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Low viscosity; Accelerator; resin system uses diethyl toluene diamine as a curing agent, 1,6-

Curing time Hexanediol diglycidyl ether as a diluent to reduce viscosity, and 2,4,6-
Tris(dimethylaminomethyl)phenol as an accelerator to adjust the curing
reaction time. The structure of the epoxy resin is characterized by Fourier-
transform infrared spectroscopy (FTIR). Thermal stability is evaluated
using Thermogravimetric analysis (TGA) and Differential scanning
calorimetry (DSC). The equivalent weight of the epoxy is determined by
the ASTM D1652 chemical titration method. The viscosity and gel time
under high temperature and high-pressure conditions are determined
using a specialized Consistormeter according to APl standards. The
compressive strength UCA of the epoxy is assessed after 24 hours of
curing. Rheological parameters are determined using a rheometer and
FANN viscosity meter. Experimental results show that the resin has low
viscosity, can cure in water, and the material after curing exhibits high
mechanical strength and thermal stability. It has an appropriate curing
time and viscosity under conditions of 85°C and 35.6 MPa.

Gidi thiéu chung chan su dich chuyén cla luu thé khéng mong mudn va
dam bdo an toan van hanh giéng [1]. Nguyén nhan
Cong nghé tréam ép la giai phéap k§ thuat quan trong chung la do su suy gidm tinh cach ly cta vanh da xi
trong khai thac dau khi, dugc s&t dung nham x ly céc mang, vi vay cd thé dugc x( ly hiéu qué bang cong nghé
khuyét tat trong vanh xuyén xi mang gilia cac 6ng tram ép vdi vat liéu va thiét bi phu hgp. Nhiéu loai vat
chéng hodc gilta 6ng chéng vdi thanh giéng, gilip ngan liéu co cudng do cao, do thadm thap va mé dun dan hoi
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thap nhu xi mang silicat truyén théng, xi mang siéu min,
siéu siéu min, gel polymer va nhua polymer d& dudc su
dung dé tram bit [2-4]. Tuy nhién, cac vat liéu nay van
ton tai mot s6 han ché nhat dinh du da dugc Ung dung
thuc tién [5,6]. Vi dy, xi mang siéu min khd xam nhap
vao cac 16 ¢o kich thudc nhd hon 300 micromet va dé
bi nhiém ban. Gel polymer c6 thé thdm vao cac khe nho
nhung lai c6 dé bén ca hoc va kha nang bam dinh han
ché [7,8,10].

Nhua epoxy la mét polymer nhiét ran, hé nhya bao gdom
epoxy nén, chat pha lodng lam giam dé nhdét clia nhua,
chdt dong rén va chét xdc tién dung dé diéu chinh thai
gian cho phan ting déng ran [11] [12]. Khi déng ran, nhua
epoxy hinh thanh mang Iudi lién két ngang mang lai do
bén ca hoc cao, tinh dan hdi tét; co kha nang bam dinh
t&t; bén dudi tdc ddng &n mon; bén nhiét, dap Ung nhiét
do st dung co thé cao tdi 145°C. Nhua epoxy khéng
chtta pha rén nén cé do linh déng cao, dé dang tham
nhép tét vao cac khe ndt nhd. Epoxy bén trong moi
trusng mét s6 hda chat &n mon manh & nhiét do tdi
93°C, bén trong hydrocarbon va alcohol. D6 bén nén
clia vat liéu epoxy tir nam trong khoang 56 - 70 Mpa va
cudng dé bam dinh ¢ thé cao gép 9 1an so vdi xi mang
Portland [13]. Diglycidyl ether cla bisphenol-A (DGEBA)
dugc tao ra tU phadn Ung cla nhom epoxy trong
epichlorohydrin v&i nhom hydroxyl trong bisphenol-A
trong moi trudng co chat xUc tac baza nham hé trg loai
bd HCI khoi phan Uing tring ngung, NaOH la chét dugc
st dung phé bién nhat. Cac tinh chét cla nhua DGEBA
phu thudc vao sé don vi lap lai n.
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Trén co s& Ung dung nhua epoxy dé tram ép stra chira
giéng nham nang cao chét lugng vita xi méng va ngan
ngla hién tugng ap suét gilia cac c6t 6ng chéng va
dong chay ngoai 6ng, nhom tac gid nghién clu t6ng
hap nhua epoxy dé nhdt thdp co khd nang dong ran
trong nudc Ung dung tram ép cac cong trinh dau khi.

Thyc nghiém va phuang phap nghién cu

T6ng hap nhua diglycidyl ether ctia bisphenol A (DGEBA)

Héa chat: Epichlorohydrin  (CsHsCIO), bisphenol A
(CisH1602), acetone (C3HeO), NaOH (20%), toluene
(C7Hs), nudc cét, chlorobenzene (CsHsCl).

Dung cy: binh tam giac 250ml, binh cau 250ml, céc cé
mo 250ml, buret 50ml, pipet, sinh han nghich, sinh han
bong, nhiét k&, may khudy tu, gia dg, td sdy.

Téng hop DGEBA: Hoa tan 27.37 gam bisphenol A hoan
tan trong 60ml acetone vao céc thay tinh 250 ml. Cho
24.40 ml epichlorohydrin vao binh tam giac 250 ml va
dat trén méay khudy tU gia nhiét 1én 60°C véi téc doé
khudy 40-60 vong/phtt, cho dung dich bisphenol A vao
tr tU. Lap hé chung cét s&t dung sinh han nghich dé hoi
luu dung moi, nut cao su c6 3 16 cho nhiét k&, sinh han
va pipet d€ nhd 64,14 gam dung dich NaOH 20%. Thém
tU tUr dung dich NaOH trong vong 2 gid. Sau khi hét
NaOH, dé hon hop tiép tuc phan Ung trong vong 2 gid,
duy tri nhiét dé va tiép tuc khudy. Khi phan tng két thic
lam ngudi hén hop tir tir. Tién hanh rifa nhua epoxy
bang 60ml hén hop toluene va nudc véi ty 1& 11,
Toluene ding dé pha lodng nhua va nuéc hoa tan NaCl.
Tién hanh chiét hdn hap thu dugc pha hitu co & trén.
Ldp hé chung cdt & 110°C-120°C dé téach toluene,
acetone va nudc ¢ trong nhua. Say nhua & nhiét do
80°C trong 2 gid.

Pha lodng va déng rdn nhua DGEBA

Hda chdt: 1,6-hexanediol diglycidyl ether (HDGE) c6 khéi
lugng duong luong epoxy 145 g/eq, dé nhat & 25°C 18
CP; diethyl toluene diamine (DETDA) c6 chi s6 amine 628
mgKOH/g, dé nhét & 25°C 210 cP; 2,4,6-tris(dimethyl
aminomethyl)phenol (Tén thugng mai DMP-30) ¢6 chi
s6 amine 605 mgKOH/g, dé nhét & 25°C 215¢P.

Pha lodng nhua DGEBA

Can 15 gam DGEBA vao céc thly tinh 250 ml. Dat coc
lén bép khudy tu vdi téc dod khudy 300 — 500 vong/phut
va cho vao tU tur 5 gam HDGE chiém 25% khoi lugng
clia hdn hgp . Sau khi cho hét, tiép tuc khudy trong
khodng 5 — 10 phut dén thu dugc dung dich trong sudt,
doéng nhét.

Bdng rdn nhua DGEBA

Ty lé pha amin tinh toan theo phuang trinh (1) va (2):

Khéi lwgng phan tir amin (g/mol
AHEW= o B Samn B ()
S6 lwgng hydro hoat tinh trong 1 phén t&r amin
. . 1.2x AHEW
Ty 1& pha amin= ——— 2
yep EEW @)
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Trong do EEW la khéi lugng duacng lugng epoxy; AHEW
la khéi lugng duong lugng hydro hoat tinh cta chat
dong ran amine can thiét dé dong ran 100 g nhua
epoxy, theo phuang trinh, AHEW ctia DETDA dugc tinh
la 44,57 g/eq.

Hé epoxy E25/HDGE-25wt% dugc déng ran bang chat
déng ran DETDA, DMP-30 dugc thém vao dé diéu chinh
thdi gian déng ran, phéi tron theo cac ty 1é trong Bang
2. HOn hop dugc khudy bang may khudy ti véi t6c dé
300 vong/phut trong khodng 5 — 7 phit. Sau khi khudy
trén hoan tat, rot hdn hap vao khuédn silicone sach dé
tién hanh qué trinh déng ran.

Phuong phdp phan tich

Cac nhom lién két trong nhua xac dinh bang phé héng
ngoai bién déi Fourier FT-IR (FTIR Affinity-1S). . D6 6n
dinh nhiét va su phan hly dugc danh gia bang phan tich
nhiét trong lugng TGA (SETARAM Labsys TG) va phép
do nhiét vi sai DSC (SETARAM Labsys DSC 131). Khéi
lugng ducng lugng cla epoxy dugc xac dinh bang
phuang phap chuén do hda hoc ASTM D1652. D6 nhét
da dugc do bang céch sir dung dé nhét quay (Elcometer
2300 RV). Banh gia dé quanh va thgi gian dac quanh &
diéu kién nhiét do cao, dp sudt cao dugc xéc dinh bang
thiét bi chuyén dung Consistormeter theo tiéu chuén
API.Danh gia dé bén nén UCA cuia epoxy trong 24h béo
dudng. Théng sé luu bién dugc xac dinh trén méy do
cac thong s6 luu bién va do nhét FANN.

Két qua va thao luan
Ddc trung cla epoxy nén

Su 6 mat cla cac nhdm chic trén céu tric clia epoxy
nén bis-phenol A dugc xac dinh bang phé hdng ngoai.
Hinh 1 biéu dién phd hdng ngoai clia mau epoxy
thuong mai va sadn phdm epoxy sau khi da loai bo
toluene va nudc bang chung cét.

San pham epx
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Hinh 1: Ph& FT-IR clia epoxy E25 va epoxy thuong mai
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Ph& FT-IR cla nhua epoxy nén bisphenol A va nhuya
epoxy thuong mai dudc thé hién trong Hinh 1. Trong
phd FT-IR, dinh tai 3456.59 cm™ la do dao déng kéo
gian O-H (hydroxyl group), c6 thé do nhém hydroxyl
tao thanh sau phan Uing md& vong epoxy hodc . Binh sac
nét tai 2966.24 cm™ biéu thj dao dong C-H kéo gian
trong mach thang aliphatic (CH, va CHs). Binh tai
1606.77 cm™ biéu thi dao déng kéo gian cua lién két
C=C trong vong thom, trong khi dinh tai 1581.70cm™
biéu thi dao dong kéo gian cla lién két C—C trong vong
thom, dac trung cho céu trdc cla bis-phenol A. Dinh
dao déng kéo gidn C-O-C dugc quan sat tai 1295.26
cm™, xac nhan sy c6 mat nhém ether clia epoxy. Dinh
dac trung va manh clia C—O—C trong vong oxirane dugc
quan sat tai 826.53 cm™, xac nhan phan Uing tring hap
da xay ra.
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Hinh 2: Két qué phan tich DSC (a) va TGA (b) clia nhua
epoxy E25

Nhiét do dinh 386.86 °C la nhiét d6 phan Ung oxy hoa
manh trong méi trudng khong khi, qué trinh nay tda
nhiét manh do su pha v& céc lién két khung epoxy nhu
nhém oxyran, ether, vong cla bisphenol A. Binh peak
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270.24°C la dinh hdp thu nhiét, biéu thi su khdi dau cho
qua trinh phan hay cla oligomer du thtra trong epoxy
va cac monomer chua phan Uing hodc qué trinh bay hai
clia cac tap chat néu chi mdi dya vao DSC thi chua thé
khang dinh dugc day nhiét 1a nhiét dé bt dau qué trinh
phan hty nhua.

Hinh 2b, ¢ su giam dot ngdt vé khdi lugng mau &
250°C va dinh téa nhiét phan hdy t6i da xdy ra &
384.37°C. Qué trinh phan huy nhiét nay dugc chia ra
lam ba giai doan: tUr 190°C dén 250°C trung vdi ving
thu nhiét trong DSC, vé&i trong lugng gidm khoang
1.31%, do su bay hai ctia nudc lién két trong polyme; ti
250°C dén 515°C (gén trung vdi dinh tda nhiét manh
trong DSC tai 386.86°C), vdi trong lugng gidm khodng
70%, do phan Ung phan hily mach chinh clia epoxy, giai
doan nay chiém gan nhu toan bé khéi lugng maét di clia
mau; ti 515°C dén 800°C, vdi trong lugng giam 25%, do
dit gdy va cacbon hda thém cia cac chudi chinh
polyme va cac chudi phan tif vai nhiét do oxy hda hoan
toan can carbon & 722.27°C. Mau bi phan hly hoan
toan mat 99.99% khdi lugng, toan bd mau la vat liéu
hitu cg va bi phan hiy hoan toan trong khéng khi.

TU két qua phan tich DSC va TGA, két luan khodng
270°C la nhiét d6 khai dau cho qua trinh phan hiy va &
384°C su phan hly téi da, khoang nhiét dé tir 0°C dén
250°C ¢6 sy 8n dinh vé cau trdc phan ti va khéi lugng.
Diéu nay hoan toan phu hgp vdi nhiét dé lam viéc cua
giéng khoang 150°C.

Xdc dinh khéi lugng duong lugng nhém epoxy

Khéi luang duang lugng clia epoxy dugc xac dinh bang
phuong phép chudn db hoa hoc st dung dung dich
hydrobromic acid (HBr) trong axit axetic theo tiéu chuan
ASTM D1652-97. Mau dugc hoa tan trong dung moi la
chlorobenzene va thém vai giot chi thi crystal violet.
Chudn do6 dugc thuc hién véi dung dich HBr chuén dén
khi mau dung dich chuyén tir tim sang xanh luc nhat,
dénh dau diém két thic cta phan Ung. Khéi luong
duaong lugng epoxy, nhu sau (phuang trinh 3):
1000w

N(V-B) (3)
Trong d6 W 1a khéi lugng mau (g),V thé tich HBr dung
cho mau (mL), B 1a thé tich HBr dung cho mau tréng
(mL) (B=0ml), N 1a ndbng dé HBr (N)

EEW =

Xdc dinh ham lugng chdt pha lodng pht hgp dé tao hén
hop epoxy @G nhét thdp.

FEW cla hén hgp nhya epoxy (DGEBA + chét pha
loang) dugc tinh toan theo cong thic (4)

Téng khéi lwgng hdn hop
(Khﬁi luong cua epx) (Kh6i lugng cia HDGE)
EEW cla epx EEW cua HDGE

EEW hdn hop =

(4)

Trudc pha lodng khéi lugng duang lugng (EEW) cla
mau E25 xac dinh theo ASTM D1652-97 1a 249 (g/eq).
Sau pha lodng vd&i HDGE-25wt% khdi lugng ducng
lugng (EEW) clia mau E25 1a 211 (g/eq), d6 nhét dat 130
(cP). C6 thé thdy ham lugng chét pha loang cé anh
hudng dang ké téi dd nhét ciia hdn hap cling nhu khéi
lugng ducng lugng (EEW).

Bdnh gid dd qudnh va thdi gian ddc qudnh & Giéu kién nhiét
dé cao, dp sudt cao dugc xdc dinh bdng thiét bi chuyén
dung Consistormeter theo tiéu chudn API tai 85°C
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Hinh 3: Do thi biéu dién thdi gian dic quanh clia hé
epoxy c6 do nhét thap déng rén trong nudc khi chua
¢ chét xtic tién (a) va khi cé chét xdc tién (b) khao sat

bang thiét bi Consistormeter theo tiéu chuén API &

T=85°C, P=35.6 Mpa

Khi khong st dung chat xdc tién, hé epoxy phan Ung
cham dan dén qué trinh ting dé nhdt dién ra rat muodn
phai mat 2h54 phat dé dat 100 Bc. Dua vao do thi co
thé thdy do nhét chi bat déu ting dot ngdt sau
2h45phut ké tir khi bat dau gia nhiét dén 85°C, IUc nay
cac nhém epoxy va amine phan Ung chu yéu theo co
ché nhiét, khdng dugc kich hoat bdi xdc tién nén thai
gian gel hoa kéo dai.
https://doi.org/10.62239/jca.2025.028
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Tuy nhién trong cac cong trinh trdm ép & cac do sau
clia giéng dudng 6ng dai hodc trdm khe/hé 16n, qué
trinh bom cé thé méat 5-6h, néu hé epoxy dac quanh
trudc khi hoan thanh bom ép, dé gay nghet duding éng,
méat ap sudt. Vi vay, viéc st dung chét xuc tién dé kéo
dai thai gian dac quanh va ty 1é chat xuc tién phu hgp
la v& cung quan trong dé dat dugc thdi gian mong
muén.

TU hinh 3b, 6 thé thdy rang khi thém thanh phan chét
xUc tién, thai gian dat dugc 5h06 phut, diéu do ching
to viéc thém chat xuc tién déng vai tro quan trong trong
viéc kéo dai thai gian dac quénh, va ty 1é chat xdc tién
phu hop & day 1a 9% khdi luang theo hdn hop.

Ddnh gid do bén nén UCA cla epoxy trong 24h bdo
dubng & diéu kién T=85°C, P=T1atm

Bang 1: D6 bén nén clia nhua epoxy trong diéu kién
nhiét d6 85°C

E25/HDGE/DETDA  Epoxy thuong
mai (xay dung)
D6 bén nén 39.12 MPa 36.54 MPa
24 gio
D6 bén nén 50.38 MPa 51.02 MPa

48 gic

Khéi lugng riéng hé nhua epoxy
thuang mai : 1.821 g/cm?

Khéi lugng riéng hé nhua epoxy
E25/HDGE/DETDA : 1.815 g/Cm3

Hé epoxy E25/HDGE/DETDA cb db bén nén cao han
~7% sau 24 gid. Diéu nay cho thdy epoxy
E25/HDGE/DETDA déng ran nhanh va phét trién ca tinh
sdm t6t han so vdi epoxy thuong mai trong diéu kién
nhiét 85°C. Sau 48 gig, ca hai hé déu dat do bén nén
tucng duong (~50 MPa). Epoxy thuong mai c6 muc
tang trudng manh han (tU 36.54 1én 51.02 MPa), tuc la
kha nang tiép tuc phat trién d6 bén theo thdi gian tét.
Hé epoxy E25/HDGE/DETDA c6 thé d& dat phan Ién
cudng doé trong 24 gi¢ dau, phu hgp cho cac iing dung
can dong rén nhanh con epoxy thuong mai phét trién
chdm han nhung cudi cung dat do bén nén cao han, ¢6
thé phi hap cho céc ing dung cén thdi gian thao tac
dai va chiu tai lau dai. Khéi lugng riéng clia 2 hé nhuya
kha tuong déng nhau diéu nay cho thady ca hai hé co
mat dé mang ludi polymer héa gan giéng nhau va su
khac biét ca tinh chl yéu dén tu cau tric phan td, loai
chét dong ran va chat xdc tién cho tling hé nhua.
https://doi.org/10.62239/jca.2025.028
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Két qud luu bién & nhiét do thudng va 85°C

Thong s6 luu bién dugc xac dinh trén may do cac thong
s6 luu bién va dé nhdt FANN.
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Hinh 4: Budng luu bién va dé nhdt Uing vdi cac toc dod
trugt tuong déi khac nhau

Tai 25°C d6 nhdt ban dau cao (~50 cp) & t6c do trugt
thdp. Khi t6c dd trugt tang 1én, dé nhdét giam manh, sau
do6 6n dinh (~22 cp). Bay la dac trung clia chét 1dng phi
Newton Ung suét truct tang dan nhung khong tuyén
tinh. Khi tang téc do trugt, cac chudi polymer bj sap xép
lai theo hudng dong chay, dan dén ma sat noi tai giam
va cac lién két gitta cac chudi polymer bi pha v& tam
thai. Sau khodng t6c do trugt 200-300 s™, do nhdt gan
nhu 6n dinh va day la gidi han thép nhét clia do nhét
déng luc hoc trong diéu kién do.

Tai 85°C do nhdt gidm r6 rét (~10-20 cp) so vai 25°C
do nhiét dé cao lam tang déng nang phan tf cac
chudi polymer dao déng manh, dé tach rdi nhau cing
vai dé lam yéu di tuong tac phan td, gidm can trd
dong chay.

Khdo sdt so bo thoi gian déng rdn cGa epoxy nén va chdt
déng rdn khi sir dung chdt xdc tién & nhiét dé thuong

Bang 2: Anh hudng clia ham lugng DMP-30 dén thai
gian gel héa va déng rén cla hé epoxy & 250C

Ham lugng Thai gian Thai gian
DMP-30 (%) gel hda (gi)  ddng rén (gio)
0 34 60
9 1.75 21.75
15 2 26.75
12.5 2.25 28.75

Khi tdng ham lugng DMP-30 tir 0% dén khodng 9%, ca
thai gian gel hoa va thai gian déng ran déu giam manh.
Tuy nhién, tiép tuc tang ham lugng DMP-30 thi thdi gian
déng ran co xu hudng tang trd lai, thdi gian gel hoa
khéng thay déi nhiéu. Diéu nay cho théy viéc st dung
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DMP-30 vd&i ham lugng qua cao khéng mang lai hiéu
qua tuang Ung, ma con co thé gay ra nhitng anh hudng
bét Igi dén qué trinh déng ran va dac tinh ca ly clia vat
liéu [15]. Ham lugng DMP-30 & muic 9% la t6i uu gitp
can bang hiéu quéa phan Ung. Tién hanh danh gia thai
gia dong ran khi str dung chét xdc tién DMP-30 vdi ham
lugng 9% theo hdn hop & 85°C.

Bdnh gid thdi gian dong rdn cdia epoxy nén va chdt déng
rdn khi sir dung chdt xuc tién & 85°C

Khi tdng ham lugng chat xdc tién dong ran, thai gian
d&c quanh ctia hdn hap nhua thay déi trong khi ty trong
hon hop it anh hudng téi thai gian ddc quéanh. T ban
chét hé nhua epoxy cho théy, do ham lugng chat déng
ran la con s dugc xac dinh theo khéi lugng phéan epoxy
nén va chét pha loang phan Ung epoxy nén khong thé
dung ham lugng chat dong ran dé diéu chinh thai gian
dong ran va khai niém khé géan vai né la thai gian dac
quanh dudi goc do vira tram ép trong dau khi. Nhin
chung, thgi gian dac quanh cla hé nhua epoxy phu
thudc vao béan chat loai epoxy va ham lugng chét pha
lodng dugc st dung va chi ¢ thé diéu chinh trong mot
khoang hep khi thay déi ham lugng chét pha loang. Két
hop nhitng van dé vlra néu trén cho thay, chat xuc tién
la chdt chinh dung dé diéu chinh thai gian déng ran va
thdai gian dac quanh clia hé nhua epoxy

K&t luén

Phéan tich FT-IR xac nhan céu tric dac trung cla epoxy
E25 vdi nhém O-H, C—H, C=C, va vong oxiran. K&t qué
DSC va TGA cho thdy nhua én dinh nhiét dén khoang
250°C, bat dau phan hly & 270°C va dat phan huy téi
da & 384°C — hoan toan phu hgp vdi diéu kién nhiét do
giéng. Thi nghiém co ly cho thdy hé epoxy
E25/HDGE/DETDA phét trién db bén nén nhanh hon
epoxy thuong mai (~39 MPa sau 24h), pht hgp cho céc
Ung dung can déng ran nhanh. Viéc diéu chinh ham
lugng chét xUc tién va chét pha lodng co anh hudng ré
rét dén dd nhét, thai gian dac quanh va ca tinh vat liéu,
gitp dinh huéng phat trién hé epoxy phu hap cho céng
nghé tram ép giéng dau khi. Hé nhya epoxy cé dé nhdt
thdp, dudc pha ché tir epoxy nén E25 vdi ty 1& chét pha

lodng HDGE la 25 wt% va chat déng ran DETDA, dat
hiéu qua cao vé dac tinh luu bién, kha nang bom tram,
d6 bén co hoc va kha nang dong ran trong nudc. Ty 1é
chét xuc tién DMP-30 t6i uu la 9%, gilp kiém soét tét
thai gian gel héa va thai gian déng ran, dam bao do
dac quanh phu hgp trong diéu kién nhiét dé 85°C va ap
sudt 35.6 MPa.
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