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Nghién ciiu st dung dau thuc vat thay thé héa déo DOP dé ché tao

Bai nghién citu

san pham ron cao su st dung trong cap thoat nuéc

Tran Tan Pat'-", Tran Lé Hai?, Mai Thanh Phong?

TOM TAT

Hién nay, san pham cao su da s st dung chat héa déo DOP. Tuy nhién, chat phthalates c6 trong
cdu trdc ctia DOP rat doc hai déi vai stic khoe con ngudi nhu réi loan hormon gidi tinh, ung thu
vU & phu nt, ... Trong nghién ctu nay, chiing toi tién hanh khao sat 2 loai dau epoxy hoéa (ESO)
va cardanol (CDN) thay thé héa déo DOP véi ham lugng 20% va 25%. Cao su va phu gia dugc can
luyén trén may can 2 truc va xac dinh thai gian luu hda cao su téi uu (Tgg ) bang maéy do luu bién
& nhiét d6 150 °C. San pham cao su dem do dd bén kéo, d6 bén x¢, d6 khang lao hda do nhiét,
... Két qua cho thdy, ESO va CDN c6 thai gian luu hda ngan hon so véi DOP lan lugt la 4,25 phut
va 5,58 phut so vdi 6,25 phut. Dac biét, ESO & ham lugng cao hon thi thai gian luu hda cang ngan
chi 3,77 phut. D6 bén kéo clia 3 loai chat hda déo tuong duong nhau & cadc ham lugng la 20%.
Tuy nhién, ESO c6 dé bén kéo 12,80 N/mm? cao han DOP va CDN véi ham luong 1a 25%. V&i ham
lugng 25%, dd bén xé ctia DOP [a 52,94 N/mm? vugat troi hon. Trong thir nghiém kha ning chéng
mai mon clng thu dugc két qua tuong tu khi so sanh hiéu qua clia ba chat hoa déo. Véi cac tinh
chét co ly dat dugc, san phdm cao su st dung héa déo dau thuc ¢ thé dap ing dugc cac yéu cau
dat ra clia ron cao su trong linh vuc cép thodt nudc.
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Tu khoa: Cao su nitrile, ron cao su, cao su chiu va dap, cao su bén nhiét

GIGI THIEU

Hién nay, cac san phdm cao su dugc sti dung rong rai
trong cudc séng bao gom vong dém cao su dan dung,
ron cao su chiu ddu, d€ giay chiu ddu bing céng nghé
pht hop véi chat trg tuong hop la cao su thién nhién
maleic hod, ddu hat diéu... Mot trong nhiing sin phdm
ron cao su phd bién nhét 14 ron cao su cdp thodt nudc
c6 ngudn goc tii cao su thién nhién. Tuy nhién, cic
san phdm cao su chita DOP chiém 2-10% khdi lugng
san phdm, nhim ting tinh héa déo ctia hdn hgp cao
su dé€ dua céc phu gia va chit don vao trong vao trong
hén hop cao su dé dang hon. Vi véy, cao su thanh
ph&m ludn ton tai DOP trong san phdm va gay doc hai
trong sudt qua trinh st dung dic biét 1a cac san phim
dan dung nhu ron cao su, d6 choi cho tré em biang cao
su .... Cau hoi ddt ra: Phthalate 1a chat gi? N6 doc hai
nhu thé nao ?... Nhu ching ta dugc biét, chit phtha-
lates c6 trong DOP, 1a mot chat c6 cac vong thom nén
rdt doc hai. Cc dan xudt phthalate dugc xac dinh la
cac xenoestrogen, c6 tic dung gidng nhu oestrogen
(hormon sinh duc nii) dugc dua tii bén ngoai dua vao
co thé. N6 xadm nhap vao co thé lam réiloan hé théng
hormon gidi tinh va gay ra déy thi trudc tudi & ca bé
géi 1an trai, ting nguy co lac ndi mac ti cung cling
nhu ung thu v & phy nd...

Nhiing nam gan day, dau thuc vat epoxid héa (EVO)
da thu hut nhiéu su chu y, ddc biét 1a trong linh vuc
polymer vi ching dem lai hiéu qua kinh té, nguén
nguyén liéu c6 sdn, than thién véi moéi trudng, khong
ddc hai va tdi tao, cac phuong phéap epoxy hda cd
ty 1é chuyén d6i epoxy hoéa thudng vugt qua 90% 1.
D4u d4u nanh epoxy (ESO) c6 thé hoat dong nhu mot
nguyén liéu tho d€ tdng hgp nhiéu loai hoa chit bao
gom polyol, glycol, hgp chat cacbonyl, chit boi tron,
chit 1am déo cho polymer?, dugc st dung lam chit
lam déo trong NR va 14 chit lam déo trong cao su luu
héa lanh, cho thédy su gia ting nhiét do 8 °C bét dau
suy thodi va tang 6 °C tai d6 t6c do xudng cép cao
nhat xay ra3. Bén canh d6, dau thau dau da dugc st
dung lam chét lam déo trong cao su thién nhién (NR),
nitrocellulose, mang polystyrene va cao su chia acry-
lonitril hoic styren®. Lima et al. thay thé dioctyl ph-
thalate (DOP) bing ddu thau dau mét nudc trong cao
su acrylonitrile-butadiene.

Trén co s& danh gid nhiing nguy co tiém 4n ma DOP
anh hudng dén stic khoe con ngudi, ciing nhu cac
lgi ich vé kinh t&, ¢6 sdn, than thién v6i moi trudng,
khong ddc hai va tai tao, chung t6i tién hanh nghién
ctiu dua chét hoa déo c6 ngudn goc tit ddu thuc vét
tuong hop t6t véi cao su, thay thé ddu hoéa déo DOP
trong qua trinh hén luyén cao su thién nhién va cic

Trich dan bai bao nay: Tan Dat T, L& Hai T, Thanh Phong M. Nghién ctiu st dung dau thuc vat thay thé
héa déo DOP d& ché tao san pham ron cao su sit dung trong cap thoat nuéc. Sci. Tech. Dev. J. - Eng.

Tech.; 2(2):68-78.
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phu gia v6i ham lugng 14 20% va 25%. Tién hanh khao
sat cac tinh chit co ly d€ danh gid sy phu hgp cta chit
héa déo d6i véi dau thuc vat. Tiép theo, chiing tdi tién
hanh thuc hién tao san phidm cao su luu héa dang ron
cép nuéc ting dung trong thuc té.

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Céc héa chit nhu cao su NBR xuit xti tii LG Chemi-
cal, Han Quéc. Cac chit hda déo, ddu ddu nanh epoxy
héa va cardanol cé xuit xi& & Viét Nam. Chit trg
xuc tién ZnO, acid stearic, DOP, chit phong lao TMQ
(RD), BHT, chét don TiO,, chét xtc tién CBS, xtc tién
TMTD va luu huynh dugc dit mua tii cac hang hoéa
chét ctia Malaysia va Trung Qudc.

Phuong phap

Mdy can hai truc: DEPOSES (Phédp), mdy ép thuy
luc (Viét Nam), thiét bi do co tinh (Anh), may luu
bién ké dia nén (An D9), dung cu do d¢ ciling shore
A (USA). Xac dinh duong cong luu hoéa cao su, dua
trén tiéu chuin ASTM D2084:2001°. Phuong phap
x4c dinh d¢ ciing Shore A san phdm cao su, dya theo
tiéu chuin ASTM D2240:2004”. Phuong phép xic
dinh do bén kéo dit, dua theo tiéu chudn ASTM
D412:20048. Phuong phép xac dinh d6 bén xé ctia san
phdm cao su, dya trén tiéu chudn ASTM D624:2004 2,
Phuong phap xdc dinh d¢ khéng ntit do tac dung uén
gdp va theo doi su phat trién vét nit mau cao su dya
trén tiéu chudn ASTM D430:20048. X4c dinh muc
luu héa va 36 tic dong cta chit long dya trén TCVN
2752:2008°.

e Xac dinh thoi gian luu hoa

Duya trén tiéu chudn ASTM D2084:2001, dugc x4c
dinh & mdy luu bién ké dia non, thuc hién bing mdy
luu bién ké dia nén.

Miic d6 luu héa =100 : (thoi gian luu héa - thoi gian
tién luu héa)

o Phuong phap xac dinh d) bén kéo

Dua theo tiéu chudn ASTM D412:2004. Thuc hién
trén thiét bi do cudng luc van ning (Dynamometer).
Hinh dang va kich thuéc mau qua ta dugc thé hién
trong Hinh 1 va Bang 1.

Ghi nhén cac két qua:

o Luc kéo dinh dan 100%, 300%: Fjo, F300-

e Luc kéo khi dit mau: F,

e Chiéu dai khi dGt mau: L,

e Khodang cach hai vach sau khi dt: Ly

o Ung sudt dinh din 100 %: Mo = Fyg9 /S

. Ung sudt dinh dan 300 %: M3gg = F300 /S

o Ung sudt khang dut: M; = F;/S

Dién tich phdn mau bj kéo: S = W.e (mm?).
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¢ Phuong phép xac dinh d6 cling Shore A: Theo tiéu
chuéin ASTM D2240:2004, tién hanh bang dung cu do
do cting.

¢ Phuong phap xac dinh d¢ bén xé: Dung may kéo
cudng lyc Testometric model M500-50CT, mau phai
mic thing diing va cich déu khodng céch hai ngam.
Duya trén tiéu chuidn ASTM D624:2004. Hinh dang
mau canh buém dugc cho trong Hinh 2.

Do tinh d6 bén xé = Fy/e (KN/m) v6i e 1a bé day mau
(mm), F, 1 luc kéo xé.

e Phuong phap danh gia do khang nit do tac dung
udn gip

Phuong phap xac dinh d¢ khang nut do tic dung uén
gap va theo doi su phat trién vét niit mau cao su dua
trén tiéu chudn ASTM D430:2004. Mau dugc cit bsi
dao cit qua trdm theo tiéu chudn ASTM D813:2004,
khuén tao mau udn gép c6 hinh dang nhu Hinh 3.

e Phuong phap xac dinh d6 mai mon

Dua theo tiéu chuin ASTM D1630-16.

v = 1o~ T3250 1;“3250 (cm®/1,61km)

Do mai mon:

Trong d6: V 1a 46 mai mon (cm?/1,61 km); mg 1a khéi
lugng mau trude khi do (g); mapsg la khoi lugng mau
sau khi mai mon 3250 vong quay (g); d la ty trong hodc
trong lugng riéng (g/cm?).

Thi nghiém

Can cu vao tinh nang st dung, cac yéu cdu ky thuat
clia san phdm ron cao su ching t6i thiét 14p don pha
ché nhu Bang 2.

Tién hanh khéo séit va so sanh cac loai héa déo theo
tiing don pha ché khac nhau nhu trong Hinh 4.

KET QUA VA THAO LUAN

Anh huéng ctia ham lugng héa déo dén thai
gian luu héa

Thoi gian luu hoa cua cao su duge xdc dinh bai may
Rheometer theo don pha ché. Hinh 5 va Hinh 6 cho
ta thdy dudng cong luu héa ham lugng 20% va 25%
héa déo.

Anh huéng ctia ham lugng héa déo dén tinh
chatcoly

Khao sit cac ham lugng héa déo khac nhau, ta thiy
ring d4u hoa déo 25% cho d6 bén kéo, bén xé t5t hon.
Theo Hinh 7 va Hinh 8, ESO c¢6 coly cao nhét1a 12,80
N/mm? va 53,15 N/mm?. Bén canh d6, d6 cting shore
A ciing nhu d¢ khang mai mon dau héa déo 20% cao
hon do ESO ¢6 ciu tric linh dong, do d6 trong qua

trinh mai mon nhiét ndi ning sinh ra lam cho cac
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Hinh 1: Mau do theo tiéu chuan ASTM D412.

Bang 1: Kich thuéc mau theo tiéu chuan

Kich thuéc

W: Bé rong phén hep

L: Chiéu rong phan hep

WO: Chiéu rong miu

LO: Chiéu dai mau (min)

G: b6 dai do

T: Bé day mau

D: Khoang cach gitia ngam kep
R: Ban kinh géc luon

RO: Ban kinh ngoai

Mau loai C

(mm)

6 + 0,05/-0,00
3342
2541

115
20 + 0,08
240,2
652
14+1

2

]

Hinh 2: Mau do theo tiéu chuan ASTM D624.
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Hinh 3: Mau do theo tiéu chuan ASTM D813.

Bang 2: Pon pha ché ron cao su

Hda chit

Cao su NBR 35L
ZnO

Acid stearic

N550

Dau DOP/Dau ESO/Dau CDN
Phong lao 6 PPD
Phong lio TMQ
Chat xuc tién CBS
Chét xuac tién TMTD
Luu huynh

T6ng thuc t&

Thanh phan Phr (% theo til¢)
100

2

5

58

20 - 25
1

1

1,5

0,3

1,2

199g-204¢g

phén ti chuyén dong hén loan, ciu tric mach phan
tt cang linh dong nhiét ndi nang sinh ra cang 16n qua
trinh mai mon cang nhanh dugc thé hién nhu h inh
9. Ngoai ra, Hinh 10 va Hinh 11 thé hién kha ning
khéng uén gép ctia CDN va ESO tét hon rat nhiéu so
v6i DOP v6i vén t&c phat trién vét ntit 1an lugt 12 0,25
va 0,35 so v6i 0,75 (mm/chu ky). Nhiing két qua thu
dugc thé hién trong Bang 3.

Anh huéng ciia ham lugng don dén cac tinh
chat co ly ctia san pham

V6i cac ham lugng héa déo khac nhau, Hinh 12 va
Hinh 13 cho thdy rdng hén hgp cao su st dung 40%
don c6 d6 bén kéo t6t hon. Trong do, ESO ¢6 co ly
cao hon DOP 1a 21 N/mm? so v6i 20 N/mm?. Tuy
nhién, d6 bén xé DOP t6t hon ESO va CDN. Bén canh
do, Hinh 14, Hinh 15 thé hién d¢ cting shore A ciing
nhu d¢ khdng mai mon 50% don cao hon, DOP dat
71 shore A. D¢ khang mai mon khi diing 30% don
cho két qua cao nhat vi ham lugng don cang cao thi
kha ning bi mai mon cang cao. Nhin Hinh 16, ta c6
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thé thdy kha ning khang udn gip dén tit CDN va ESO
t6t hon rdt nhiéu so v6i DOP vi mach phén td linh
dong ctia cac hoa déo nay trong qué trinh néi mang
da tham gia tao lién két chit ché dan dén qua trinh
phét trién vét nut bi lam giam di. D6i v6i don pha ché
ham lugng don cang nhiéu thi kha nang héa déo ctia
baloai héa déo déu gidm dan dén téc d phat trién vét
ndt clia sao su phat trién nhanh hon. Nhiing két qua
thu dugc thé hién trong Bang 4.

K&t qua ngoai quan san pham

San phdm ron cao su dugc gia cdng trong khudn thép
c6 bé mit quan lang dep, khong bi khuyét tat san
phdm, san phidm dién diy khuon va dung theo kich
thudc thiét ké. Hinh 17 trinh bay san phim thuc t&
ctia ron cao su sau khi hoan thién.

KET LUAN

Nghién ctiu cho thdy cac tinh chat co ly cta viéc st
dung dau thuc vat ESO va CDN déu thoa yéu ciu ky
thuét ron cao su st dung trong cip thodat nudc véi
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Hinh 4: Quy trinh khao sat cac loai h6a déo.

A ®

1)

Hinh 5: Duéng cong luu héa ham lugng 20%: DOP (A), dau ESO (B) va dau CDN (C).

cac ham lugng khac nhau. Trong do6, ESO véi 25%  Véi két qua dat dugc, ESO, CDN hoan toan cé kha
cho thdy két qua t6t nhét v6i do bén kéo dut la 12,80
N/mm?, cting nhu ¢6 thdi gian luu héa ngén nhit 1a
3,77 phat.

Déu ESO cho kha ning chiu kéo t6t nhat v6i ham ¢ ban dam bao theo tiéu chudn ky thuat. Ngoai ra,
ligng don 40% cho do bén kéo t6t nhat, ham luong  viéc st dung dau ESO, CDN cho két qui sin phim
don 30% va 50% thi ddu ESO, CDN c¢6 d¢ bén xé va
kha ning khang mai mon t6t tuong duong DOP. Bic
biét, ESO, CDN cho kha ning khang uén g&p cao hon chita DOP dam bdo v€ tiéu chi an toan cho ngudi su
DOP. dung va moi truong.

néng thay thé€ DOP trong cong nghé san xudt ron cao

su, san phdm ron cao su tao ra dat dugc cac tinh chit

khong doc hai, c6 nguodn ning lugng tai tao, khong
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Hinh 6: Puéng cong luu héa ham lugng 25%: DOP (A), dau ESO (B) va dau CDN (C).
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Hinh 7: Biéu dé d6 khang kéo cta cac héa déo khac nhau.

60

oborP

MPa

30 7 @ CDN
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HL20% HL25%

Hinh 8: Bi€u d6 dé khang xé cia cac héa déo khac nhau.
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Hinh 9: Biéu d6 dé cling shore A ctia cac héa déo khac nhau.

1
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Hinh 10: Biéu d6 dé khang mai mon cta cac héa déo khac nhau.

1
0,8
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S 06 ODoP
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HL20% HL25%

Hinh 11: Bi€u d6 téc d6 khang udn gap cia cac héa déo khac nhau.
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Bang 3: Tinh chat co ly cac loai héa déo khac nhau

Chi tiéu Phuong phap Pon ESO Pon CDN Pon DOP Pon vi

thi
20% 25% 20% 25% 20% 25%

Do bén kéo ASTM 11,99 12,80 10,11 10,44 11,13 12,25 MPa
D412:2004

Do bén xé ASTM 53,15 28,54 28,46 25,80 52,94 49,44 MPa
D412:2004

Do cling ASTM 57 45 54 47 59 56 Shore A
D412:2004

D6 mai mon ASTM 0,69 0,86 0,65 0,80 0,59 0,55 cm? /1,61
D5363:2006 km

D6 khing uén ASTM 0,35 0,28 0,25 0,20 0,74 0,80

gép D430:2004

Khéi  lugng ASTM L6 1,14 115 1,12 1,21 1,17 g/cm’

riéng D297:2004

Thoi gian t6i uvu  ASTM 4,25 7,08 5,58 5,12 6,25 3,77 Phut

Tg() D2084:2001

25

oDop

MPa

O CDN
0 ESO

HL30% HL40% HL50%

Hinh 12: Biéu d6 d6 khang kéo ctia cac loai don khac nhau.

O DoP

MPa

£ CDN

O ESO

HL30% HL40% HL50%

Hinh 13: Biéu dé dé khang xé ctia cac loai don khac nhau.
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Hinh 14: Biéu d6 dé ciing shore A ctia cac loai @6n khac nhau.
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Hinh 15: Biéu d6 d6 khang mai mon ctia cac loai don khac nhau.

8
6 .-"'..
E4 ot -
ot ssses CDN
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& & &L F
AT A P P

chuky

Hinh 16: Biéu d6 téc d6 phat trién vét nut cia 40% ham lugng don.

| 8

Hinh 17: San pham ron cao su duing cac loai héa déo ESO (A), CDN (B) va DOP (C).
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Bang 4: Tinh chit co ly cta cac don pha ché véi ham lugng dén khac nhau

Chi tiéu Do bén kéo Do bén xé D6 mai mon Do ciing
Phuong phap thi ASTM D412:2004  ASTM ASTM ASTM D412:2004
D412:2004 D5363:2006
Dbon ESO 30% 18,44 8,07 0,83 60
40% 21 9,97 0,73 65
50% 18,71 10,10 0,52 71
bon CDN 30% 17,27 8,92 0,82 60
40% 18,53 9,07 0,74 64
50% 16,73 10,25 0,51 72
bon DOP 30% 17,07 10,35 0,80 62
40% 20,73 9,68 0,71 66
50% 18,97 10,52 0,52 74
Pon vi MPa MPa cm? /1.61 km Shore A
LO1 CAM ON XUNG DOT LOI icH

Nghién ctiu nay dugc tai trg boi Truong Pai hoc Bach
khoa, Pai hoc Qudc gia TP. H6 Chi Minh trong khu6n
khé dé tai ma s6 T-CNVL-2018-12. Céc tac gia xin

Nhoém tac gia xin cam doan rang khong c6 bat ky xung
dot lgi ich nao trong cong bd bai bao.

tran trong cam on.

DANH MUC TU VIET TAT

CDN : Cardanol

DOP : Dioctyl phthalate

ESO : Dau dau nanh epoxy héa
NR: Cao su thién nhién.

EVO : Dau thuc vét epoxid hoa
NBR : Cao su nitrile

DONG GOP CUA TAC GIA
Tran Tan Dat dong gop chinh ctia bai bdo. Mai Thanh

Phong tham gia dua ra y tudng va chinh stia n6i dung

kh

oa hoc bai bao. Tran Lé Hai da dong gdép vé€ phan

tich va kiém tra di liéu.
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ABSTRACT

Nowadays di-2-ethylhexyl phthalate (DOP) plasticizer is commonly used for compounding in prod-
ucts made from rubber. However, there is an incresing concern about negative health effects (eg,.
adversed sex hormone or breast cancer) upon exposure of phthalate plasticizers including DOP to
human. In this research, epoxidized soybean oil (ESO) and cardanol (CDN) were evaluated as al-
ternatives to traditional DOP at two different contents (20% and 25%). Rubber compounds were
prepared on a two-roll mill and determined for optimum curing time (Tgg) by moving die rheome-
ter at 150 °C. Tensile strength, tear strength, and thermal stability of rubber compounds were also
measured. The results showed that rubber compounds formulated with ESO and CDN had shorter
curing times of 4.25 and 5.58 minutes respectively than the compound with DOP (6.25 minutes).
Especially, the curing time is further reduced for the compound with ESO at a higher content. The
value of tensile strength is similar for all three compounds with 20% plasticizer content. The rubber
compound with 25% ESO content has a tensile strength of 12.8 N/mm? which is much higher than
ones with DOP and CDN at the same content. Yet, compound with DOP showed a greater tear
strength value of 52.94 N/mm? while the tear strength is only improved for compound with ESO
upon reducing content. A similar result is also obtained when comparing the effect of three plas-
ticizers in abrasion resistance test. Based on the acquired mechanical properties, we can conclude
that ESO can be a good candidate to replace traditional phthalate in rubber products; especially it
can fulfill requirements of rubber o-rings in drainage pipe system.
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