H-
RH + O = R- + HOO-
Phét trien mach: R+ + O, = ROO-
ROO: + RH - ROOH + R (ndng d6 ROOH ting 1én)
Néu nong d¢6 ROOH vuot qua mirc nhat dinh, nd s& phan huy tao ra gbc tr do mai,
goi 14 phan tng bat cin ximg gdc:
ROOH - RO:- + -OH
RO-+RH = ROH + R
HO- + RH = H>O + R
Ngat mach: ROO- + ROO* = ROOR + O,
ROO- + R = ROOR
R-+R-=> RR
1.3.2. Cac tac nhan gady ldo hoa thuwong gap
Qua trinh thily phan 13 mét trong nhiing tac nhan chinh giy suy giam tinh chat
cho nhua PEKN [51]. Trudc tién, nudc sé tham thau qua bé mat vao bén trong vat
liéu gay hién twong ting khdi lugng va truong nd polymer. Sau dé, phan tir nude
phan tmg vai glycol hoic acid ty do bén trong phan tir nhua, pha v& ciu trac khong

gian hinh thanh khi déng rin va dan dén hién tuong nirt cho nhura.
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Qua trinh 130 héa do nhiét xay ra theo co ché géc trén mach chinh. O nhiét d6
cao (>200 °C), qua trinh phan huy nhiét pha v& cau tric polymer sinh ra cac goc tu
do. Trong khi d6, & nhiét d6 thap (<150 °C), san pham chu yéu 1a hydroperoxide [52].

Qua trinh quang héa xdy ra & nhya PEKN trong cac phan mg chuyén héa
fumarate thanh maleate, phdn rng dimer héa phan huy maleate va phan trng phan

tach ester [53].

1.4. Tinh hinh nghién ctru, rng dung nhua polyester khong no
1.4.1. Tinh hinh nghién civu nhwa PEKN trén thé gidi

Trén thé gidi, cic nghién ciru co ban chu yéu tap trung vao thay d6i thanh phan
nguyén liéu ban dau ciing nhu ty 16 hdn hop nguyén liéu v6i muc dich nang cao chit
lugng cho nhya PEKN phu hop véi timg tmg dung cu thé nhu: tau thity, bon chira, da
bp lat, bng dan,...Viéc bién tinh nhya bang cach thay d6i thanh phan va ty 16 nguyén
liéu ban dau c6 vu diém 1a d& dang thuc hién, dem lai hiéu qua cao, chi phi thip, kha
ning tng dung cao. Do d6, ddy dang 14 linh vuc ngay cang thu hut duoc nhiéu nha
khoa hoc tham gia nghién ctru va phat trién.

Avella va cong su [4] di tong hop nhya tir cac loai anhydride khac nhau nhu:
hexahydrophtalic (HHPA), methyl-hexahydrophtalic (MHHPA), endomethyl-
enetetrahydrophtalic(nadic), methyl-endomethylenetetrahydrophtalic (Me-nadic) va
thu duoc nhua bién tinh c6 tinh chét co ly t6t hon nhya ban du tir 10-30% khi su
dung HHPA, Me-HHPA va nadic. O mot nghién ciru khac, Benny Cherian va dong
nghiép [43] da két hop ddng thoi nhiéu glycol va acid dé tdi uu céc tinh chat cia nhya
thu duoc. Két qua cho théy, hau hét cac tinh chét ctia nhua déu dat toi da & ty 1¢ maleic
anhydride/phtalic anhydride 14 60/40. Cuing véi d6, ty 1& t6i wu ctia propylene glycol,
ethylene glycol va diethylene glycol trong cong thirc 1an luot 1a 50%, 30%, 20%. Tac
gia Abdeen Ahamad va cong su [13] da su dung phtalic anhydride va maleic
anhydride & nhiéu ti 1& khac nhau két hop véi propylene glycol dé thu duogc resin c6
tinh chét tot nhat khi ti 1&6 maleic anhydride tir 60-70%. Rajarshi N Patel [54] dé chi
ra rang st dung adipic acid thay cho mot phan phtalic anhydride trong thanh phan

nhura polyester khong no c6 thé lam ting tinh dan hoi cho nhya.
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1.4.2. Tinh hinh nghién ciu nhwa PEKN tai Viét Nam

Tai Vi¢t Nam cling da c6 mot ) cong trinh nghién ctru vé nhya PEKN nhu:
Nam 2020 nghién ciru ctia nhém tac gia HdO Xuan Ning [7] dd thanh cong dua
methylhexahydro phthalic anhydride (MHHPA) vao thanh phan nhya polyester
khong no (PEKN) nhim ting kha ning chiu UV cho san pham. MAu nhua thay thé
100% phthalic anhydride bang methylhexahydrophtalic anhydride (MHHPA) sau
1000 gid chiéu xa UV ¢6 d6 bién mau AE* giam 66,27% so v6i mau khong bién tinh
ding 100% phthalic anhydride. O mot nghién ctru khac, nhom nghién ciru cua tac gia
H6 Xuén Nang da thiét l1ap chuong trinh nhi¢t do téng hop nhya PEKN v6i nhi¢t do
t6i da ctia phan ung tring ngung & 200 °C, dong thoi khao sat anh huéng cua ty 18
glycol/anhydride dén tinh chat nhya [55]. Qua d6 cac tac gia két luan chuong trinh
nhiét d6 tong hop nhya gém 5 giai doan nang nhiét timg bac dén 200 °C ¢6 do 6n
dinh cao, nhya nhan dugc dat cac yéu cau vé chi tiéu chat luong. Téng ty 1€ mol ctia
nhom glycol : nhém anhydride acid 1a 1,1:1,0 cho san pham nhuya c6 cac thong sb ki
thuat tot nhat. Tac gia Nguyén Anh Son va cong su di sir dung e-GO 1am nguyén liéu
tong hop nhya PEKN va cho két qua mau st dung 0,2% khéi luong e-GO ting dugc
tat ca tinh chat khao sat. Theo d6, khi sir dung 0,2% khdi luong e-GO, nhya bién tinh
co do bén udn tang 32,2%, do bén kéo tang 27,7% va kha nang chiu UV cua nhya
bién tinh tot hon nhya nén 1én dén hon 96% [6]. Nam 2021, tic gia Pham Thanh
Nhuyt tai Truong Dai hoc Nha Trang di danh gia d6 bén tim ddy tau ca vo composite
tir nhya polyester khong no va soi thily tinh dé dwa ra phuong phap tinh toan do bén
tdm vo tau nhim dam bdo tinh an toan, giai quyét bai toan thiét ké két cdu than tau
[56]. Nhom tac gia Nguyén Thi My Linh va Pham Thi Hong Phuong di khao sat anh
hudng ciia ndng d6 dung dich polyester khong no dén tinh chat ciia vat liéu composite
c¢6 thanh phan tir xo da thudc [57]. Két qua thu dugc miu composite sir dung 60%
PEKN, 1% methyl ethyl ketone peroxide (MEKP), 7% xo da c6 tinh chat co hoc tot
nhit v6i d6 bén kéo 79,91 MPa, do gidn dai 5,32%, d6 bén va dap Izod 1,70 KJ/m?
va do bén nén 77,30 kPa.
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C6 thé thiy ring, cac két qua nghién ctru vé bién tinh nhya PEKN theo huéng
t6 hop nhiéu loai nguyén liéu trong thanh phan ban dau con han ché, chua dé cap mot
cach hé thdng va diy du cac tinh chat ctua nhwa nhu: théng s k¥ thuat nhya 1ong,
tinh chat co 1y, kha ning chiu tia UV,...Do d6, viéc nghién ctru bién tinh nhya trén
co s& két hop vat liéu chju tia UV (MHHPA, HHPA) va vt liéu gia ting tinh chat co
1y (AD) nhidm thu dugc san phim mang dy du vu diém cta hai loai vat liéu ciing

nhu danh gia tinh chét toan dién cho nhua 12 rat can thiét.
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CHUONG 2: HOA CHAT VA PHUONG PHAP NGHIEN CcUU

2.1. Hoa chit
Nhom glycol

1,2-Propylene glycol (PG): Chit 16ng trong sudt khéng mau, nhiét do soi 188
°C, d0 tinh khiét 99,9%, Dow Chemical pacific.
Nhom anhydride/acid

Maleic anhydride (AM): Chat ran, mau trang, d6 tinh khiét 99,5%; nhiét do
néng chay 52,8 °C, nhiét do s6i 199,9 °C, Shanghai zhanyun chemical Co., Ltd.

Phthalic anhydride (AP): Chat rin, mau tring, d6 tinh khiét 99,85%; nhiét d6
noéng chay 131,8 °C; nhi¢t 6 s6i 281 °C, Henan GP chemical Co., Ltd.

Adipic acid (AD): Chét rin, mau tring, d6 tinh khiét 99,85%; nhiét do nong
chay 152 °C; nhiét d6 so61 337,5 °C, Rainbow Chemical Industry Co., Ltd.

Methylhexahydrophthalic anhydride (MHHPA): La chét 1ong, trong sudt; c6
do tinh khiét khoang 99,5%; khéi luong riéng p =1,15 g/cm® ; nhiét do s6i 254 °C;
nhi¢t o nong chay -32 °C; Henan GP chemical Co., Ltd..

Tetrahydrophthalic anhydride (THPA): La chét ran, mau tring; c6 do tinh
khiét khoang 99,5%; khdi luong riéng p =1,17 g/cm? ; nhiét do s6i 307 °C; nhiét do
nong chay 62 °C; Nan Ya Plastic.

Nhém phu gia va hoa chit khac

Hydroquinone (HQ): 99,5%; Mainchem, Pai Loan.

Styrene monomer (SM): 99,5%, Shell Chemicall, Singapore.

Chat xuc tac: tert-Butyl Peroxybenzoate 80%; ham lugng oxi hoat dong 6,5%,
AkzoNobel.

Chat xuc tién: Coban (II) 2-ethylhexanoate, AkzoNobel.

3— (Trimethoxysilyl) propyl methacrylate, 99,5%, Evonik.

2.2. Phwong phap tong hop nhwa polyester khong no
Nhya PEKN duoc téng hop trong binh cau dung tich 1000 ml, cac thiét bi va
cach lap dit hé théng thi nghiém duoc mo ta trong Hinh 2.1.

27



Defecmator

My khu:iy

Ong din N,

Binh phan ing

Bép gia nhiét
Binh ciu 3 ¢é

@ Ban ning

Hinh 2.1. So do hé théng tong hop nhwa PEKN trong phong thi nghiém

Hé thong thiét bi thi nghiém tong hop nhya bao gdm: Binh phan tGng, bép gia
nhiét, may khudy, defecmator, sinh han, binh cdu 3 c¢d va ban nang. Binh phan tng
duoc 1am bang thily tinh chiu nhiét, c6 dang hinh cau dung tich 1000 ml, c6 4 c6 dé
két nbi voi cac bo phan ctia hé thdng. Binh cdu 1a phan quan trong nhét cua hé thong,
c6 tac dung chtra hdn hop phan Gmg va 13 noi xay ra qua trinh ester hoa. May khudy
gém dong co khudy, truc khudy va canh khudy dung dé dao tron lién tuc hdn hop
trong qua trinh phan tmg, ddm bao phan Gmg héa hoc dién ra dong nhat tai moi diém
trong binh phan mg. Defecmator 1a mot 6ng sinh han thang, bén trong c6 chia cac
hat dém bﬁng st nham tang hiéu qua trao ddi nhiét. Vai tro cta defecmator nhiam tach
san pham phy va han ché glycol that thoat do bay hoi trong qué trinh phan tmg. Sinh
han c6 tac dung ngung tu nude sinh ra trong phan tng tring ngung, tich san phim
phu gitip qu4 trinh ester hoa dién ra triét dé. Binh cau 3 ¢6 dung dé chira dich ngung
tu phuc vu viéc ddnh gia thong sé trong qua trinh phan mg. Ong din nito cung cap
khi nito tinh khiét duy tri méi trudng tro cho hdn hop phan Gmg. Ban ning va bép gia

nhiét ding dé diéu chinh nhiét do hdn hop trong qua trinh phan tng.
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Quy trinh téng hop:

Giai doan 1: Nap cac glycol, anhydride dong thoi vao binh phan tng va nang
nhiét d6 hdn hop 1én 100 °C dé dong nhit nguyén licu

Giai doan 2: Nang tur tir nhiét do tir 100 °C 1én 220 °C, trong khoang thoi gian
8 gid voi te dd gia nhiét 1 0,25°C / phit. Nhiét d6 defecmator dugc giit trong khoang
100-105 °C dé hoi nudc thoat ra va glycol dugc hoi luu lai binh phan tng.

Giai doan 3: Duy tri nhiét d¢ binh phan ting & 220 °C trong 2 gid dé phan tng
ddng phan hoa va ester hoa xay ra triét dé. Két thiic qua trinh duy tri nhiét chi s acid
ctia hon hop c6 gid tri nhd hon 30 mgKOH/g

Giai doan 4: Lam mat hdn hop phan tmg xubng 130 °C, b6 sung hydroquinone
theo khéi lwong trong Bang 2.4 sau d6 pha lodng san pham bang styrene monomer

v6i ty 18 styrene trong khoang 30-32% khdi luong.

2.3. Phwong phap xac dinh cac chi tiéu ky thuat cia nhya PEKN dang long
2.3.1. Phwong phdp xdc dinh chi sé acid

Chi s acid ctia nhua PEKN thu duoc khi két thic qua trinh duy tri nhiét duogc
xé4c dinh theo tiéu chuan BS EN ISO 2114:2000 nhu sau:

Budc 1: Pha KOH trong nudc cit dé thu dugce dung dich c¢6 néng d6 0,1 N.
Chuan d6 lai dung dich KOH vira pha bang 10 ml dung dich chuan HCI1 0,1 N véi
chat chi thi phenolphtalein hét V ml KOH. Hé s6 diéu chinh & cta dung dich KOH
duogc tinh theo cong thirc 2.1.

Jo = caeeuct o 1 (2.1)

VKoH
Trong d6: k13 hé s diéu chinh dung dich KOH dtng 0,1 N
Crci 12 ndng d6 duong luong dung dich HCI chuén, N
Vi 1a thé tich dung dich HCI di dung, ml
Vkon la thé tich dung dich KOH d4 tiéu ton, ml
Budc 2: Can khbi luong mau nhya PEKN can chuéin do vao binh tam giac, chinh
xéac dén 1 mg.

Budc 3: Hoa tan hoan toan mau can chuin d6 bang 10 ml aceton phan tich.
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Buéc 4: Nho tir tir dung dich KOH pha ¢ budc 1 vao mau nhya PEKN da hoa
tan trong acetone c6 san 2-3 giot chi thi bromothylmol blue. Lac déu binh tam giac
cho dén khi hdn hop chuyén tir mau vang sang mau xanh lyc bén trong 30 gidy. Thé
tich KOH tiéu ton 1a x ml. Chi s6 acid Ca ctia nhya PEKN tinh theo cong thire 2.2.

5,6 XxXk
C, = 222 2.2)

m
Trong d6: 5,6 1a lugng KOH can thiét dé trung hoa mot nhom carboxyl, g
x: Thé tich cta dung dich KOH d3 st dung, ml
k: Hé s6 diéu chinh cua dung dich KOH.
m: Khéi lvgng miu chuan do, g
2.3.2. Phwong phdp xdc dinh chi s6 mau sic theo don vi Hazen
Phuong phap xac dinh chi s6 mau duoc thyc hién theo tiéu chuan ASTM D
1209 trén may do mau BYK LCM - IV, xuét xtr Prc. Thang mau Hazen dao dong tir
0 dén 500 voi gia tri thip nhét 1 “0” twong dwong nudc cat. Gia tri 500 trén thang c6
nghia 1a nudc c6 mau vang rd rét. Mau sic cua chét long k¥ thuét thuong duoc phan
loai theo thang mau APHA/Hazen/Pt-Co.
2.3.3. Phuong phap xdc dinh ty trong long
Ap dung tiéu chuan ASTM D1475-13 dé xac dinh ty trong 16ng ctia nhua
PEKN. Quy trinh dugc tom tit nhu sau:
Budc 1: Can khdi luong cde chuyén dung (thé tich chinh xac 100 ml) trén can
phan tich chinh x4c dén 1 mg.
Budc 2: D6 ¢y mau nhya can do ty trong vao coc. Pay nip cbc dé nhua thira
thoat ra qua 13 thoat tran & nap cdc. Lau sach phan nhuya thira bang gié kho.
Buéc 3: Pua nhiét 4o cc do va miu nhua trong cdc vé nhiét dd can xac dinh
ty trong.
Budc 4: Can lai khéi luong cbc sau khi diéu nhiét va ghi lai khoi luong. Ty
trong mau nhua PEKN duoc tinh theo cong thurc 2.3.
D, =W —-w)/V (2.3)
Trong d6: D la ty trong ctia nhyua, g/mL
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W 1a khéi lugng cde khi chira day nhua, g
W 1a khdi lugng coc rong, g
V 1a thé tich cbc do ty trong, mL
2.3.4. Phwong phap xdc dinh d¢ nhot
Xac dinh d6 nhét cua nhwa PEKN dua theo tiéu chuan ASTM D1824-16 trén
may do do nhot cia hang Brookfield model LVDVE, Hoa Ky véi trinh ty thuc hién
nhu sau:
Buée 1: Piéu nhiét mau nhya can do vé nhiét d6 can xac dinh do nhot.
Budc 2: Chon truc quay s6 63 dé do do nhét.
Budc 2: Pua truc quay vao miu theo mot goc dé lam uét truc. Rt truc quay
va gan vao dong co do do nhot.
Budc 3: Ha thép dan truc quay vao cdc chira mau do do nhét dén vach dinh
mure trén truc sao cho truc quay nidm giira céc do va khong cé bot khi trong cdc.
Budc 4: Bat dau quay truc ¢ toc d6 100 vong/phut trong 2 phut.
Budc 5: Ghi lai gia tri do nhét va nhiét do mau.
2.3.5. Phwong phap xdc dinh ham lwgng styrene

Phuong phap xac dinh ham luong styrene dugc thue hién theo tiéu chuan ADTM
1259-06.

Budc 1: Str dung quy trinh sau v6i cac to gidy bac 150 x 300 mm va cac khay
165 x 300 mm. Ngoai ra, c6 thé sir dung hai t& gidy bac 150 x 150 mm (6 x 6 inch)
theo cach twong tyr véi cac khay 165 x 165 mm. Khi xur 1y gidy bac, tranh lam nhin
hodc nhau cac to giéy cho dén sau khi mau thir da duge lam kho. Cac tAm co thé duoc
cudn lai dé thuén tién cho viéc xur Iy va can ban dau, nhung phai duoc gitr phéng
trong sudt qua trinh ép va siy kho.

Budc 2: Céan gidy bac chinh xac dén 0,1 mg. M& va dit mot nia to gidy bac, véi
mit sang bong hudng 1én trén, trén tim kinh 180 x 180 mm. Néu can thiét, 1in min
bang con lan kim loai. Bing thiét bi can, can cic mau thir khac nhau tir 0,9 dén 1,1 g
dung dich nhua, chinh xac dén 0,1 mg. Pat miu thir vao giita khu vyc cua gidy bac

bao phu tim kinh. Dit nira gidy bac con lai 1én trén. Day tam thuy tinh ther hai 1én
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tam gidy bac, dit tAm kinh ¢ giira tAm gidy bac va an xudng du dé mau trai déu thanh
mot mang mong, ¢6 dudng kinh khoang 75 mm. Ap suat phai duoc tao ra phu thudc
vao do nhét ctia mau. Trong trudng hop mau cd do nhét thip vuot ra ngoai mép cia
gidy bac, hiy 1ap lai phép xac dinh, dé vai phut cho mot phan dung méi bay hoi khoi
mau di can trude khi day va ép mau.

Budc 3: Sau khi ép, md gidy bac hét chiéu dai va dit vao khay gidy bac. Dat
khay vao 10 ddi luu trong lyc hodc 10 thong gié cudng bic ¢ 105 + 2°C trong 30 phut

Budc 4: Lay khay ra khoi 10 rdi can than gd to gidy bac ra khoi khay. Tra cac bé
mit gidy bac di kho vé vi tri mat ddi mit. Trong khi gidy bac van con am, gip cac
canh lai v6i nhau dé boc hoan toan 16p mang khé. Can ngay, chinh xac dén 0,1 mg.

Tinh % thanh phan PEKN, C, nhu sau:

C =[(A—-B)x100]/S (2.4)
Trong d6: A = trong luong cua gidy bac cong voi chit rin kho, g,
B = trong lugng cia gidy bac, g,
S = khéi lvong mau lay, g.
2.3.6. Phwong phdp xdc dinh bién doi nhigt dp ciia qud trinh déng rin ciia nhwa
PEKN
Nhya PEKN dugc déng ran theo phuong phap dong ran nong voi 1,0%KL
chat xiic tac Tert-Butylperoxybenzoate va 0,01%KL chat xiic tién cobalt octoate &
nhiét d§ 80 °C trong 45 phut [58].
Phuong phap xac dinh bién thién nhiét do theo thoi gian dong ran: Qua trinh

bién thién nhiét d6 theo thoi gian phan tng cua hé nhya nén PEKN dugc xac dinh

bang thiét bi ghi nhiét Testo, Genlab, Anh theo tiéu chuan EN 584-00.

2.4. Phuwong phap xac dinh tinh chit co 1y ciia vat liéu

Dé xac dinh tinh chét co hoc, cic miu nhua dugce dong rin trong khudn bing
thép khong gi ¢ 110 °C véi 1% xtc tac TBPB va 0,01% octoate Cobalt vdi khoang
thoi gian 1a 30 phat. Mau duoc dé 6n dinh trong khoang 7 ngay.
2.4.1. Phuwong phdp xdc dinh dp bén kéo, module kéo

Do bén kéo dugce xac dinh theo tiéu chuan ISO 527-1993.
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Mau do do bén kéo dit co dang hinh mai chéo c¢6 kich thudc: Chiéu dai: 150
mm, chiéu rong: 10 mm, chiéu day: 4 mm, duong kinh goc lugn: 20 - 25 mm, chiéu
rong khoang lam viéc (gauge length): 10 mm, van toc kéo 2 mm/phit.

Do bén kéo dirt dugc tinh theo cong thuc:
F
o, = A ( MPa) (2.5)

Trong do:
8,: Do bén kéo dirt (Mpa)
F: Luc tac dung (N)

A: Tiét dién ngang cia mau (mm?)
2.4.2. Phwong phdp xdc dinh dé bén uén, module uén

Mau do bén udn c6 hop hinh chir nhat co kich thudce nhu sau: Chiéu dai: 65
mm, chiéu rong: 10 mm, chiéu day: 4 mm, van téc uén 2 mm/phut

Do bén udn ctia miu dugc tinh theo cong thirc:

_ 3FL
2bh*

u

( MPa) (2.6)

Trong d6 : oy - 40 bén gidi han khi uén ( MPa)
F - tai trong ph4 htty mau (N)
b - chiéu rong ctia mau (mm)
h - chiéu day ctia miu (m)
2.4.3. Phwong phdp xdc dinh dé bén va dap Izod
Do bén va dap Izod duoc xac dinh theo tiéu chuan ASTM D4812: 1999 trén
may Tinius Olsen model 92T, hang Tinium Olsen, Hoa Ky.

2.5. Phwong phap phén tich phé hdng ngoai bién doi Fourier (FTIR)

Phuong phap phan tich ph6 hong ngoai bién doi Fourier (FTIR): C4u triac hoa
hoc cia nhya PEKN dugc xac dinh trén thiét bi phan tich phd hong ngoai Spectrum
Two, Hang Perkin Elmer, Hoa Ky, tai tin s6 song tir 4000 dén 450 cm™.
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2.6. Phwong phap phan tich nhiét trong lwong (TGA)

Phuong phap TGA duoc thyc hién trén may TG1600 Setagram, Phap theo ché
d6 bat dang nhiét (nhiét do ting tir nhiét do phong dén 900 °C véi vén tde 10 °C/
phut), luu lugng khong khi 2,5 1/ h. Sir dung chén platin dung tich 10 ml.

2.7. Phwong phap xac dinh kha ning chiu thoi tiét cia vat liéu

Phuong phap danh gia kha ning chiu thoi tiét va tia bt xa tir ngoai duoc thuc
hién theo tiéu chuan: ASTM G154-06: 2006: Tiéu chuan hoat dong cua thiét bi phat
anh sang huynh quang dbi vé6i vat liéu phi kim phoi nhiém tia tir ngoai, trén thiét bi
do kha nang chiu thoi tiét UV Test, ATLAS, Hoa Ky v6i 4 ché do mo phong thoi tiét:
Chiéu UV (budc song 313; 340; 351 nm), tao hoi néong 4m; phun mua; bong tbi.

Piéu kién thir nghiém: Pén chiéu UV340; budc soéng: 340 nm; ning lugng biic
xa: 0,89 W/m?/nm; chu ky thir: chu ky 1 (8h chiéu UV ¢ 60 + 3 °C, 4h ngung tu & 50
+ 3 °C).

2.8. Phuong phap xac dinh tinh chat cach di¢n

Hé'mg s6 dién méi va hao tdn dién moi duoc do trén thiét bi Agilent model
E4980A va hé dién cuc 16451B danh cho chat dién méi dang rin. Phuong phép xac
dinh tinh chat dua theo tiéu chuin ASTM D150, trong dai tan s6 tir 100 Hz dén 1
MHz, & 25 °C, d6 4m khoang 60%. Pién thé danh thing (Umax) va d0 16n dién truong
(Emax) dugc do trén thiét bi Aii-70 (Nga), theo tiéu chuan ASTM D149, sir dung
ngudn dién xoay chiéu co tdn sé 50 Hz voi toc do ting dién thé 1 kV/gidy ¢ 25 °C va

d6 am khoang 60%.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Tong hop va khao sat tinh chét ciia nhwa PEKN bién tinh bing adipic acid
(AD)

Pi tién hanh bién tinh nhya PEKN bang cach thay thé cdu tir AP bang ciu tir
AD & cac ty 1& mol khac nhau. MAu nhya PEKN dugc tong hop bang binh cau thay
tinh 4 ¢4 dung tich 1000 ml trong méi trudng khi tro (N2), thoi gian phan tmg 10 gio.
Quy trinh tong hop va so dd nhiét tong hop nhira PEKN theo muc 2.2.
3.1.1. Anh hwéng ciia ty 1¢ mol AD dén cdc théng sé ciia qud trinh téng hop nhwa
PEKN

Ty 1é chi tiét cac nguyén liéu duoc trinh bay trong Bang 3.1.

Bing 3.1. Ty 1 mol cdc mau PEKN bién tinh bang AD

Mau PG AM AP AD
MO 1,20 0,40 0,60 0,00
M1 1,20 0,40 0,54 0,06
M2 1,20 0,40 0,51 0,09
M3 1,20 0,40 0,48 0,12
M4 1,20 0,40 0,45 0,15

Dé danh gia hiéu suét phan tng tring ngung tir d6 xac dinh kha ning tham gia
phan mg ctia AD, thong s6 chi sé acid va khdi lugng nuée sinh ra trong qué trinh
tong hop (san pham phu) duoc theo ddi va cho két qua trinh bay & Bang 3.2.

Bing 3.2. Théng s6 ciia qud trinh tong hop nhwa PEKN bién tinh bang AD

Ky higu | Ty ¢ AD thay thé, Chi s6 acid, Khbi lwrgng
mau % mol mgKOH/g nwéc ngung, g
MO 0 28,42 58,62
M1 10 25,63 60,51
M2 15 24,27 63,33
M3 20 23,35 65,67
M4 25 22,12 72,25

Tir Bang 3.2 ¢6 thé thiy, khi ting dan ty 16 thay thé cdu tir AP bang ciu tir AD
lan luot & cac ty 1¢ mol 1a: 0; 10; 15; 20 va 25% mol, chi sb acid ciia mau nhya PEKN
thu duoc giam tir 28,42 xuéng 25,63;24,27; 23,35 va 22,12 mg KOH/g nhya ¢ cung
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diéu kién thoi gian phan tmg. Ngoai ra, khi ting ty 16 cAu tir AD trong thanh phan
nguyén liéu, khdi lugng san pham phu ting tir 3 dén 24% so véi miu khong st dung
AD ban dau. Piéu nay duoc giai thich do trong phan tng ester hoa tao thanh nhya
PEKN, mdi phan tir AD chtra hai nhém cacboxylic (-COOH) nén khi két hop voi
nhom hydroxyl (-OH) s& sinh ra hai phan tir nudc thay vi mot phan tr ¢ truong hop
anhydride [59][60].
3.1.2. Théng 56 ky thudt nhwa va céu triic héa hoc ciia nhwa PEKN dang long bién
tinh bang AD

Tién hanh khao sat anh hudng cua viée dua phan tir AD vao ciu triic nhya dén
thong s6 k¥ thuat san phdm nhan dugc sau téng hop, phuong phap danh gia theo myc
2.3 Chuong 2, két qua thu duogc trinh bay ¢ Bang 3.3 va Hinh 3.1:

Bing 3.3. Théng s6 kj thudt ciia nhwa PEKN bién tinh bang AD

Chi tiéu ky thuat Mo M1 M2 M3 M4
Ty trong long & 23 °C, g/cm? 1,137 1,133 1,134 1,128 1,124
b6 nhét o 25 °C, cP 619 505 465 392 365
Mau sic, Hazen 80,7 85,8 90,3 96,9 103,0
Ham lugng styren, %KL 31,86 31,52 31,06 30,80 30,50
Thoi gian gel hoa, phit 7,20 10,25 11,50 13,33 14,45
Thoi gian dong ran, phut 15,20 16,00 17,45 21,25 22,50
Nhiét do cuc dai, °C 203,4 207,2 206,4 206,1 204,2
S6 vét nirt 0 0 0 0 0

- = A o |

Hinh 3.1. Mau sdc cac mau nhiwa PEKN Iong bién tinh bang AD
Tt Bang 3.3 nhan thay, khi thay thé mot phan cdu tr AP bang cau tir AD &

cac ty 1€ mol khéac nhau thong s6 k¥ thuat ciia nhya c6 sy bién d61 so vaoi mau sur dung

100% cau tr AP trong cong thirc phdi liéu, cu thé:
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Ty trong long: O cing 1 ty 1& nguyén lidu khi thay thé 0; 10; 15; 20; 25% cau
tr AP bang AP ty trong long & 23 °C cuia nhya giam dan tir 1,137 xudng 1,124 g/cm?.

D6 nhot: O ciing mot ham luong styrene khi thay thé 10 + 25% mol cau tir AP
béng AD d¢ nhot cua nhya PEKN nhéan duogc giam 114 + 254 cP, ham lugng AD
cang tang dd nhot cua nhya PEKN nhan dugc cang gidm manh.

Mau sdc: Khi bién tinh ciu tr AP b'flng AD mau sic ciia nhua PEKN nhan
dugc c6 mau vang sang.

Thoi gian déng ran: Khi bién tinh cdu tir AP bang AD di lam ting thoi gian
dong rin ctia nhua PEKN. O ty 18 mol 10%, 15% thoi gian dong ran ting khong dang
ké so v&i mau MO. Khi tang ty 18 mol cau tir AD 1én 20%, 25% thoi gian dong ran
tang 7 + 8 phut so voi mau MO.

Pho hong ngoai bién d6i Fourier (FTIR) 1a mot phuong phap phd bién dé xac
dinh cac lién két trong vat li¢u. Do do, dé xac dinh cac lién két trong cac PEKN, tién
hanh phan tich ph6 FTIR ctia nhiya PEKN ché tao dugc khi thay thé cau tir AP bang
ciu tir AD & cac ty 16 mol khac nhau, két qua thé hién ¢ Hinh 3.2.

600 -
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o o o
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Hinh 3.2. Phé hong ngoai FIIR ciia cdc mau PEKN bién tinh bang AD
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Két qua cho thdy cac mau nhya PEKN bién tinh déu c6 dinh hp thu & murc
743 cm™! va 777 cm™! duoc dai dién cho lién két C-H bén ngoai vong thom cua AP
[61]. Dinh hip thu tai 1722,00 cm™ khing dinh su c6 mit cua lién két khong no a,8
C=0 trong lién két ester [62]. Lién két ankane —CHa ctia PG va AD duoc xac nhin
bdi su c6 mit cua dinh & 1495 cm™ va 1449 cm™ [63], s6 song 1255 cm!, 1378 cm’!
dic trung cho lién két C=C trong phan tir AM [64]. Ngoai ra, con quan sét thay dinh
héap thu & 1121 cm’!, 1066 cm™ cua lién két C-O [65]. Tir d6 c6 thé két luan céu tur
AD da tham gia vao cAu trac mach phan tir nhya PEKN.
3.1.3. Anh hwéng ciia ty 1¢ AD dén tinh chit co' Iy ciia nhwa PEKN

Tinh chat co 1y ctia nhuya PEKN bién tinh dugc khao sat ¢ cac ty 1 thay thé
AD khac nhau. Trudc tién, cac mau do tinh chit co Iy duoc ché tao theo phuong phap
da néu & myc 2.4. Sau khi dé 6n dinh miu 7 ngdy, tién hanh kiém tra tinh chét co ly

ctia nhya, két qua thé hién qua Hinh 3.3 sau:
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Hinh 3.3. Tinh chat co Iy ciia cdc n?ciNu nhya PEKN bién tinh bing AD (a) Do bén
keéo; (b) Module kéo; (c) Do bén uon, (d) Module uon (e) Do bén va ddp

Tir Hinh 3.3 nhén thdy, khi thay thé cau tir AP bang cau tir AD ¢ ty 1& mol
10% va 15% da lam tang tinh chét co hoc cua nhua PEKN thé hién & do bén udn va
d6 bén va dap. O ty 18 15% mol AD d6 bén kéo tiang 7,7%, d6 bén udn ting 15%, do
bén va dép tang 17,6% so vi mau nhua PEKN st dung 100% céu tor AP (MO) trong
cong thirc phéi liéu. Sy c6 mat ciia AD trong mach chinh nhya PEKN lam tang chiéu

dai mach do AD c6 dang mach thang thay vi vong thom nhu & AP, tir d6 gia ting do
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dan hoi, cai thién tinh chat co hoc cho nhya [66]. Ngoai ra, viéc mot phﬁn AD tao
lién két ngang khi nhya dong ran dong vai trd nhu nhitng "canh tay mém" khién ciu
triic mang hoan thién hon ting do bén cho nhua [67]. Khi ting tiép ty 16 mol AD Ién
20% va 25% d6 bén kéo ctia nhya PEKN nhan duoc giam 34 + 46%, do bén udn giam
18 + 25% so v&i mau M2 va bén kéo cuia nhwa PEKN nhan duogc giam 38 + 42%, do
bén udn giam 5 + 14% so voi mau MO. Didu nay duge giai thich do cau tir AP, dic
trung boi vong thom quyét dinh tinh ciing va d¢ gion ctuia nhua, bi acid mach dai (¢
nghién ctru ndy 13 AD) thay thé qua nhiéu dén t6i suy co 1y tinh [68][69]. Tuy d6 bén
va dap ¢ ty 16 mol AD 20% va 25% tang 6 =~ 14% so v6i mau M2 nhung dé dam bao
tinh chit co hoc ctia nhya PEKN nhén duoc sau khi téng hop déu tang, lya chon ty 1¢
mol ciu tir AD thay thé 12 15% cho hudng nghién ciru tiép theo.
3.1.4. Anh hwéng ciia ty Ié AD dén dp bén nhiét ciia nhwa PEKN

Két qua khao sat anh huong cia AD dén do bén nhiét cia nhuya PEKN duoc
thé hién qua Hinh 3.4, Hinh 3.5 va Bang 3 4.

Bdng 3.4. Anh hwong dén d bén nhiét ciia mau nhywa PEKN

- Nhiét do, °C Ham lwgng than
Mau
T10 T50 T1 dinh T2 dinh 6 700°C

MO 342,42 414,71 375,87 523,38 0
Ml 338,33 410,67 376,43 528,33 0
M2 344,46 412,35 376,77 528,33 0
M3 349,90 412,35 376,43 525,26 0
M4 343,44 415,72 375,09 525,26 0

Trong dé: T1o— Nhiét do tai d6 ma mau mat 10% khoi heong (1a nhiét dg mau bt dau
phdn hiy), Tso— Nhiét @6 tai dé mau mat 50% khoi heong, T1 ginn — Nhiét do tai dé toc
dé mat mat khoi lwong t6i da & giai doan 1, T> aim— Nhiét dé tai dé toc dé mdt mat

khoi leong t6i da & giai doan 2.
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Hinh 3.5. Buong cong DTG ciia mdu nhwa PEKN bién tinh bang AD
Hinh 3.4 va Hinh 3.5 minh hoa duong cong TGA va DTG cua cac mau PEKN
cung cap thong tin vé d6 6n dinh nhiét va cac phan tng xay ra. Pudng cong mau M0

cho thiy su giam trong lwong dudi 200 °C do su bay hoi 4m va cac chét phan Gng
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khong hoat dong ctia cac mau. Co thé théy, su bién doi hoa hoc cta cac mau PEKN
xay ra theo hai giai doan riéng biét, thé hién trén duong cong TGA. Nhu Yolanda
Bautista va cong su [70] duoc trinh bay trong cong trinh cua ho, su phan huy cua
nhom dau tién bat dau & 200°C va twong dbi nhanh tir 300 dén 450°C; tong ton that
khéi luong dugc xac dinh 16n hon 90% khdi luong ban dau. Pinh c¢6 thé duoc nhin
thiy véi hinh dang khong d6i xtmg, 1a két qua cua mot sé phan ung. Giai doan thtr
hai dién ra ¢ nhiét d6 trén 450°C va chiém phan khéi luong bi mat con lai. N6 chi ra
rang qua trinh phan huy nhiét véi sy c6 mit ctia oxy tao ra cac san pham dét chay.
Anderson va cong su [71] da nghién ctru qua trinh nhiét phan PEKN trong khong khi
va nhan thdy cac san pham chu yéu c6 thé phan huy dugc tao ra bao gdm
benzaldehyde, hydroxyesters khong bdo hoa, anhydride phthalic va cac san phim
chay nhu carbon dioxide, hydro va mot it khi methane. Learmonth va cong su [72]
dé xuit ring giai doan dau tién lién quan dén viéc loai bo lién két ngang styrene, co
thé bang cach peroxide hoa thanh benzaldehyde. Sau d6, qua trinh phan huy cac chudi
polyester chinh dién ra tao thanh san phim nhiét phan. Tir hinh 3.4 va bang 3.3 cho
thy, nhiét do tai thoi diém mat 10% khdi lugng va 50% khdi lugng cia mau PEKN
bién tinh bang AD gan twong duong mau chua bién tinh M0. Cu thé cac mau nhya
PEKN c6 nhiét d6 bit dau phan hay lan luot 1a 342,42; 338,33; 344.,46; 349,90;
343,44 twong ung véi cac mau MO, M1, M2, M3 va M4. T1 ginh va T2 dinh clla cdc mau
nhira PEKN ciing khong ¢ khac biét 16n & cac mau PEKN bién tinh bing AD. Piéu
nay chimg t6 nhua PEKN sir dung AD khong cai thién duoc tinh chét nhiét.

3.1.5. Nhidn xét chung

Trong nghién ctru ndy, nhyra PEKN di duoc bién tinh thanh cong bang phuong
phap thay mot phan AP bang AD trong thanh phan nguyén liéu ban dau. Qua dé tac
gia rat ra mot s6 nhan xét nhu sau:

- Viéc thay thé mot phan AD bang AP lam cho chi s6 acid giam nhanh hon va
khéi luong nude ngung ting 18n so voi khi khong c6 AD. Sau cung mot thoi gian
phan tmg 10 gid, chi s6 acid cia cac ty 18 khi thay 0; 10; 15; 20; 25% AP bang AD
lan luot 1a 28,42; 25,63; 24,27; 23,35; 22,12 mgKOH/g va tuong ung vdi cac gia tri
khdi luong nudce thu duoc 58,62; 60,51; 63,33; 65,67; 72,25 g.
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- Tinh chét co Iy ctia nhya bién tinh bang AD dat gia tri 16n nhét & ty 1é bién
tinh 15% AD véi d6 bén kéo 56,3 MPa, module kéo 4,13 Gpa, do bén udn 127,36
Mpa, module udn 4,35 GPa.

- Do bén va dép c6 xu huéng tang khi ting dan ty 16 thay thé AP bang AD va
o gia tri 1a 5,54; 6,22; 6,73; 7,15; 7,68 KJ/m? twong ing vai cac ty 1&€ AD 0; 10; 15;
20; 25%.

- Tinh chat nhiét ciia nhya PEKN bién tinh bang AD chua c6 sy khac biét rd
rét. Cac mau nhya PEKN c6 nhiét do bt dau phan hay lan luot 1a 342,42; 338,33;
344,46; 349,90, 343,44 °C tuong ung vdi cac ty 1€ AD 0; 10; 15; 20; 25%.

3.2. Tong hop va khio sit tinh chét ciia nhywa PEKN bién tinh bing
tetrahydrophthalic anhydride (THPA)

Theo két qua nghién ctru & muc 3.1, nhya PEKN bién tinh bang AD da cai
thién tinh chit co 1y, song tinh chit nhiét ctia san phdm van chua duoc ting cuong.
Do d6, dé dat duoc muc tiéu nghién ctru ban dau, muc 3.2 sé tap trung tang tinh bén
nhiét cling nhu nang cao kha nang chiu birc xa UV cho nhya. Dya theo cac nghién
ctru trude ddy, mot s6 anhydride/acid c6 mach vong no hodc thé mot phan vong thom
nhu tetrahydrophthalic  anhydride,  hexahydrophthalic = anhydride, 2,5-
furandicarboxylic acid [69], [73] c¢6 thé giai quyét van d& nay do cac lién két bao hoa
trong mach vong thudng bén nhiét hon lién két doi cia nhan thom [74]. Trén co so
do, nghién ctru s€ Iya chon THPA dé khao sat va bién tinh nhua PEKN.

3.2.1. Anh hwéng ciia ham lwong THPA dén thong sé ciia qud trinh tong hop nhwa
PEKN

Nhya PEKN bién tinh bang THPA véi ty 1& mol thay thé AP lan luot 1a 15;
25; 50; 75% duoc tong hop trong binh cau 4 ¢6 dung tich 1000 ml & méi trudng khi
tro (N2). Phuong phap tong hop nhua PEKN duoc trinh bay ¢ muc 2.2. Ty 18 chi tiét
cac nguyén liéu duoc trinh bay trong Bang 3.5. Anh hudng cua ciu tt THPA dén qua

trinh tong hop nhwa PEKN thé hién qua Bang 3.6.
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Bing 3.5. Ty 1é mol cdc mau PEKN bién tinh bang THPA

Méu PG AM AP THPA
MO 1,20 0,40 0,60 0,00
M5 1,20 0,40 0,51 0,09
M6 1,20 0,40 0,45 0,15
M7 1,20 0,40 0,30 0,30
M8 1,20 0,40 0,15 0,45

Bing 3.6. Thong sé ciia qud trinh tong hop nhwa PEKN bién tinh bang THPA

Ky hi¢u | Ty 1é THPA thay Chi sb acid, Khoi lwgng nuée

maiu thé, % mol mgKOH/g ngung, g

MO 0 28,42 58,62

MS 15 27,05 60,93

Meé 25 28,12 59,84

M7 50 29,34 58,70

M8 75 28,00 60,11

Tir Bang 3.6 nhan thay, chi s6 acid va khdi lugng nuéc ngung thay doi khong
dang ké khi ting ham lugng THPA thay thé. Chi s acid ciia cac mAu nhya téng hop
MO, M5, M6, M7, M8 lan luot 1a 28,42; 27,05; 28,12; 29,34 va 28,00 mg KOH/g.
Khéi lwong nude ngung thu duoc sau 10 gio phan tmg theo thr tu ty 1é thay thé 0;
15; 25; 50; 75% 1a 58,62; 60,93; 58,84; 58,70 va 60,11 g. Chi s6 acid giam, khbi
lwong nude ngung khong bién d6i nhiéu do cu tric phan tr THPA twong dong voi
AP nén phan tng ester hoa hinh thanh lién két -ROOR'- khong bi anh huéng [75].
3.2.2. Anh hwong ciia ham lwong THPA dén thong so ky thudt va cdu triic héa hoc
cua nhwa PEKN dang long

D3 tién hanh khao sat anh hudng cia ty 16 THPA dén cac thong sé k¥ thuat
ctia nhya PEKN nhén duoc. Két qua dat duoc thé hién qua Bang 3.7 va Hinh 3.6:
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Bing 3.7. Thong s6 ky thudt ciia nhwa PEKN bién tinh bang THPA

Chi tiéu k¥ thuat MO0 M5 M6 M7 M8
Ty trong long 6 23 °C, g/cm’ 1,137 | 1,138 | 1,139 | 1,141 | 1,143
Do nhét & 25 °C, cP 619 625 630 633 638

Mau sic Hazen, APHA 80,7 | 80,8 | 75,6 | 750 | 70,2
Ham lugng styrene, %KL 31,86 | 32,03 | 31,95 | 32,06 | 31,64
Thoi gian gel hoa, phut 7,20 7,02 7,76 7,53 7,13

Thoi gian dong rin, phit 1520 | 15,11 | 1532 | 15,41 | 15,02
Nhiét do cuc dai, °C 2034 | 215,7 | 208,7 | 203,2 | 216,0
S6 vét nut 0 1 0 0 1

Hinh 3.6. Mau sdc ciia nhwa PEKN sau téng hop khi bién tinh bang THPA
Dua vao két qua thu dugc co thé thiy viéc thay thé THPA vao thanh phan AP

trong cong thic phdi liéu khong lam anh hudng nhiéu dén thong sé ky thuat so voi
nhua khong bién tinh, cu thé nhu sau:

- Ty trong l6ng: Khi ting ty 1& thay thé THPA tir 15; 25; 50; 75% ty trong long
cua nhya ting twong Umg 1,138; 1,139; 1,141; 1,143 g/cm? do khoi lugng phan tir ctia
THPA (152 d.v.C) nang hon AP (148 d.v.C).

- b6 nhét: Véi cung ham lugng dung méi styrene, do nhét ¢ 23 °C cua céac
mau M5, M6, M7, M8 khong chénh 1éch dang ké so véi mau MO va c6 gia tri 1an luot
la 625; 630; 633; 638 cP.

- Mau sdc: Nhya bién tinh bang THPA déu c6 mau vang sang, chi s mau
trong duong mau tréng.

- Thoi gian dong ran: Khi bién tinh ciu tir AP bang THPA khong lam thay dbi
thoi gian déng rin cua nhua PEKN. Thoi gian dong rin cia nhya bién tinh dao dong

tir 15,02 phiit (75%) dén 15,41 phut (50%) va twong duwong mau khong bién tinh.
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Phén tich ph6 hdng ngoai ctia cac mau nhya bién tinh ¢ cac ty 16 mol THPA

két qua thu dwoc thé hién qua Hinh 3.7.

600 E L it
M8 : | AR
| 1728~ 1258771 T80 11 Teos
500 : o L
o] ' . P i
o 400 : L 1
= M6 Y T\ T
~<~Q P 1 I @
> 1 (I
2 400 : o L
©© M5 ! rY |
m I 1 I:l
200 : o i
MO : A
"\ I
: L 171120 7431
100 |
THPA VNV T I TV
; : Lt ———

| T T iy . '
2400 2200 2000 1800 1600 1400 1200 1000 800 600
Sé séng, cm™

Hinh 3.7. Phé hong ngoai ciia mau nhwa PEKN bién tinh va khéng bién tinh bang
THPA o cdc ty l¢ mol khac nhau

Céu triic hoa hoc cia miu MO va nhya bién tinh bang THPA c6 thé quan sat
duogc qua Hinh 3.7. Su hép thu manh m& & sb song 1728 cm™! dic trung cho lién két
carbonyl (C=0) trong nhdém ester ctia nhwa PEKN [76]. Dao dong ¢ tan s6 1258 cmr
'va 1120 cm! d3 chimg t6 ¢6 sy hinh thanh lién két C-O-C trong phan Gng ester hoa
[77], [78]. Thém vao d6, viéc khong quan sat thay dinh hap thy tai tin s6 1756 cm™
dic trung cho cdu trac maleic anhydride va ortho-phthalic anhydride cang khang dinh
rd rang sy hinh thanh san pham polyester khong no sau qué trinh tong hop [79]. O
tan s6 780 cm™! va 698 cm! déu xuét hién dinh hip thu voi tit ca cac mau nhya PEKN
cho thiy c6 su thé vi tri meta trong vong thom dic trung cho nhom ester phthalate
[80]. Pinh dic trung tai 743 cm’' gy ra bai dao dong cua lién két C-H trong nhan
thom [81] 6 su suy giam cudng do khi ting dan ty 16 thay thé AP bang THPA chimng

t6 viéc bién tinh da thanh cong.
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3.2.3. Anh hwéng ciia ham lwong THPA dén tinh chit co ly ciia nhuwa PEKN

P4 tién hanh ché tao miu dé xac dinh cac tinh chit co 1y cua nhya PEKN téng
hop dugc khi bién tinh bang ciu tir THPA véi cac ty 1é khac nhau. Mau nhya PEKN
sau khi tong hop duoc déng ran bang chat xuc tién cobalt 0,01%KL; chat xuc tac
trigonox 93 (TBPB): 1%KL, & nhiét d6 110 °C trong khudn tao mau. Cac mau sau
khi ché tao dé 6n dinh trong 07 ngay sau d6 tién hanh kiém tra cac tinh chit co 1y.

Két qua thu duoc thé hién ¢ Hinh 3.8.
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Hinh 3.8. Tinh chat co Iy ciia cdc mc?u nhwa PEKN bién tinh bang T. HPA (a) Do
bén kéo; (b) Module kéo, (c) Do bén uon, (d) Module uon (e) Bo bén va dap
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Tu Hinh 3.8 nhan thfiy, tinh chat co ly cua cac mau M5, M6, M7 bién d6i
khong dang ké. Cu thé & mau M5, do bén kéo cua nhua bién tinh giam 1,7%, do bén
ubn giam 1,9%, do bén va dap giam 2,0% so voi mau MO. Miu M6 co do bén kéo
giam 0,9%, do bén udn giam 1,4%, do bén va dap giam 2,5% so v&1 MO. Tuy nhién,
mau & ty 16 thay thé 50% (M7) d bén udn dat 111,32 MPa, d6 bén kéo dat 53,7 Mpa
tang 1an luot 1,5 va 0,5% so voi mau nhia khong bién tinh. Tiép tuc thay thé THPA
&ty 18 75%, tinh chat co 1y ctia nhwa giam manh, do bén kéo giam 14,3%, 46 bén udn
giam 14,5%, d6 bén va dap giam 14,0%. Su suy giam tinh chat co 1y khi sir dung
luong 16n THPA ¢6 thé do hai nguyén nhén chinh: i) Ciu triic mach vong no trong
phan tot THPA dong gop it hon trong vi¢c tao do bén co 1y cho vét liéu so voi mach
vong thom [69]; ii) Trong qua trinh phan tng mot s phan tir THPA bj phan huy pha
v& cdu trac mach vong dan t6i khong dem lai hiéu qua 6 bén nhu mong mudn [82].
3.2.4. Anh hwéng ciia ham lwong THPA dén tinh chit nhiét ciia nhwa PEKN

Két qua khao sat anh huong cia THPA dén d6 bén nhiét cia nhira PEKN
duoc thé hién qua Hinh 3.9; 3.10 va Bang 3.6.
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Hinh 3.9. Puong cong TGA ciia nhira PEKN bién tinh bang THPA ¢ cdc ty 1é mol
khdac nhau
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Bing 3.8. So sanh dé bén nhiét ciia nhiwa PEKN bién tinh bang THPA ¢ cdc ty 1é
mol khac nhau

. Nhiét dg, °C Ham lugng than
Mau
T10 T50 T1 dinh T2 dinh 6 700°C

MO 342,42 414,71 375,87 523,38 0
M5 351,28 412,96 399,25 541,73 0
M6 362,37 417,33 398,91 538,97 0
M7 377,43 426,42 403,96 545,52 0
M8 368,06 424,06 400,59 541,73 0

Trong do: T1o— Nhiét do tai do ma mau mat 10% khoi lwong (la nhiét do mau bat dau
phan hiy), Tso— Nhiét @6 tai d6 mau mdt 50% khoi lwong, T; ginn — Nhiét do tai do toc
do madt mat khoi luwong 16i da & giai doan 1, T> gimn— Nhiét do tai do t6c a6 mat mat

khoi lwong t6i da & giai doan 2.
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Hinh 3.10. Puong cong DTG ciia nhira PEKN bién tinh bang THPA ¢ cdc ty 1é mol
khac nhau.
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Tir hinh 3.9 va bang 3.6 cho thay, nhiét d6 tai thoi diém mat 10% khdi lugng
va 50% khdi lwong ctia mau PEKN cua cac mau bién tinh bang THPA da duoc cai
thién. Cu thé mau bién tinh bang THPA ting tir 9 dén 36 °C so v6i mau khong bién
tinh. T ginh va T2 ¢inn cUla cac mau nhua M5, M6, M7, M8 déu cao hon mau MO. Piéu
nay chtng to nhya PEKN bién tinh bang THPA c6 kha nang chiu nhiét tot hon nhya
ban dau.

3.2.5. Kha ning chiu birc xg UV ciia nhwa PEKN bién tinh bang THPA

Kha ning chiu birc xa UV ctia mau nhya PEKN chua bién tinh va sau khi bién
tinh bang THPA ¢ céc ty 1& khac nhau dugc danh gia thong qua chi sb bién d6i mau
sic AE va do suy giam tinh chét co 1y khi chiéu xa cdc mAu vat liéu trén thiét bj UV
Test theo tiéu chudn ASTM G154-06:2006 trong thoi gian tir 0 dén 1000 gior. Két qua
duoc thé hién trén Hinh 3.11 va Hinh 3.12.
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Hinh 3.11. Sur bién do6i mau sdc ciia nhua PEKN trudce va sau khi bién tinh THPA
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Hinh 3.12. Dé suy giam tinh chat co Iy cia nhia PEKN trueée va sau khi bién tinh
THPA (a) B¢ bén kéo,; (b) Module kéo; (c) Do bén uon, (d) Module uon; (e) Do bén
va dap

Duya vao két qua & Hinh 3.11 c6 thé thay, gia tri AE c6 xu huéng ting dan &

tat ca cac mau khi tang thoi gian chiéu UV. Tuy nhién, mau khong bién tinh (MO) ¢6

d6 bién mau nhiéu nhét dat gia tri 24,92 sau 1000 gid chiéu. Trong khi d6, cac mau

bién tinh c6 AE thap hon va ty 1& thuan véi %mol thay thé AP bang THPA. Két qua
thu duoc khi két thic chiéu UV 1an luot 1a 23,55; 22,96; 20,25; 16,19 tng véi cac ty
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1& bién tinh 15; 25; 50; 75%. Do suy giam tinh chat co 1y thé hién qua Hinh 3.12 cho
thdy, & cac mau M0, M5, M6, M7 c6 thong s ban dau gin twong duong nhau nhung
sau khi chiéu UV tinh chéat co 1y c6 su khac nhau rd rét. Mau MO bi suy giam tinh
chét manh nhat: bo bén kéo giam 32,3%, module kéo giam 48,5%, do bén ubn giam
48,4%, module udn giam 55,4%, do bén va dap giam 54,0%. Cac mau M5, M6, M7,
M8 c6 mirc d6 suy giam it hon ty té theo ham luong chit bién tinh. Mau M8 (bién
tinh bang 75% THPA) suy giam tinh chat co 1y it nhat tuy nhién do tinh chat mau
trude khi chiéu UV ctia mau M8 thip hon cdc miu con lai nén két qua chi twong
duong miu M7. Sy ting cuong kha ning chiu UV cua nhya PEKN bién tinh dugc
giai thich do nhya PEKN t6ng hop tir AP ¢6 chira mach vong thom dé hap thy ning
lwong cua tia UV giy ra cac bién d6i khong mong mudn. O nhua PEKN c6 thanh
phan THPA, s6 luong lién két doi trong mach vong giam dang ké nén kha ning hap
thu tia tir ngoai kém, cai thién kha nang chiu UV cho nhya [83].

3.2.6. Nhan xét chung

Tir cac két qua nghién ctru trong muc 3.2, ¢6 thé két luan nhu sau:

- Nhwa PEKN d4 duoc bién tinh thanh cong bang cach thay ciu tir AP bang
THPA. Viéc bién tinh bang THPA khong gay anh huéng dén thong so trong qué trinh
tong hop ciing nhu thong sé k¥ thuat ciia nhwa thu duoc.

- Nhya PEKN str dung THPA di cai thién déng ké tinh bén nhiét va kha nang
chiu UV so véi nhua dung AP. Mau bién tinh br?mg 50% THPA c6 d6 bén nhiét cao
nhat voi nhiét do bat dau phan hay (T10) ¢ 377,43 °C. Mau thay 75% AP bang THPA
c¢6 kha nang chiu UV t6t nhét v6i AE dat gia tri 16,19.

- Ty 1é thay thé 50% AP bang THPA cho nhua c6 tinh chét tSt nhat véi do bén
kéo 53,7 MPa, d6 bén udn 111,32 MPa va do bén va dap 5,49 KJ/m?, & ty 1é cao hon

s& gy giam tinh chét co 1y cta nhuya.

3.3. Tong hop va khio sit tinh chat ciia nhywa PEKN bién tinh bing
methylhexahydrophtalic anhydride (MHHPA)

Theo nhu két qua da dat dugc ¢ muc 3.2, nhya PEKN c6 thé cai thién dugc do
bén nhiét va kha nang chiu birc xa UV bang cach thay thé cau tir AP bang THPA.
Tuy nhién, khi sir dung THPA dé bién tinh v6i ham luong 16n hon 50% tong s6 mol
AP s& dan dén viéc giam manh tinh chét co 1y ciia nhya. Pong thoi, hiéu qua tang
cuong kha nang chiu UV ctia THPA chua dat dugc muc dich ctia luan van. Do do6, ¢
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ndi dung nay s& trién khai bién tinh nhua PEKN bang MHHPA dé thay thé hoan toan
thanh phan AP trong cong thirc phdi liéu va gia ting manh mé& kha nang chiu UV cho
nhya boi phan tt MHHPA chira mach vong no, it hoat dong hon vong benzene cua
AP.
3.3.1. Anh huéng ciia ham lwong MHHPA dén théng sé ciia qud trinh tong hop
nhwa PEKN

Nhya PEKN duoc tong hop bang phuong phép tring ngung mot giai doan
theo quy trinh dd néu ¢ muc 2.2. Cac mau nhya PEKN bién tinh thay thé cau tir AP
bang MHHPA vdi cac ty 16 mol khac nhau & cung diéu kién chuong trinh nhiét do va
thoi gian tong hop 1a 10 gio. Ty 1é chi tiét cac nguyén lidu duoc trinh bay trong Bang
3.9. Chi s6 acid va khéi lugng nuée ngung ¢ cudi qua trinh duoc thé hién trong bang
3.10.

Bing 3.9. Ty 1 mol cdc mau PEKN bién tinh bang MHHPA

Mau PG AM AP MHHPA
MO 1,20 0,40 0,60 0,00
M9 1,20 0,40 0,45 0,15
M10 1,20 0,40 0,30 0,30
MI11 1,20 0,40 0,15 0,45
MI12 1,20 0,40 0,00 0,60

Bing 3.10. Théng sé ciia qud trinh tong hop nhwa PEKN bién tinh bang MHHPA

Ky hiéu | Ty 1é¢ MHHPA thay thé Chi s6 acid | Khoi lwgng nuéc
mau (% mol) (mgKOH/g) ngung (g)
MO 0 28,42 58,62
M9 25 25,51 59,41
M10 50 23,82 60,24
Ml1 75 22,74 60,86
MI12 100 20,44 61,10

Qua dir liéu ctia Bang 3.10 nhan théy, chi s6 acid ciia mau nhua PEKN sau
phan tmg c6 chiéu hudéng giam khi ting ty 16 MHHPA. Gia tri chi s6 acid 1an luot
la 28,42; 25,51; 23,82; 22,74; 20,44 mgKOH/g tuong ung voéi cac ty 1€ MHHPA
thay thé 0; 25; 50; 75; 100%. Diéu nay cho thiy phan tng ester hoa ctia nhya bién
tinh dién ra triét dé hon so véi nhya ban dau. Nguyén nhén cua hién twong nay do
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su suy giam s lvgng nhom carboxylic (COOH) hay néi cach khéc 1a giam luc tuong
tac noi phan tir trong nhya dan t6i phan tt MHHPA linh dong, dé tham gia phan
g hon AP. Ngoai ra, khéi lugng nude ngung thu duge khi tong hop cac mau nhwra
PEKN bién tinh (M9-M12) déu cao hon méu tréng (MO) cang khang dinh kha ning
tham gia tring hop ctia MHHPA tt hon.
3.3.2. Anh hwong ciia ham lwong MHHPA dén théng sé kj thudt va céu triic héa
hoc ciia nhwa PEKN dang long

D3 tién hanh xac dinh céc thong ) ky thuat cua nhuya PEKN duoc bién tinh
bang cdu tt MHHPA & céc ty 18 khac nhau (M9-M12). Trong d6 bao gom, ty trong
long, ham lugng styrene, chi sé acid va cac thong sb trong qua trinh dong ran cia
mau nhya PEKN véi chat xac tic TBPB va chit xtc tién cobalt theo phuong phap
duoc trinh bay ¢ muc 2.3. Két qua phén tich cac chi tiéu ky thuat ctia cic mau nhua
PEKN duoc so sanh v6i mau nhya chua bién tinh va trinh bay ¢ Bang 3.11.

Bing 3.11. Théng sé ky thudt ciia nhywa PEKN bién tinh bang MHHPA

Chi tiéu k§ thut Két qua phan tich

MO M9 M10 Ml11 M12
Ty trong long ¢ 23 °C, g/cm?® | 1,137 1,138 1,139 1,140 1,141
Do nhot 6 25°C, cP 619 604 583 567 545
Mau sic, Hazen 80,7 73,3 62,1 58,0 41,5
Ham luong styren, %KL 31,86 31,50 31,35 31,60 31,32
Thoi gian gel hoa, phut 7,20 6,35 5,75 5,25 4,25
Thoi gian dong ran, phut 15,20 14,75 13,15 11,75 10,25
Nhiét d6 cuc dai,°C 203.4 206,3 205,6 201,6 200,5
S6 vét nirt 0 0 0 0 0
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Hinh 3.13. Mau sdc cic mau nhwa PEKN [ong bién tinh bang MHHPA

Tir Bang 3.11 nhan thiy, khi thay nguyén liéu AP bang MHHPA d3 lam anh
huong dang ké dén thong sb ki thuat nhwa thu duge. Cu thé, ty trong 1ong & 23 °C
cac mau MO dén MI12 tang tir 1,137 g/em? 1én 1,141 g/em?® do phén tir khéi cia
MHHPA 16n hon AP. Trong khi d6, do nhét cua cac mau bién tinh giam dan theo
chiéu ting ty 16 MHHPA c6 thé giai thich béi hai nguyén nhan: Thtr nhit, qua trinh
bién tinh dd 1am giam s6 luong lién két 7 trong vong thom cua AP dan t6i lién két
noi phan tir bi yéu di, giam do nhét cia nhya. Thir hai, chi s6 acid nhya bién tinh thap
hon ddng nghia véi lwong lién két hydro tao thanh it hon ciing gdy suy giam luc ma
sat ndi phan tir [84], [85]. Tiép dén, mau sic Hazen cta nhwa bién tinh dugc cai thién
13 1ét, & ty 16 thay thé 100% AP bang MHHPA chi s6 mau sic dat 41,5 APHA, giam
48,6% so v&i mau ban dau. Thoi gian dong ran cla cac mau tir MO dén M12 1an luot
1a 15,20; 14,75; 13,15; 11,75; 10,25 phat. Diéu nay cho thiy, viéc thay d6i ciu trac
vong benzene sang cycloankane trong nhuya PEKN gitip phan tng khau mach xay ra
dé dang hon.

Tién hanh so sanh phd hdng ngoai cia nhya PEKN nhan duoc (dd pha lodng
bang styrene) khi str dung cdc ham luong MHHPA khéc nhau trén thiét bi do phd
hdng ngoai. Két qua thé hién qua Hinh 3.14.
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Hinh 3.14. Phé hong ngoai FTIR ciia cdc mau PEKN bién tinh bang MHHPA

Sy thay thé thanh céng vong thom ctia AP bang vong no cia MHHPA c6 thé
quan sat qua pho FTIR cic mau nhya bién tinh MHHPA thé hién qua Hinh 3.11. Pho
hdng ngoai cac mau nhya déu cho thdy c6 dinh hap thy tai 1724 cm™! va dinh bat dbi
xtng 1256 cm™ dic trung cho dao dong cua lién két C=0 va C=C trong ciu triic nhua
PEKN. Su gia ting cudng d6 ¢ tan s6 1067 cm™ gay ra boi nhom ester (-C-O-C-),
trong khi hai dinh & s séng 776 va 699 cm™ cho thdy su xuit hién cua nhom ester
phthalate trong mach phan tir. Tan s6 dao dong 733 cm! dai dién cho lién két C-H
trong vong thom ctia AP. Pinh hép thy tai tan sé ndy giam dan cuong do khi ting ty
16 MHHPA va bién mat & mau bién tinh 100% MHHPA. Thém vao d6, xu huéng
tuong tu cling dugc quan sat thdy véi hai dinh & vi tri 2870 cm™ va 2952 cm! 13 dinh
dic trung ctia nhom CHs trong phan tr MHHPA. Sy bién mat dan dan cac dinh dic
trung ciia AP va gia tang dic trung cia MHHPA da ching minh AP da bi thay thé
bdi MHHPA trong cdu trac mach carbon. Ngoai ra, voi sy ting dan cia MHHPA,
dinh c6 tan s6 1067 cm’! ciia nhém ester -C-O-C- chuyén dich nhe dén viing s6 song
cao hon, trong khi dinh bat di xtmng tai 1256 cm™ ctia nhom C=C di tach d6i hoan
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toan. Diéu nay biéu thi anh hudng cua lién két mach vong no trong MHHPA dén cac

lién két bén canh trong mach PEKN. Dya cac phan tich trén co thé kh'fmg dinh, thanh
phan MHHPA d3 tham gia hinh thanh lién két vao ciu triic nhya PEKN.
3.3.3. Anh hwéng ciia ham lwong MHHPA dén tinh chit co Iy ciia nhwa PEKN

Di tién hanh ché tao miu dé xac dinh cac tinh chét co 1y ciia nhya PEKN tong

hop duoc khi bién tinh bang ciu tit MHHPA voi céc ty 16 khac nhau. Mau nhya PEKN

sau khi tong hop duoc dong ran bang chat xuc tién cobalt 0,01%KL; chat xtc tac

trigonox 93 (TBPB): 1%KL, & nhiét 6 110 °C trong khuon tao mau. Cac mau sau

khi ché tao dé 6n dinh trong 07 ngay sau d6 tién hanh kiém tra cac tinh chit co 1y.

Két qua thu duoc thé hién ¢ Hinh 3.15.
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Két qua do tinh chit co 1y & Hinh 3.15 cho thiy, do bén kéo, module kéo, do
bén ubn, module udn, dd bén va dap cua nhya bién tinh c6 xu huodng tang nhe so voi
mau ban dau. Do bén kéo cia cidc mau tir M9 dén M12 tang lan lugt 0,3; 1,1; 1,7;
3,4% va dat gia tri cuc dai 54,7 MPa. Module kéo mau khong bién tinh c6 gia tri 3,96
Gpa, khi dugc bién tinh bang cau tr MHHPA véi ty 18 25; 50; 75 va 100% module
kéo tang 1é€n tuong Ung 1a 3,97; 4,03; 4,05; 4,08 Gpa. Gia tri do bén udn va module
udn cua nhya PEKN M9, M10, M11, M12 theo tht tu 1a 111,24; 113,46; 115,66;
118,92 MPa va 3,91; 3,97; 4,12; 4,21 Gpa. D6 bén va ddp duoc cai thién nhit & mau
bién tinh bang 100% MHHPA dat 5,75 KJ/m? ting 3,8% so v&i nhua chua bién tinh.
C6 thé giai thich tinh chét co 1y cua nhya bién tinh bang MHHPA ting boi vi kha
ning dong ran ciia mach carbon c6 cdu trac mach vong no tot hon nhin thom, qua
trinh tao lién két ngang gitra cac polymer triét dé hon dan téi kha nang chiu tac dong
cua ngoai luc tang Ién.

3.3.4. Anh hwéng ciia ham lwong MHHPA dén tinh chét nhiét ciia nhwa PEKN

Két qua khao sat anh huong cita MHHPA dén d6 bén nhiét cua nhya
PEKN duoc thé hién qua Hinh 3.16, Hinh 3.17 va Bang 3.12.

Bdng 3.12. Anh huong dén dé ben nhiét ciia mau nhua PEKN

N Nhiét do, °C Ham lwgng than
Mau
T10 T50 T1 dinh T2 dginn 6 700°C

MO 342,42 414,71 375,87 523,38 0
M9 347,37 313,24 383,68 551,56 0
M10 349,05 419,82 390,99 545,40 0
MIl1 355,80 422,18 393,25 557,12 0
M12 365,67 431,25 394,18 561,73 0

Trong dé: T19— Nhiét do tai d6 ma mau mat 10% khoi heong (I nhiét dg mau bt dau
phdn hiy), Tso— Nhiét d6 tai dé mau mat 50% khoi heong, T; ginn — Nhiét do tai dé toc
dé mat mat khoi lwong t6i da & giai doan 1, T> aim— Nhiét dé tai dé toc dé mdt mat

khoi leong t6i da & giai doan 2.
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Bang 3.12 cho thay dit liéu thu dugc tir phan tich TGA va DTG, duogc dic trung
0 nhi¢t do giam khdi lugng. Chirng té nhi¢t d§ & muc giam trong luong 10% dac
trung cho nhiét do phan hity ban dau ting 1én khi ham lwong MHHPA trong cac mau
PEKN tang 1én, ttr 342,42 °C cua MO 1én 365,67 °C ciia M12, muc tang 6,79%. biéu
d6 c6 nghia 1a PEKN ban dau bi phan hity sém hon PEKN bién tinh. Hon nira, T1
dinh cua mau PEKN chira MHHPA ciing cao hon miu PEKN ban dau.

Két qua thu dugc tir cac phép do TGA va DTG cho thay thanh phan MHHPA
duoc dua vao cac mau da anh huong dén hoat dong phan huy nhi¢t cuia PEKN. Sy
phan hity nhiét d ban ddu cia cac mau UPR ting 18n 5 rét khi ting ndng d6 MHHPA
va dat 365,67 °C 6 ty 1€ bién tinh 100% MHHPA. Va T1 dinh duoc quan sat th?iy cao
hon trong cac méu d3 bién tinh, diéu nay cho thdy chudi polyme bién tinh 6n dinh
hon chudi polyme ban dau.

3.3.5. Anh hwéng ciia ham lwong MHHPA dén tinh chit dién ciia nhwa PEKN
Tinh chét dién ctia nhiwa PEKN bién tinh bang MHHPA dugc danh gia qua gia

tri hﬁng s6 dién moi (¢), vung dién &p danh thung (£) va ton hao dién moi khi dat

mau trong dong dién xoay chiéu véi tan sd tir 10% - 10° Hz. Cac két qua duoc trinh

bay trong Bang 3.13 va Hinh 3.18.

Bing 3.13. Ving dién dp danh thing ciia nhwa PEKN ¢ cdc ty 1¢ bién tinh MHHPA

Mau Vung dién ap danh thung, kV/mm
MO 14,93+0,30
M9 15,161+0,30
MI10 16,51+0,30
Ml11 17,54+0,35
MI12 19,14+0,38
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Hinh 3.18. (a) Hang sé dién méi va (b) ton hao dién moi ¢ nhi¢t do phong cua
nhya PEKN bién tinh bang MHHPA

Dua vao két qua tir Bang 3.13 va Hinh 3.18 c6 thé thdy, véi viée ting nong do
MHHPA hing sb dién méi giam trong khoang tan sé duoc khao sat. Diéu nay phu
hop véi xu hudng tang cua dién ap danh thung tang tir 14,93 1én 19,14 kV/mm (tic
1a khoang 28%). Hang s6 dién méi thap hon cua cac mau PEKN dugc bién tinh bang
MHHPA c6 thé dugc giai thich dua trén phan tng cua cac phén tir kich thudc 16n
trong di¢n truong. Noi chung, hﬁng s6 dién méi cua vat liéu phu thudc vao do phan
cuc cling nhu sy dinh hudng ctia cac phan tir trong dién truong. Cac phan tt PEKN
tong hop tir AP chira cac electron m trong nhan thom con cac phan tir PEKN bién tinh
béng MHHPA thi khong. Do d6, dudi tac dung ciia mot dién truong, tinh phan cuc
va mirc do dinh hudng cta cic phan tir PEKN duoc bién tinh bang MHHPA thip hon
s0 voi cac phan tir PEKN tong hop tir AP, dan dén hang sé dién moi thap hon va dién
ap danh thung cao hon. Mt khac, ton hao dién moi cho thdy xu huéng giam ¢ dai tan
s6 thap (100 — 5000 Hz), c6 thé gy ra boi sy phan cuc bé mit phan cach. Su suy
gidm ngay cang ting nhanh trong ving tin s6 cao dugc cho 1a do su giam phéan cuc
ludng cuc cta cac phan tir PEKN, trong d6 d6 phan cuc cao hon di kém véi muc ton
hao dién mdi 16n hon [86]. Thay thé AP bing MHHPA lam ting ty trong nhya PEKN.
Khi ty 1& cia MHHPA ting, ty trong nhya PEKN ting din dén t6n hao dién moi giam
do kha nang dinh huéng giam. S6 do gia tri ton hao dién méi trong khoang 5000 —
10° Hz phu hop v6i xu hudng nay va ciing phu hop véi céc tac gia khac [87].

3.3.6. Khd nang chiu birc xa UV ciia nhwa PEKN bién tinh bang MHHPA

b3 tién hanh thu nghiém kha ning chiu buc xa UV ciia cac mau nhua PEKN

bién tinh bing MHHPA thong qua viéc xac dinh chi s6 bién d6i mau sic AE va do
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suy giam tinh chat co 1y & mau chiéu Oh va 1000h. Két qua duoc trinh bay ¢ Hinh
3.19 va Hinh 3.20.

0 200 400 600 800 1000 1200
Thoi gian chiéu UV, gi®
Hinh 3.19. Sur bién doi mau sdc ciia nhua PEKN trudce va sau khi bién tinh
MHHPA
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Hinh 3.20. Do suy giam tinh chat co 'y ciia nhira PEKN trudc va sau khi’bié’n tinh
MHHPA (a) Do bén kéo; (b) Module kéo; (c) D bén uon, (d) Module uon; (e) Do
bén va dap

Dua vao két qua & Hinh 3.19 c6 thé thay, gia tri AE di c6 su chénh léch 16n
gitta nhya PEKN trén nén AP va nhya PEKN bién tinh MHHPA. Theo do, sau khi
chiéu UV 1000 gio, AE cia mau MO 1a 24,92 trong khi cac mau M9, M10, M11, M12
c6 gia tri lan luot 1a 8,78; 7,70; 6,18; 4,24. O ty 1& bién tinh thay 100% AP bang

MHHPA cho két qua tdt nhat, AE ctia mau so sanh cao hon 5,88 1an mau bién tinh,
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chirng t6 kha nang chiu UV da tang vuot troi. Hién tugng bién d6i mau sic ¢ nhya la
két qua ctia qua trinh oxy héa mach carbon duéi tac dong cuia buc xa tir ngoai hoic
tac nhan nhiét do tao thanh cac nhém mang mau nhu nhém carbonyl hodc nhém chira
lién két d6i. Cac nhom nay chira lién két c6 kha ning hip thy anh sang trong ving
kha kién & nhitng budc song nhét dinh. Sau d6 nhya hién thi mau bd sung (trong
truong hop ndy 1a mau vang) cta anh sang bi hap thy [88]. So voi két qua AE khi
bién tinh bang THPA & muc 3.2.5 c6 thé thady, MHHPA giup ting kha ning chiu UV
cho nhya t6t hon 13 rét. Véi ty 16 tdi vu cia THPA (mau M7) AE dat 20,25 (thap hon
1,23 1an mau trong), trong khi ty 1¢ tdi wu cia MHHPA cho gid tri AE = 4,24 (thap
hon 5,88 1an mau tréng).

Ngoaira, do bén ctia nhya PEKN bién tinh duéi tac dong cua tia UV con duoc
danh gia qua mirc d6 suy giam tinh chét co 1y thé hién trong Hinh 3.20. O tat ca cac
mau PEKN str dung MHHPA déu cho théiy muc dJ suy giam tinh chat duoc cai thién
so v6i nhya chua bién tinh. Tinh chat co Iy ctia nhwa chiéu UV 1000 gid ting ty 16
thuan voi ham lugng MHHPA thay thé. Dic biét, mau M12 st dung 100% MHHPA
thay cho AP c6 do bén kéo suy giam 12,06%, d6 bén udn giam 13,59%, d6 bén va
dap giam 19,83% sau 1000 gio chiéu UV.

3.3.7. Nhan xét chung

Muc 3.3 cua luan van di tién hanh bién tinh nhya PEKN bﬁng cAu tt MHHPA.
Dua vao cac két qua nhén duoc, tac gia rat ra mot sb6 nhan xét nhu sau:

- Pho héng ngoai FTIR da x4ac nhan nhya PEKN duoc bién tinh thanh cong
bang cach thay thanh phan AP trong nguyén liéu baing MHHPA.

- Viéc bién tinh PEKN sir dung MHHPA lam chi s6 acid giam nhanh va khéi
luong nudc ngung ting 1én. O ty 1¢ bién tinh bang 100% MHHPA chi s6 acid giam
con 20,44 mgKOH/g, khéi luong nudc ngung ting 1én 61,10 g.

- Khi tang ty 16 MHHPA, d6 nhét va thoi gian dong ran ctia nhira PEKN 6 xu
huéng giam. Mau nhya PEKN thay hoan toan AP bang MHHPA c6 d6 nhét 545 cP
va thoi gian dong ran 10,25 phit.

- B0 bén nhiét ciia nhua PEKN ¢6 chtra thanh phﬁn MHHPA da duoc cai thién
1 1ét so v6i nhya nén va nhya thu duoc & muc 3.1 va 3.2. Mau bién tinh 100% bang
MHHPA c6 nhiét d6 bat dau phan huy (T10) ting 23,25 °C, nhiét 46 T50 ting 16,54
°C.
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- Nhuya bién tinh b'flng MHHPA c6 tinh cach dién tot hon nhya st dung AP thé
hién qua hang s6 dién moi va ving dién ap danh thung ciia mau M12 ting 28% so
v6i nhua ban dau.

- Ty 1& t6i uu khi thay AP bang MHHPA 13 100%. Vi ty 1& nay do bién mau
sau khi chiéu UV giam 5,88 1an, d6 suy giam tinh chit co Iy sau 1000 gio chiéu UV

tdt hon tir 20-35% so v&i nhua nén.
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KET LUAN VA KIEN NGHI
1. Két lugn

Dua vao cac két qua di trinh bay & trén, d6i chiéu véi muc tiéu va ndi dung
nghién ctru dat ra ban dau, luan van da thu duoc cac két qua nhu sau:

1. i thyc hién thanh cong viée bién tinh nhya PEKN bang phuong phap thay
thé thanh phan AP bang AD, THPA va MHHPA. P khao sat va danh gia anh huéng
clia ting ty 1& chat thay thé AP dén thong sb trong qua trinh tong hop.

2. Tang duoc tinh chat co 1y cho nhwa PEKN béng cach thay thanh phan AP
bang AD. Két qua thu dugc mau PEKN bién tinh c6 ty 1é thay thé AP bang 15,00%
mol AD ¢ d6 bén udn tiang 15,00%, module udn ting 12,69% so v6i mau khong bién
tinh; d6 bén kéo tang tir 52,94 Mpa 1én 56,29 Mpa (tang 6%); do bén va dap ctia mau
bién tinh ting 21,48% so v6i miu ban dau.

3. Thay thé cdu tir AP bang c4u tt THPA theo ty 18 mol 1a 25% va 50%, nhwra
PEKN nhan duoc c6 kha ning chiu UV ting tir 12% + 48% so véi mau nhya PEKN
tong hop tir AP.

4. Thay thé cau tir AP bang ciu tr MHHPA véi ty 1& mol thay thé 1a 100%.
Nhuya PEKN sau khi tong hop kha niang chiu UV ting 26% =+ 69%, kha ning cach
dién ting 28% so voi mau PEKN tong hop tir AP.

Tir cac két qua trén co thé khang dinh da tong hop duoc nhya PEKN ¢é tinh
chét co 1y pht hop nhung kha ning chiu nhiét va khang tia UV vuot tréi. Tir d6 c6
thé dung nhya PEKN cho cac muyc dich sir dung ngoai trdi, mé ra kha niang ung dung
PEKN rdng 16n voi nhiéu muc dich khac nhau.

2. Kién nghi

Trong cong trinh, di nghién ctru thay thé AP bang 3 ciu td AD, THPA,
MHHPA mét cach doc 1ap. Tac gia kién nghi tiép tuc nghién ctru phwong an phdi hop
ba ciu tr nay dong thoi trong qua trinh tong hop PEKN dé danh gia sy anh hudng
ctia chiing khi cing c6 mit trong thanh phan téng hop nhya PEKN & giai doan nghién

ctru tiép theo.
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CONG HOA XA HQI CHU NGHIA VIET NAM
Pjc 1dp — Ty do — Hanh phiic

BAN NHAN XET LUAN VAN THAC Si
(Duing cho nguoi phan bién)

- D& tai: Nghién ctru 4nh huéng mét sé axit anhydride dén qua trinh tong
hop va tinh chit nhya polyester khdng no

- Téc gia: (Hp va tén, noi dao tgo): D6 Duy Khanh, Trudng dai hoc
Phenikaa
- Nganh: K¥ thuat Héa hoc
- Nguodi nhan xét: (Ho va tén, hoc vj, chitc danh): PGS.TS. Nguyén Pham
Duy Linh
- DPon vi: (Khoa, vi¢n, truong): Khoa Vit liéu Hoa hoc va ung dung, Trudng
Vit liéu, Pai hoc Bach khoa Ha Noi
Nhan xét:
1. Tong quan chung
Nhua polyester khong no 1a mot loai nhya nhiét rdn dugce sir dung rat pho bién hién
nay Ung dung trong nhiéu linh vuc khac nhau. Tuy nhién, nhya PEKN c6 nhugc
diém 1a kha ning chiu tia tir ngoai (UV) va bén thoi tiét kém do trong phan tir cia
nhya chira céc lién két doi kém bén d& bj bién dbi duéi tac dong clia moi trqong
Do d6 viéc nghién ciru ndng cao dugc céc tinh chét ciia nhya PEKN 13 mét vén dé
déng dugc quan tam.
Luén van cao hoc dugc trinh bay véi 03 Chuong trong 75 trang va 76 tai ligu tha
khéo.
Luén van dugc trinh bay rd rang, logic, it 18i chinh t in 4n.
Lu4n vin d4 nghién ctru bién tinh dugc nhwa PEKN trong qua trinh tdng hop bing
vige sir dung céc nguyén li¢u thay thé Anhydrit Phtalic bing AD, THPA, MHHPA
14 nhimg két qua dang dugc ghi nhén.
Luén vén da cong bo dugc 01 cong bd khoa hoc trén tap chi qudc té c6 uy tin.
2. Uu dlem, nhlrorc diém ciia ludn van veé ndi dung, hinh thirc
- Tinh cdp thiét ctia dé tai?
Viéc nang cao tinh chat va kha néng umg dung cia nhya PEKN dic biét 1a kha ning
chiu méi truong, thoi tiét dang 14 van d& dugc quan tdm nghién clru ca trong va ngoai
nudc hién nay.
Céc phuong phdp nang cao kha ning chiju tia UV, kha ning chju nhiét cia PEKN ciing
nhu tinh chét co ly cta vt liéu cung da dugc nghién ciru va dé xuit nhiéu trong cac
nghién ciru trude day. Tuy nhién, viéc bién tinh nhya ngay trong qué trinh tdng hop
nhya 12 mét vin dé méi dem lai dinh hudng (ng dung cao va hoan toan nén lam.
- N6i dung luén van c6 phi hep véi dé tai va dép g yéu cdu?
Noi dung ctia luan van dd danh gia anh hudng cua céc nguyén liéu ding dé thay thé
anhydit phtalic trong thanh phan phéi li¢u téng hop nhya PEKN dén tinh chét co ly,
kha nang chiju nhi¢t, kha nang chju UV cia nhya PEKN ché tao dwgc do d6 1a phu hgp
voi dé tai va dap g yeu céu.
- Két qua méi, c6 y nghla khoa hoc v& Iy thuyét, tmg dung?

Ghi chi: Bdn nhdn xét yéu cau danh mdy tir 1-2 trang va giri cho Phong dao tao

dtqlsv@phenikaa-uni.edu.vn truée ngdy bdo vé it nhdt 02 ngay.
QT.DT.SPH.05.M05
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Luin vin dd x4c dinh dugc ty 1€ thich hgp glua cic nguyén lidu thay thé cho AP 1a
AD, THPA va MHHPA dem lai céc tinh chét tét cho PEKN 1a nhitng két qua méi va
c6 y nghia ca vé tmh khoa hoc va ung dyng.

- Nhirng vén dé can bo sung va stra chua?
+ Phén Tong quan ¢on qua nhleu 15i danh phép, tiéng Anh va tiéng Viét 13n 16n
+Tong phin M¢ dau cin v1et lai mo ta phuong phép cho rd nghia
+ Phén tai liéu tham khao cAn b sung ti liéu tham khéo tiéng Viét
+ Phan phuong phép nghién ciru myc 2.4.3 can 1am rd vé hinh dang ciia mau do tinh
chat va d@p (c6 khia hay khong c6 khia).
+ Phén két qua thao lu@n Myc 3.1 can xem xét lai thong s6 vé thoi gian phan {mg, cén
¢6 nhung giai thich cy thé hon vé co ché tham gia phén g cia axit adipic.

+ Cén ra soat xem lai cac luan giai d& mang tinh théng nhat trong phén két qua va thao
luédn

+ Xem lai s6 liéu trong bang 3.13

3. Két luan

Toi dong y dé tac gia D3 Duy Khénh dugc béo vé ludn vén truée Hoi dong chim
luan vén thac si.

XAC NHAN CUA BON VI Ha Néi, ngay tha:tg s cees N ...
N ) Ngudi nhan xét

Ky va an)
V‘/& Nguyén Pham Duy Linh
PO CHANH VAN PHONG DPAIHOC

ThS. Hoang Ghu Phuiong

Ghi chii: Ban nhan xét yéu cdu ddnh mdy tir 1-2 trang va giri cho Phong dao tao
diqlsv@phenikaa-uni.edu.vn truéc ngdy bdo vé it nhat 02 ngay.

----- nITArYINeC
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CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap — Tu do — Hanh phic

BAN NHAN XET LUAN VAN THAC Si
(Dung cho nguoi phan bién)

- béai Nghién ciru anh hudng cia mot s6 axit anhydride dén qua trinh tong
hop va tinh chat nhya polyester khong no

- Tac gia: D6 Duy Khanh, Truong Pai hoc Phenikaa
- Nganh: Ky thuat héa hoc
- Nguoi nhan xét: TS. Vi Ngoc Hung
- Don vi: Khoa Cong nghé sinh hoc, Hoéa hoc va Ky thudt méi trudng
Nhén xét:
1. Tong quan chung
Luan van oom 75 trang, chia thanh 3 chuong, kem theo phin m& dau va két luan.
Chuong 1 gom 18 trang, téc gia di tdng quan ve nhya polyester khong no (PEKN)
theo hudng nghién ciru cua dé tai. Noi dung tong quan phu hop, day du, c6 cap
nhat cdc tai liéu tham khao trong 5 ndm gan day. Chuong 2 gém 8 trang, tac gid md
ta qua trinh thuc nghiém, phuong phép danh gié nhya theo cac quy chuén ky thut.
Chuong 3 la chuong chinh cua luan van, gdm 38 trang, tac gia di phan tich va thao
luan cac két qua thuc nghiém & chuong 2 va so sanh vdi tinh chit nhya da tim hidu
¢ chuong 1 cho cac nghién ciu trude do. Ludn van bé cuc rd rang, hop ly giira cac
chuorng, tai liéu tham khao trich dan day du, c6 cdp nhét nhirng béo cao trong 5
nam gan day.
2. Uu diém, nhugc diém ciia ludn vin vé ndi dung, hinh thirc
- Tinh cip thlet clia dé tai?

Dé tai ¢6 tinh cép thiét cao trong diéu kién san xuit ciia tap doan. Ngoai ra, viéc
thay d01 thanh phén monomer dé bién tinh nhua PEKN la huéng di dugc quan tdm
trén thé giGi nhung con rit han ché & Viét Nam.

- Noi dung ludn van ¢6 phit hop véi dé tai va dap ung yéu cau?

N6i dung ludn vin hoan toan phi hop véi dé tai va dap img yéu ciu cia mot

luén van cao hoc
- Két qua mai, ¢ y nghia khoa hoc vé ly thuyét ng dung?

Dé tai co mot sb két qua mai, ¢ y nghia v¢ ly thuyét va {mg dung nhu: Tang
cudng tinh chit co Iy cho nhya PEKN (do bén udn ting 6%, do bén va dap téng
21,48% v6i sy ¢6 mit ciia AD; tinh chét co ly tang tr 12-48% voi su ¢6 mit cua
THPA va 26-69 % voi su ¢6 mat cia MHHPA). Nhya tong hop ra da dugc ing dung
cho san phim da thach anh nhan tao va cho két qua tét. Ngoai ra, tac gia ciing da c6 1
cong bd khoa hoc lién quan dén noi dung nghién ctru ctia luan van.

- Nhimg van dé cin bd sung va sira chira?
Mot s6 hinh v& cin dé c& chir to hon dé dé quan sat (vi du: hinh 3.3,3.4...)

3. Kétluin

T6i dong y dé tic gia P§ Duy Khanh duogc bao vé luan van truée Hoi dong chim
luédn van thac si.
Ghi chii: Bin nhén xét yéu cau ddnh mdy tir 1-2 trang va giri cho Phong dao tao

diqlsv@phenikaa-uni.edu.vn trudc ngay bao vé it nhat 02 ngay.
QT.DT.SPH.05.M05
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Cau héi trao ddi: Trong thanh phan PEKN, ham lugng cua Styrene chiém dén 32%,
vdy khi ham lugng Styrene thay ddi c6 anh hudng gi dén tinh chit nhua khong? Pa ¢
nghién ciru nao thay thé mot phén dung mdi styrene trong nhya PEKN chua?

Ha Néi, ngay 12 thang 01 nam 2024
Ngwoi nhan xét
(Ky va ghi ré ho tén)

Vii Ngoc Huing

Ghi chii: Ban nhdn xét yéu cdau ddnh mdy tir 1-2 trang va gui cho Phong dao tao

dtqlsv@phenikaa-uni.edu.vn trudc ngay bdo vé it nhdt 02 ngay.
QT.DT.SDH.05.M05
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DANH SACH HQI PONG PANH GIA LUAN VAN THAC Si

(Ban hanh kém theo Quyét djnh so: ........../QD-DHP-DT ngay ... thang ... ndm 202
Cua Hi¢u truong Truong Dai hoc Phenikaa)

Trach
STT Ho va tén Co quan cong tic nhi¢ém trong Ky xdc nhan Ghi ch
Hoi m?.m A
PGS.TS. Pao Vin Duong Dai hoc Phenikaa Chu tich %
1 /A —
5 PGS.TS. Nguyén Pham Duy Linh Dai hoc Bach khoa Ha Noi Phan bién 1 %§
- ; : 5 Phan bia ,
3 TS. Vii Ngoc Hing Dai hoc Phenikaa an bién 2 AwWW_\ 3
4 | TS. Vii Ngoc Phan Pai hoc Phenikaa Thu ky uwﬁ/\
: /
TS. Bui Thj Thu Trang Dai hoc Cong nghiép Ha Noi Uy vién D?%Q\

Hgi dong gom 05 thanh vién./.
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TRUONG DAI HQC PHENIKAA ~ CONG HOA XA HQI CHU NGHIA VIET NAM
PHONG DAO TAO Péc lap - Tu do - Hanh phuc

BIEN BAN CUA HOI PONG CHAM LUAN VAN THAC SY

Can ctr Quyét dinh sd: 2437/Qb-DHP-SPH ngay 29 thang 12 nam 2023 cua Hleu trudng
Truong Pai hoc PHENIKAA vé viéc thanh 1ap Hoi dong chém ludn vén Thac st gom 5 thanh
vién. Hoi dong da hop vao ngdy 13 thang 01 nam 2024 tai phong hop s6 3, ting 28 tda nha A9
Truong Dai hoc PHENIKAA, dé chdm luan van Thac si cho hoc vién:

Hoc vién: D6 Duy Khanh

Tén dé tai: Nghién ciru anh huéng mét sb axit anhydride dén qua trinh tong hqp va tinh
chit cia nhua polyester khong no

Nganh: K¥ thudt hoa hoc

Ma sb: 8520301

Ho tén va chirc danh ngudi huéng din: TS. Pham Anh Tuin

Sé thanh vién c6 mit trong phién hop chdm ludn van l1a: 5 ngudi, véng mat: 0

STT Ho va tén Chirc vu hi dong C?)i/lgy
1 | PGS. TS. Do Vin Duong Chu tich Hoi dong /W
2 | PGS. TS. Nguyén Pham Duy Linh Phan bién 1 /W
3 | TS. Vii Ngoc Hung Phén bién 2 _:{9;
4 | TS. Bui Thi Thu Trang Uy vién M
5 | TS. Vi Ngoc Phan Thu ki 4/ /
/

TIEN TRINH CUA HOI PONG

1. Hoi dono nghe tic gii trinh bay tém tit ndi dung ciia luin vin
Luén van goém 4 phén, cu thé:
1. Tdng quan
2. Chuong 2: Héa chit va phuong phap nghién ctru
3. Két qua va thao luan
4. Kétluan
2. Nhin xét ciia tirng thanh vién trong Hoi dong
2.1. Phan bién 1
PGS. TS. Nguyén Pham Duy Linh doc nhén xét va dit cau hoi:
- Luan van dugc trinh bay tot di con nhiéu 13i chinh ta.
- Noi dung ludn van da danh gia dugc anh hudng cia céc hop chit trén co s& anhydride
t6i tinh chit cia nhwa PEKN.
- Canbd sung cac tai liéu tham khao do cac nhom nghién ciru trong nuéce thuce hién.
- Cén giai thich ky hon vé co ché phan {ing cta axit adipic.

Cau hoi: ’
- Hoc vién hay cho biét Trigonox 93 la gi? ]
- Hoc vién c6 do khoi lugng phan tir ciia PEKN, néu c6 thi dung phuong phap nao?

2.2. Phan bién 2
TS. Vii Ngoc Hung doc nhan xét va dat cau hoi:

Thu ky hoi dong phai ghi day dii vao cdc muc cua Bién ban Page 1 of 3
QT.DT.05.M06
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- Ludn vén ¢6 b cuc hop 1y, tai li¢u tham khao cdp nhat
- Noi dung nghién ctru 6 tinh cp thiét cao, vira c¢6 y nghia khoa hoc, vira ¢ y nghia
ung dung thyc té.

Céu hoi:
- Trong thanh phan nhya PEKN, khi ham lugng styrene thay dbi thi c6 anh hudng dén
tinh chat cia PEKN khong?

2.3. Cdc cdu héi khdc trong Héi dong
TS. Bui Thi Thu Trang - uy vién
- Phan tai liéu tham khao cén viét dung mau va théng nhat.
- Hoc vién nén giai thich rd hon vai trd cia AD va AP trong phén tng ester héa tong hgp
nhua PEKN.

TS. Vi Ngoc Phan — Thu ky
- Cn bd sung nhi¢u hon céc nghién clru trong va ngoai nudc dé dua ra ly do chon dé tai.
- Ly do hoc vién chon ty 1é AD/THPA/MHHPA 15/50/35?
- Can chinh stra mot s6 13i chinh ta.

PGS. TS. Dao Vin Duong — Chu tich
- Can viét lai tdng quan dé néi rd hon vé cac phuong phap téng hgp nhya PEKN.
- Hoc vién ¢6 thé 1am rd hon su thay ddi vé ciu tric nhua PEKN khi thay thé AP bi’mg
cac hop chit anhydride.
3. Tac gia ludn vin tra 1oi
- Trigonox 93 la tén thuong mai cua Tert-butyl peroxybenzoate.
- Em chua thuc hién phép do khéi lugng phan tir nhya PEKN.
- Ham luogng styrene ¢ anh hudng dén tinh chit cia PEKN vi day 1a hop chét c6 vai trd
dong ran.
- Dy la nhirng két qua thuc nghiém ban déu nén em méi chon ty 1& nay.

4. Danh gia ciia Hoi ddng chAm ludn viin Thac si (Chii tich hdi ddng két luin)
4.1. Uu diém
- Luén vin ¢6 hinh thirc va bd cuc hop ly.
- Két qua da danh gia dugc da danh gia dugc anh huéng cia cac hgp chit trén co s&
anhydride tdi tinh chat ctia nhua PEKN.

4.2. Thiéu sot, ton tai
- Conmot so 16i in an.

4.3. Y kién cua Hoi dong vé viéc hoc vién phdi sira chita va ndp lai lugn van
- Hoc vién can b sung céc tai li¢u tham khao dé tdng quan rd hon vé huéng nghién ctru.
- Hoc vién cén chinh sira mét s§ 13i in 4n.

5. Hoi dong tién hanh cho diém, bd phleu
Két qua Piém trung binh ctia cic Uy vién trong Hoi dong:

Piém Luin vin: 8,36/9 diém
biém cong trinh khoa hoc: 1/1 diém
Thu ky hoi dong phai ghi ddy dii vao cdc muc cua Bién ban Page 2 of 3

QT.DT.05.M06
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6. Két lujn
Hoi dong dé nghi cong nhin hoc vj Thac si cho 6ng DS Duy Khéanh

.. Ha N¢i, ngay 13 thang 01 nam 2024
THU KI HOI DONG CHU TICH HQI bONG

L
TS. Vi Ngoc Phan PGS. TS. Pao Vin Duong

Thu ky héi dong phai ghi ddy dii vao cde muc ctia Bién ban Page 3 of 3

QT.DT.05.M06


https://v3.camscanner.com/user/download

TRUONG DAI HOC PHENIKAA CONG HOA XA HOI CHU NGHIA VIET NAM
PHONG DAO TAO Pijc lap — Twr do — Hanh phiic

BIEN BAN HOP BAN KIEM PHIEU
HOI PONG CHAM LUAN VAN THAC SI

Can ctr Quyét dinh sé: 2437/QD-DHP-SDH ngay 29 thang 12 ndm 2023 cia
Hiéu trudng Truong Dai hoc PHENIKAA vé viée thanh 1ap Hoi dong chdm luan van
Thac sT gdm 5 thanh vién. Hoi déng da hop vao ngay 13 thang 01 nim 2024 tai phong
hop s6 3, ting 28 toa nha A9 Truong Dai hoc PHENIKAA, dé chim luén van Thac si
cho hoc vién: D6 Duy Khanh
Véidé tai:  Nghién ciru anh hudng mdt sé axit anhydride dén qua trinh tong
hop va tinh chiit ciia nhua polyester khong no
Nganh: ....... K¥ thudt hoa heeesssummmommns M3 58:....8520301 coocvevrerreeerreerennne
S6 thanh vién co mat: ....... o BT, VARE sl sssssassssasssaass
Hoi dong da bau ban kiém phiéu gdm:
1. Truéng ban: PGS. TS. Nguyén Pham Duy Linh
2. Uy vién: TS. Bui Thi Thu Trang
3. Thu ki: TS. Vi Ngoc Phan

- 6 phiéu phat ra: 5

- $6 phiéu thu vé: S
Két qua bo phiéu:

- Sb phiéu hop 1&: 5

- 6 phiéu khong hop 1¢: 0

- Piém trung binh ctia lun vin: 8,36

- Diém trung binh ctia céc cong trinh khoa hoc: 1,0

THU Ki BAN KIEM PHIEU TRUONG BAN KIEM PHIEU
(Ky va ghi ré ho tén) (Ky va ghi ré ho tén)
TS. Vii Ngoc Phan PGS. TS. Nguyén Pham Duy Linh

QT.DT.05.M07
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BO GIAO DUC VA PAOTAO ~ CQNG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAl HQC PHENIKAA Doc 1ap - Tu do - Hanh phiic

PHIEU NHAN XET VA CHAM DPIEM LUAN VAN THAC SI

Ho va tén hoc vién: D6 Duy Khénh

Nganh/chuyén nganh: Ky thuét héa hoc Mi sb: 8520301

Tén dé tai ludn van: Nghién ciu anh hudng mot sb axit anhydride dén qua trinh tong
hop va tinh chat cua nhua polyester khong no

Ngay hop Hoi dong danh gia luan van: 13/01/2024

Dia diém hop: phong hop sb 3, ting 28 tda nha A9, Trudng Dai hoc Phenikaa.
1. Nhan xét

............... M qi...;u....!?m&..xt.....Ccm &wcf%w/amotdtafwm%f

..........................................................................................................................................................
..........................................................................................................................................................

..........................................................................................................................................................

X > X R
2. Ket qua cham diém

oA
biem

TT Noi dung dianh gia Piém toi da d4nh gis

Noi dung luiin vin:
1 | - Y nghia khoa hoc ctia d€ tai; su phu hop cua tén dé tai, 6,0 &5
ndi dung, nganh dao tao; trich dan tai liéu tham khao;
phuong phap nghién ciru; két qua nghién clru méi.

Hinh thire lufn vin: 1.0 AD
2 , A 5 A & \ , N \ ’ ’
- Cau tric, ndi dung ctia ludn van; hinh thic trinh bay.

Ky ning bio cio:
3 | - Noi dung bai bdo céo; tac phong trinh bay; kha néng tra
10 cau hoi ciia Hoi dong.

2,0 2.0

Thanh tich nghién ciru:

- Bai bao khoa hoc lién quan dén luan vin cong bo trén
4 |tap chi khoa hoc chuyén nganh (trong nudc, quoc té)
hogc d& tai dugc chuyén giao, sir dung trong thyc t€ (da
dugc noi (mg dung xac nhin bing van ban).

1,0 40

Téng cdng (co thé 1é dén mét chit s6 thdp phdn) 10 s

; 3 . ~
biém bang chir:... Chén. . XdeC. .o
Ngay 13 thang 01 nam 2024

Thanh vién Hoi dong
(Ky va ghi ré ho tén)

=B

Vel }Jaog Hw’«'%
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BO GIAODUC VA DPAOTAO  CONG HOA XA HQ1 CHU NGHIA VIET NAM
TRUONG DAI HQC PHENIKAA Pic 1ip - Ty do - Hanh phic

PHIEU NHAN XET VA CHAM PIEM LUAN VAN THAC Si

Ho va tén hoc vién: D3 Duy Khanh

Nganh/chuyén nganh: Ky thuat héa hoc Mi s6: 8520301

Tén dé tai lugn van: Nghién ciru dnh huéng mot s6 axit anhydride dén qua trinh téng
hop va tinh chit ctia nhya polyester khong no

Ngay hop Hoi dong danh gia ludn van: 13/01/2024

Pia diém hop: phong hop s 3, tﬁng 28 toa nha A9, Truong Dai hoc Phenikaa.
1. Nhin xét

.........................................................................................................................................................

.........................................................................................................................................................

..........................................................................................................................................................

X - X oA
2. Ket qua cham di¢ém

oA
Diem

. , o « X Ko
TT Noi dung dinh gia biem toi da d4nh gid

Noi dung luan van:

1 |- Y nghia khoa hoc cua dé tai; su phu hgp cua tén dé tai, 6,0 5‘ (
ndi dung, nganh dao tao; trich dan tai li€u tham khao; /
phuong phap nghién ctru; két qua nghién clru mdi.

Hil:h th’l'rc ll::?m vin: ‘ A ‘ o ‘ 1,0 /ffo
- Cau trdc, ndi dung cua ludn van; hinh thic trinh bay.

Ky¥ ning bio cio:
3 |- Noi dung bai bao cdo; tic phong trinh bay; kha néng tra 2,0 2’ 0
101 cdu hoi cua Hi dong.

Thanh tich nghién ciru:

- Bai bao khoa hoc lién quan dén luan vin céng bd trén
4 | tap chi khoa hoc chuyén nganh (trong nudc, qudc té) 1,0 A .
hodc dé tai dugc chuyén giao,‘sir dung trong thuc t€ (da
duoc noi img dung xac nhén bang van ban).

Tong cdng (c6 thé Ié dén mét chi sé thdp phdn) 10 9’ {

Ngay 13 thang 01 nam 2024
Thanh vién Hgi dong
(Ky va ghi ré ho tén)
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BO GIAODUC VADAOTAO  CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAI HQC PHENIKAA "Djc lap - Ty do - Hanh phic

PHIEU NHAN XET VA CHAM PIEM LUAN VAN THAC SI

Ho va tén hoc vién: D3 Duy Khanh

Nganh/chuyén nganh: Ky thudt hoéa hec Mai s6: 8520301

Tén dé tai ludn van: Nghién clru anh hudng mét sb axit anhydride dén qué trinh tdng
hgp va tinh chat cia nhya polyester khong no

Ngay hop Hoi dong danh gia ludn van: 13/01/2024

Dia diém hop: phong hop s 3, tz‘ing 28 tda nha A9, Trudng Dai hoc Phenikaa.
1. Nhén xét

..........................................................................................................

---------------------------------------------------

K - 4 R
2. Ket qua cham di¢m

oA
Piém

JA: o da ia ié i
TT N§i dung dinh gia bi¢m toi da danh gia

Noi dung luiin viin:
1 |- Y nghia khoa hoc cua dé tai; su phu hop cua tén dé tai, 6,0 9 q__
ndi dung, nganh dao tao; trich dan tai liéu tham khao;
phuong phap nghién ctru; két qua nghién clru méi.

Hinh thirc luin vin: 1.0 /1 5
4 ’ A » ~ - Y ’ N s ?
- C4u truc, ndi dung ctia ludn van; hinh thic trinh bay. ;

Ky niing bio cio:
3 | . Noi dung bai bdo cdo; tic phong trinh bay; kha nang tra | 20 A&
161 cau hdi cua Hoi dong.

Thanh tich nghién ciru:

- Bai bdo khoa hoc lién quan dén ludn van céng b trén
4 |tap chi khoa hoc chuyén nganh (trong nudc, quég té) 1,0 /f. 0
hogc dé tai dugc chuyén giao, sir dung trong thuc 1€ (da
duoc noi tmg dung xac nhéan bang vén ban).

Tong cong (co thé 1é dén mot chit s thdp phdn) 10 g 2

, 3 sl 7 4 ‘
Piém bang chil:...(4 M ..............

Ngay 13 thang 01 nam 2024
Thanh vién Hpi dong
(Ky va ghi ré ho tén)

ol

baw T/ MWTW?/
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BO GIAO DUC VADAOTAO ~ CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAI HQC PHENIKAA Djc 1ap - Tu do - Hanh phiic

PHIEU NHAN XET VA CHAM PIEM LUAN VAN THAC Si

Ho va tén hoc vién: D4 Duy Khénh

Nganh/chuyén nganh: Ky thuat héa hoc Mai s6: 8520301

Tén dé tai luan van: Nghién ciru anh hudng mot s6 axit anhydride dén qua trinh téng
hop va tinh chat cua nhua polyester khong no

Ngay hop Hoi dong danh gia luan vin: 13/01/2024

bia diém hop: phong hop $6 3, téng 28 toa nha A9, Truong Dai hoc Phenikaa.

1. Nhin xét
A 4 9 i
ﬂf&"”"z“w““?““fﬁ‘“’“‘“”?"“?‘“

o C a0 A L Bl Bt
........................................................................ e —————

X - 4 «R
2. Ket qua cham di¢m

Piem

YA 2 e «R Ke
TT Noi dung danh gia Di¢m toi da dinh gid

Noi dung luiin vin:
i 1- Y nghia khoa hoc cta dé tai; su phu hop cua tén dé tai, 6,0 5‘(
ndi dung, nganh dao tao: trich dan tai liéu tham khao; !
phuong phap nghién ciru; két qua nghién ciru méi.

’ Hm'h thllrc llf::lll vin: ‘ o o ‘ 1,0 /%
- Cau truc, ndi dung cua ludn van; hinh thire trinh bay. )
Ky niing bio cio:

3 | - N¢i dung bai bdo céo; tac phong trinh bay; kha ning tra 2,0 A, ‘)

161 cdu hoi cua Hoi dong.

Thanh tich nghién ciru:

- Bai bao khoa hoc lién quan dén luan vin cong bo trén
4 | tap chi khoa hoc chuyén nganh (trong nuéc, quéc té) 1,0 4,0
hoic dé tai dugc chuyén giao, sir dung trong thuc té (da
duoc noi tmg dung xac nhan bing van ban).

Téng cong (ci thé Ié dén mt chit s6 thap phdn) 10 \7} 3

5 o ) / P =
Diém bing chir:... Cﬁ!«/fi’]'éﬁ .......
Ngay 13 thang 01 nam 2024

Thanh vién Hgi dong
(Ky va ghi ré ho tén)

T
(/uf/\ygh lha,
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BOQ GIAO DUC VA PAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAl HQC PHENIKAA Dijc lap - Tw do - Hanh phiic

PHIEU NHAN XET VA CHAM PIEM LUAN VAN THAC Si

Ho va tén hoc vién: D& Duy Khanh

Nganh/chuyén nganh: Ky thuat héa hoc Mai sb: 8520301

Tén dé tai ludn van: Nghién ciru anh hudng mét s axit anhydride dén qua trinh ting
hop va tinh chat cua nhya polyester khong no

Ngay hop Hoi dong danh gia ludn vin: 13/01/2024

Dia diém hop: phong hop s6 3, tﬁng 28 tda nha A9, Trudng Dai hoc Phenikaa.

..........................................................................................................................................................

K - X e R
2. Ket qua cham di¢m

L pidm t&i d Diém
TT N6i dung dinh gia icm toi da dinh gid

Noi dung luiin vin:
1 |- Y nghia khoa hoc ctia dé tai; sy phi hop cua tén de tai, 6,0 53
ndi dung, nganh dao tao; trich dan tai liéu tham khao;
phuong phap nghién ciru; két qua nghién ciru méi.

Hinh thic lufin vin:
X ’ a-‘ 5 A - 0 ’ 0 2 1,0 4‘ 0
- C4u tric, ndi dung cta ludn vén; hinh thirc trinh bay.

Ky ning bio cio:
3 | - Ngi dung bai bao cdo; tac phong trinh bay; kha nang tra 2,0 2,0
161 cau hoi cua Hoi dong.

Thanh tich nghién ciru:
- Bai bao khoa hoc lién quan dén luin van cdng bd trén

4 | tap chi khoa hoc chuyén nganh (trong nuéc, qudc té) 1,0 1,0

hodc dé tai dugc chuyén giao, sir dung trong thuc té (da

duoc noi tmg dung xdc nhan bing vin ban).

Tong cdng (co thé 1é dén mét chit s thip phdn) 10 }/ 2

Ngay 13 thang 01 nam 2024
Thanh vién Hji dong
(Ky va ghi ré ho tén)

ﬂ.

Vg Hown Diy ik


https://v3.camscanner.com/user/download

CONG HOA XA HOI CHU NGHIA VIET NAM
Poc Idp — Tw do — Hanh phiic

BAN XAC NHAN CHINH SUA LUAN VAN THAC SI

Ho va tén tac gia lufn vin: P8 Duy Khanh Ngay sinh: 25/09/1998
Khoa: 2021-2023 M3 hoc vién: 21800062
Nganh/Dinh hudng: K§ thuat hoa hoc M3 s6 nganh: 8520301

P& tai luan van: "Nghién ciru anh hidng mét s6 axit anhydride dén qué trinh téng hop

va tinh chat nhua polyester khéng no"

Nguoi huéng dan, don vi cong tac: TS. Pham Anh Tudn — Truong Pai hoc Phenikaa
Ngudi huéng dén khoa hoc va Hoi ddng chdm ludn vin xac nhin hoc vién da

sira chita, bd sung luin vin theo bién ban hop Hai dong ngiy 13/01/2024 véi céc ndi

dung sau:

1: Bb sung tinh hinh nghién ciru vé nhua PEKN trong muc 1y do chon dé tai

2: B sung cac nghién ciru trong nude lién quan dén nhira PEKN trong tiéu muc 1.4.2

3: Giai thich co ché phan tng ciia adipic acid & trang 10 va 11

4: B sung thém tiéu muc 1.2.3: "Céc phuong phép téng hop nhya PEKN"

5: Trinh bay su bién @i c4u triic nhwa PEKN khi thay AP bing THPA va MHHPA &

trang 10

6: Loai bo muc 3.4 va 3.5 lién quan dén phan két hop cac axit/anhydride

7: Sép xép va trinh bay lai tai liéu tham khéo theo dang quy dinh

8: Chinh stra céc 15i in 4n trong ludn van

Ha Néi, ngay 19 thdang 01 nam 2024

XAC NHAN (TAP THE) NGUOT HUGNG DAN TAC GIA LUAN VAN
KHOQA HOC (Ky va ghi rd ho tén)
(Ghi y kién, kpva ghi rd ho tén} }
ool il forr b AT o leedCul W y L& (D ol .
AL {[(75:,\ /r' Z(_, iy 4-‘3 . ) Lf_j ﬂlc”(/jtf//
(Hrop _—— =
e —
- . L = .
_— TS Pham Anh Tuan Do Duy Khénh

XAC NHAN CUA CHU TICH HQI BONG
(Ghi y kién, ky vi ghi 73 ho tén)

PGS.TS. Pao Vin Duong

QI.DT.SBH.05.M10
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