Vietnam Journal of Catalysis and Adsorption, 9 — issue 2 (2020) 100-106

Vietnam Journal of Catalysis and Adsorption

Tap chi xUc tac va hap phu Viét Nam

http://chemeng.hust.edu.vn/jca/

Téng hgp hat nano ZnO (ng dung lam chét xdc tién cho qué trinh luu hda cao su
Synthesis of nano ZnO particle as an effective activator for rubber vulcanization process

Pham HO Anh TU', Nguyén Anh V@', Té Lé Thu?, Nguyén Han Long™

Wién Ky thudt Héa hoc, Bai hoc Bdch Khoa Ha Néi, Viet Nam
2Vién KH&CN Méi truong, Bai hoc Bach Khoa Ha Néi, Viét Nam

*Email: long.nguyenhan@hust.edu.vn

ARTICLE INFO

Received: 10/5/2020
Accepted: 30/6/2020

Keywords:

Nano  ZnO, natural  rubber,
vulcanization dynamic, cross-linking
density

ABSTRACT

Nano ZnO particle was synthesized by precipitation method using Zinc
sulfate (ZnSO4.0.5H,0) as a precursor, and sodium hydroxide solution
was used as a medium with and without the dispersant polyacrylamide.
Various factors affecting the preparation such as pH, temperature, and
crystallization time, were investigated. The nano ZnO particles were
characterized by X-ray diffraction and SEM. It was found that nano ZnO
particles with the size about 15 nm was successfully produced with high
crystallinity and purity. The optimum conditions for nano ZnO
preparation were pH 9, the temperature at 40°C, and crystallization
time of 1 hour. The synthesized nano ZnO particle as an activator for
sulfur wvulcanization of rubber was studied. It showed that the
synthesized nano ZnO has activated rubber vulcanization process faster
and created more cross-linking.

Gidi thiéu chung

Kém oxit la mét trong céc vat liéu cd cac ung dung
khoa hoc va cédng nghé quan trong trong rat nhiéu linh
vuyc[1-4]. Vat liéu nano c6 nhiing tinh ndng uu viét nhu
dd bén cd hoc cao, tinh siéu thuan tU, cac tinh chat
quang hoc néi tréi, cé hoat tinh xUc tac va tao ra cac
vung c6 hoat tinh manh trén bé mat, viéc giam kich
thudc hat ctia ZnO lam dién tich bé mat tang va gidm
nang lugng luong tr [5-7]. Viéc Ung dung ZnO lam
chét xtc tién cho qué trinh luu hda cao su cling da tu
lau va rat rong rai.

C6 nhiéu phuong phéap dugc dung dé t6ng hgp nano
Zn0O: phuang phap két tda [5, 6, 7, 8], phuang phap
sol — gel [10,11], phuong phép thldy phan [12,13],
phuong phép phin xa [15, 16], phuong phép lang
dong pha hai [16, 17, 18]. V&i muc tiéu la téng hop
dugc ZnO dang boét co kich thudc hat ¢8 nano vdi cac

tinh chat phu hap dé ing dung lam tac nhan trg xdc
tién cho trinh luu hda cao su, trong ndi dung nghién
clu cla bai bdo nay chung t6i da lua chon s dung
phuong phap két tla clng vdi viéc st dung ché phdm
polyacrylamide N101 nhu mdt phu gia phan tan va trg
keo tu nham lam tang hiéu qua cla qué trinh téng
hap. D& nghién clu hoat tinh cla nano ZnO déi vdi
phan Ung Iuu hda, nano ZnO tao thanh tU nghién clu
nay ti€p tuc dudc thir nghiém vdi vai tro la chét xic
tién cho qua trinh luu hda cao su. Cac don phdi trén
cao su dugc thiét 1ap chi bao gdm: cao su thién nhién,
luu huynh (S), TBBS, axit stearic, ZnO/nanoZnO ma
khong thém vao cac phu gia hay chat don khéac nhu
c4c don thong thudng 1a nham muc dich lam néi bat
vai tro clia nano ZnO dén déng hoc phan Ung luu hda
cao su, cling nhu cac dac tinh chat co ly cla san pham.
Trong bai béo nay ching téi trinh bay két qué khao sét
cac yéu t§ anh hudng dén qué trinh téng hop nano
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ZnO cling nhu anh hudng cla nano ZnO dén dong
hoc clia qué trinh luu hda cao su (dudng cong luu hoéa,
hang s6 t6c do luu hoa k, chi s6 t6c dé luu hda, nang
lugng hoat hoda, kha ndng chéng ldo hda cla cao su &
nhiét dé cao). Mau so sanh st dung don véi 6 phan
khéi luong do day 1a ti 1é ZnO t6i uu thuong dung dé
luu hda cao su.

Thuc nghiém va phuang phap nghién cdu

Dung dich Na,Zn(OH)4 0,5M dudc chuén bi tU dung
dich ZnSQO4 0,5M va NaOH 1M. Cac dung dich ZnSO4
0,5M va dung dich NaOH 1M dugc chudn bi t& mudi
kém ZnSO4.7H,O (99,5%) va NaOH (98%) clia Trung
Quéc. Dung dich polyacrylamide N101 (Nhat Ban) duagc
pha vdi ty 1é 1/1000.

Cho maéy khudy tir hoat déng, cép ddng thai hai dong
dung dich Zn®* va Zincat vao binh phan (ing dé tao ra
cac két tla Zn(OH), mau trang. Lién tuc do va diéu
chinh dé pH 6n dinh & gié tri mong mudén. Bong thdi
phu gia phan tan cling dugc cép lién tuc trong qué
trinh nap liéu. Thai gian phan Ung dugc tién hanh
trong khodng 5 phut (thdi gian t6i uu clia phan Ung).
Két tla sau phan Ung dudc gia hda va dua di ly tam
Vi t6c doé 2500 vong/phut dé phan tach san phdm.
Zn(OH), dugc lam sach bang nudc cét va thiét bi siéu
am trong khoang 15 + 20 phdt, qué trinh dugc 1&p lai
nhiéu 1an cho tdi khi hét ion SO42 (dung thudc thu
BaCl,). Két tha sau khi da rifa sach tién hanh sdy &
80°C (4h) -120°C(5h) , nung 600°C (5h) dé thu dugc
san pham cudi cling 1a nano ZnO dang bot.

Phuang phdp nghién ctiu ddc trung vat liéu

Phé nhiéu xa tia X dung dé xac dinh cau tric tinh thé
clia ZnO sau khi téng hop dugc tién hanh trén may
Bruker D8 Advance (BPuc), 6ng phét tia X bang Cu,
budc song A = 1.540 A, gbc quét thay déi tir 5° dén
70°, budc quét 0.05° va t6c dé quét 0.5 gidy. Kich
thudc vi tinh thé dugc tinh todn dua theo cong thirc
Scherrer dudi day [20]:

_ KA

" PBhicoso

Trong do:
B la dé réong toan phan mot nlia cuc dai (FWHM),
6 la géc nhiéu xa Bragg,
A 1a budc séng nhiéu xa tia X, A = 1.54 A,
D 13 kich thudc vi tinh thé,

K 1a hang s6 Scherrer, phu thuéc vao dang hinh
hoc cla hat (K= 0.89),

Hinh thai vat liéu dugc nghién clu bang phuong phép
kinh hién vi dién t& quét phat xa trudng FE-SEM trén
thiét bi Hitachi S-4800 (Nhat Ban).

Bdnh gid hogt tinh ctia nano ZnO trong qud trinh luu
héa cao su

Qua trinh Iuu hda cao su vdéi cac don phdi trén trudc
khi luu héa cé thanh phan nhu trong bang 1.

Bang 1: Thanh phan cac don cao su

Thanh phan Tén mau
(phan khéi lugng) M6 NH2
NR 100.0 100.0
Luu huynh (S) 35 35
TBBS 0.7 0.7
Axit stearic 0.5 0.5
Zn0O 6.0 .
Nano ZnO téng hgp - 2.0

Cao su thién nhién trudc tién dugc so luyén trén may
can dé lam mém. Hon hop don cao su (thanh phan
don theo bang 1) dugc hén luyén trén may trén kin
Baopin 8421, tién hanh & nhiét dé 70°C, t6c¢ do truc 30
vong/phut; véi cao su sUf dung trd xdc tién ZnO qua
trinh hén luyén dién ra trong 8 phut, con véi nano
Zn0O hén luyén trong 20 phat. H6n hop cao su sau khi
hon luyén dé 6n dinh cdu tric trong 24 gid, sau do
can thanh tdm trudc khi tén hanh luu hda. Cao su sau
khi can thanh tdm s& chay trén may MDR Rheometer
2020 (may do dac trung luu hda cao su) theo tiéu
chuén ASTM D5289, dé xéc dinh dudng cong luu héa
clia mau cao su Két qua do thu dudc cac gia tri tsy, tceo,
Mu, ML
Trong do:

ts1 : thdi gian cdm Ung luu hda, phut-giay,

tc® : thai gian luu héa téi uu, phat-giay,

My : gié tri momen xodn cuyc dai, ib-in,

M, : gi4 tri momen xodn cuc tiéu, ib-in,
Chi sé téc do luu héa (CRI)

Dé xac dinh t6¢ dé luu héa cla quéa trinh luu hdéa cao
su ngudi ta st dung chi s& t6¢ do luu hoda (CRI), tinh
theo cong thuc [21, 25]:

CRI = 100
0 —t,

Trong do: 1o = ts

Hdng sé téc do luu héa (-k)

V& dac diém cla hé luu hda cao su la chida rat nhiéu
c8u tU nén viéc st dung cac md hinh thuc nghiém

101



Vietnam Journal of Catalysis and Adsorption, 9 —issue 2 (2020) 100-106

dudc coi la kha thi. Theo Arrillaga va céng su, d€ nghién
clu doéng hoc cla qué trinh Iuu hoda [21] thi phucng
trinh t6ng quéat vé dong hoc clia phan ting héa hoc gia
bac nhat cé thé dugc viét dudi dang:

In(ax - x) = -kt + Inax (M

Trong dé o la ndng dd chét phan Ung ban dau, x la
lugng chat phan Ung da phan Ung tai thai diém t va k
la hang s6 t6c dd bac moét. Cac gia tri mdémen xoan
thu dugc tur cac phép luu bién ty 1é véi médun cla cao
su. Vi moédun va mémen xoan la tuong tu, ching ta c6
thé thay thé gia tri mdbmen xoan cho mo-dun:

(a=x) = My = M )
Thay vao (1), co:
In My— My = -kt + Inx (3)

T dudng cong luu hda cé thé nhan dugc gia tri My va
cac gia tri t-M; tuong Ung, tinh dugc cac gia triy =
IN(Mn - My), va véi x = t s& nhan dugc do thiy = -kx+b.
Vi k chinh 1a hdng s6 téc dé can tim.

Ndng lugng hogat hda

S dung phuong trinh Arrhenius dé tinh toan nang
luong hoat hoa E clia hdn hap [22]:

k = ko.e &/RT

Ink =Ink, — RT
Sau khi tinh dugc hang s6 k co thé tinh dugc cac gia tri
y = In(k), va vdi x = 1/T s& nhan dugc doé thiy = ax+b.
Khi d6 a = -E/R, tU day ta tinh dugc nang lugng hoat
hoda E véi R = 8.314 Jmol 'K

Két qua va thao luan

Cdc yéu t6 dnh hudng dén qua trinh téng hgp nano
Zn0O

Anh huéng cta nhiét dé va pH cia méi trudng phdn
Ung dén kich thuéc vi tinh thé ZnO

P3 tién hanh téng hap cac mau vai su thay déi clia pH
(8+10) va nhiét d6 phan Ung tir 30+60°C nham xac
dinh diéu kién nhiét do, pH téi uu cho qué trinh t6ng
hop. Cac mau Zn(OH). téng hop dugc sau khi sdy
nung d& tién hanh phan tich XRD dé xac dinh cu tric
pha tinh thé va tinh kich thudc hat vi tinh thé; két qua
thu dugc co thé quan sat trén céc hinh 1,2,3 va bang 2.

TU két qud phan tich XRD trong cac phd phéi hop
(Hinh 1, 2, 3) va bang 2 co thé thay rang, kich thudc vi
tinh thé clia ZnO tang lén khi pH cla phan Uing tang.

Cha thich:
— Mau T = 30°C
— Mau T = 40°C
— Mau T = 50°C
Mau T = 60°C

Lin (Counts)

w4 as  ais
2-Theta - Scale

Hinh 1: Ph& XRD clia mau téng hop & pH=8

Chu thich:
— Mau T = 30°C
— Mau T = 40°C
— Mau T = 50°C
Mau T = 60°C

Lin (Counts)

Hinh 2: Phé XRD clia mau téng hap & pH=9

ph=10

Cha thich:

Cha thich:
— — Ma&uT =30°C
— — MauT=40C
— MauT =50°C
m Mau T = 60°C

Lin (Counts)

0 w1 a2

s ws  ats
2-Theta - Scale

Hinh 3: Phé XRD clia mau téng hap & pH=10

Tuy nhién, khi tién hanh phan (ng & cac nhiét d6 khéac
nhau thi cho thdy c6 2 chiéu hudng trai ngugc nhau.
Trong khoadng nhiét dé phan Ung tu 40+60°C thi kich
thudc hat tang Ién khi tdng nhiét d& nhung khi tién
hanh phan Ung & nhiét do thdp hon 40°C thi kich
thudc vi tinh thé lai tang, tham chi kich thudc hat tai
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diéu kién phan Ung & 30°C con I6n hon so vdi mau
tién hanh & 60°C. San phdm thu dugc ¢ kich thudc vi
tinh thé nho nhét 1a 22,23 nm.

Bang 2: Kich thudc vi tinh thé clia cac mau téng hop &
nhiét d6 30 + 60°C, va pH 8 + 10

Nhiét pH =28 pH =9 pH =10
do B¢)* | DOmP | BC) | D(m) | B(°) | D(hm)
30°C [ 0339 | 2531 | 0309 | 27.78 | 0.272 | 3155
40°C | 0386 | 22.23 | 0.385 | 22.59 | 0.319 | 26.90
50°C | 0.368 | 23.32 | 0342 | 25.09 | 0.310 | 27.69
60°C | 0.350 | 24.52 | 0.332 | 25.85 | 0.306 | 28.05

2 x4c dinh bang két quéa chup XRD chon géc nhiéu xa Bragg
6=45.7° b Kich thudc vi tinh thé dugdc tinh bang cong thiic
Scherrer

Anh huéng cta thdi gian gia héa

Thdi gian gia hoé la mét trong nhitng yéu t6 can thiét
dé 6n dinh cdu truc tinh thé cla san phdm, tuy nhién
thai gian gia hoa kéo dai cling la diéu kién dé phat
trién tinh thé lam cho kich thudc tinh thé ngay cang
tang dan dén lam tang kich thudc hat ca so cép lan
thi cép. Trong nghién cltu nay da tién hanh khdo sat
thai gian gia hoa tu 0,5+3 gid.

1000

Lin (Counts)

7 48 %9 40 2 w3«

Hinh 4: Phé XRD clia mau vai thdi gian gia hoa thay
déitir 0.5+3.0 gits
K&t qua phan tich XRD clia cac mau cé thé quan sat
trén phé phdi hgp hinh 4, kich thudc vi tinh thé céc
méau dudc tinh toan va dua ra trong bang 3.

Bang 3: Kich thudc vi tinh thé cla cac mau vdi thoi
gian gia hda 0.5+3.0 gig

Thdi gian gia héa
(gic)
B(°) 0.345

05 | 10 | 20 | 3.0

0.381 | 0.338 | 0.284

D (nm) 24.87 | 2253 | 2539 | 30.22

TU két qua nhan dugdc co thé thdy rang khi tang thdi
gian gia hoa tir 0.5 gis 1én 1 gid thi mau co kich thudc
hat tinh thé giam tU 24.48nm xuéng 22.53nm, nhung
sau dé thdi gian gia héa tiép tuc ting dén 3 gig thi
kich thudc vi tinh thé clia mau ting tUr 22.53 nm dén
30.22 nm.

Thai gian gia hoa lam cho tinh thé én dinh vé céu tric,
lam tang ham lugng pha tinh thé. Mat khac, khi thai
gian gia hoa két tinh tang 1én thi cling co thé xay ra
hién tugng cac tinh thé bé tan ra hodc két tu vdi nhau
dé tao thanh cac hat tinh thé co kich thudc 16n hon [9].

Anh huéng cia ham lugng phu gia phdn tdn, trg keo

Thuc nghiém qué trinh t6ng hop da cho thdy san
ph&m phan Ung tao thanh béng nano Zn(OH), ndi lén
trén bé mat dung dich réat khd phan tach, tham chi co
khi kéo dai dén ca tuan ma khéng thé két 1dng hét. Do
dé &nh hudng dén téc dé phan tach va thu hoéi san
pham. Vi vay, trong nghién clu nay ching téi da
nghién clu sit dung ché phdm polyacrylamide N101
clia Aronfloc nhu mot tac nhan trg keo tu déng thdi
phén tan cac hat Zn(OH), trénh cho ching két tu va
két tinh lai lam tang kich thudc hat. Digu nay co thé
thuc hién bdi trong phéan t& ctia N101 c6 cac nhém
chirc v&i nguyén t&r Np chifa cdp dién tr khong chia
giau dién tr c6 ai luc rét Ién déi véi cac cation Zn?*.

Ch thich:

N1 :2ppm
—— N2 :4ppm
. N3:6ppm

— N4 :8ppm

Lin (Counts)

Hinh 5: Phé XRD clia mau vdi lugng polyarylamide st
dung thay déi tr 28 ppm

P& tién hanh khado sat anh hudng ctia N101 dén quéa
trinh téng hop vdéi su thay déi vé luong phu gia phan
tan trong khoang tir 2+8ppm. K&t qua phan tich phd
nhiéu xa tia X dugc chi ra trén hinh 5 va bang 4.

TU ph& nhiéu xa XRD (hinh 5) va két qua tinh toan kich
thudc vi tinh thé (bang 4) cho thay, khi st dung phu
gia phéan tan vdi ham lugng tUr 2+6 ppm thi két qué
thu dugc co kich thudc hat gidm dan tU 26.62 nm
xuéng con 15.43 nm, nhung khi ti€p tuc tang lugng
chét phan tan 1én 8 ppm thi kich thudc hat vi tinh thé
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clng c6 xu hudng tang 1én nhung khong dang ké.
Nhu véy, xét vé hiéu qua kinh té - ki thuét thi co thé
ndi rang lugng phu gia N101 st dung hiéu qua nhét la
6 ppm.

Bang 4: Kich thudc vi tinh thé ctia cac mau khi lugng
polyarylamide sif dung thay déi tir 2+8 ppm

Ham lugng phu gia| N1 N2 N3 N4
phén tan (ppm) > 7 6 8

B (°) 0.364
D (nm) 23.62

0.443
19.40

0.557 | 0.551
1543 | 15.58

Dua vao cac khdo sat & trén da xac dinh dugc diéu
kién t8i uu dé téng hgp nano ZnO tuong Ung la
T=40°C, pH=8, thdi gian gia hdéa 1 gig, ludng
polyacrylamide N101 = 6ppm va tién hanh t6ng hop
nano ZnO theo diéu kién nay dé sit dung lam tac nhan
trg xuc tién. K&t qua phan tich nhiéu xa tia X va anh
SEM clia mau téng hop & diéu kién t6i uu dugc dua ra
trén cac hinh 7, 8.

e

2-Theta - Scale

Hinh 6: Phé XRD clia mau nano ZnO

Quan sat két qua phS XRD trén hinh 6 cho thay xuat
hién cac peak dac trung & céc vi tri (26=317°, 34.5,
36.2°, 47.5°, 56.6°.) trung vdi cac paek dac trung cla
phd chudn ZnO; céc peak dac trung rd rang, cudng dé
peak I&n, sac nhon, dudng nén phang ching td san
pham tao ra la ZnO c6 do tinh thé va dé tinh khiét cao.

L @

Lin (Counts)
3

2-Theta - Scale

Hinh 7: Peak d&c trung clia ZnO st dung dé tinh toan
kich thudc vi tinh thé nano ZnO

Da st dung cong thic Sherrer dé tinh toan vdi peak
dac trung clia nano ZnO trén phd XRD (hinh 7) va xac
dinh dugc kich thudc vi tinh thé D =14,3 nm.

inm99nm:

IMS-NKL 5.0kV 4.9mm x100k SE(M) 500nrr;

Hinh 8: Anh SEM ctia mau nano ZnO

Ngoai ra, anh SEM cuia sén ph&m trén hinh 8 cho thdy
cac tinh thé c6 dang hinh luc lang, kich thudc tuong
déi déng déu nam trong khoang tir 50+100nm.

Khdo sdt hogt tinh cGia nano ZnO téng hgp doi véi luu
héa cao su

Cac thong s6 cla qua trinh luu hdéa clia cdc mau M6
va NH2 dugc xac dinh trén may rheometer déi véi cac
mau M6 va NH2 trong khodng nhiét dé tir 135+160°C
dé so sanh danh gia hoat tinh ctia nano ZnO vdi ZnO
thudng st dung cho qué trinh luu hda cao su. Cac
thong s dac trung cla qua trinh luu héa dugc dua ra
trong bang 5.

Bang 5: Céc thdng s6 dac trung clia qué trinh luu hda

M3u Nhiét d6 ML MH MH - ML
°O) (ib-in) (ib-in) (ib-in)
M6 ¢ 194 | 1581 | 13.87
NHe | 13 191 | 1647 | 1456
M6 227 | 1563 | 1336
NH 140 189 | 1623 | 1437
M6 227 | 1557 | 133
NH 145 184 | 1569 | 13.85
M6 219 1518 | 12.99
NH 150 185 | 1567 | 13.82
M6 212 1481 | 12.69
NH 155 187 | 1566 | 13.79
M6 226 | 1503 | 1277
160
NH 186 | 1563 | 13.77

¢ mau cao su st dung 6pkl ZnO kich thudc micromet lam
chét trg xUc tién; 9 mau cao su st dung 2pkl nano ZnO lam
chét trg xUc tién;
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18

momen (ib-in)

thoi gian (phut)

Hinh 9: Budng cong luu hda va dudng vi phan clia cac
mau cao su luu hoa & 140°C

Bén canh do, cac s6 liéu thuc nghiém cling dugc thu
thap dé xdy dung dudng cong Iuu hoa clia cac mau
nay & 140°C, két qua thu dudc co thé quan sat trén
hinh 9. T két qua chi ra trong bang 5 va hinh 9 c6 thé
théy rang, chi can s& dung mét lugng nano ZnO (mau
NH) bang 1/3 so véi ZnO hoat tinh théng thusng
(Mmau M6) thi d& cd thé tao ra san pham c6 momen
x03n cuc dai (My) 1én hon 5% va monen xodn cuc tiéu
(M) nhd hon 17% hay (My - M) tang 8%. Theo nhu
cac két qud ma Suchismita Sahoo va codng su da cong
bé [21] thi sy cai thién v& mudun khi s& dung nano
Zn0 thay cho ZnO théng thudng la do ¢é su gia tang
méat do lién két ngang trong cac mau cao su luu hoa.
Khi st dung hat ZnO c6 kich thudc nanomet sé lam
cho dién tich bé mat tiép xtc pha tang 1én, phan bé
dong déu hon dan dén cac tdm hoat tinh cta ZnO
tuong tac tét hon vdi cac tac nhan luu hda lam cho
qué trinh thuc hién phan Ung luu hda dat hiéu qua cao
haon.

261 v A [y L ]
v A ° -
v A o \
244 % A o %
- v A . n
‘A \
Y A ® ‘\
= v \ 'Y
S 221 v A "
: \ A ' .
s \ A . .
LCE B RN . p
v A "
\ N Y
1.8 v —u— 145°C
v A o
—eo— 150°C
6 M N —4—155°C
’ —v—160°C
T T T T T T
2 3 4 5 6 7 8

Thai gian (phat)

Hinh 10: D6 thi In(My — My) theo thdi gian luu hda cla
mau NH

T do6 tuyén tinh thé hién trén hinh 10 ¢ thé thay rang
phan Ung luu hdéa clia cac mau cao su tuadn theo déng
hoc phan Ung bac nhét. Su thay déi nhiét dé khéng
anh hudng dén bac déng hoc cla phan Ung luu hoa
[22].

Bang 6: Bang hang s k, chi s& t6c dé luu hda (CRI)
va nang lugng hoat hoa (E) clia cac mau cao su

Nhiét| Hang s6 k (s | Chisd t6c dé N&ng lugng hoat
dé luu héa (%s™) | hda (ki/mol)
O M6 NH M6 NH M6 NH
135 | 0.148 | 0.1663 6.8 79
140 | 0.1964 | 0.2332 92 97
145 | 0283 | 03168 | 13.3 | 14.0
150 | 0.3427 | 0.4101 175 | 190
155 | 0.4959 | 0.5779 | 258 | 262 | 925 914
160 | 0.5892 | 0.7432 | 347 | 355

Qua két qua tinh toan thu dugc trong bang 7 va do thi
hinh 11, 12 ¢4 thé thay rang, mau NH mac du chi dung
mot lugng nano ZnO nhd han 3 1&n nhung hang s6 k
clia phan Ung luu hda tang tUr 13 = 26% va chi s t6¢
do luu hda tang 5 = 16% so véi mau M6. Bén canh do,
nang lugng hoat héa thu dugc (bang 7) lai tiéu tén it
nang Iugng han 1,2% so véi mau Meé.
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Hinh 11: DO thi hang s6 k clia cac mau cao su khi luu
hda & cac nhiét dé khac nhau
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Hinh 12: D& thi chi s6 t&c d6 luu hda cla cdc mau cao
su khi luu hda & cac nhiét dé khac nhau

Nhu vay, khi sir dung vat liéu ZnO kich thudc nanomet
s& lam tang kha nang phéan bd clia ZnO trong cao su.
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Ngoai ra, vdi kich thudc hat nhd va dién tich bé Ién
hon cling sé tang kha nang tiép xuc gilta cac tdm hoat
tinh vdi chat Iuu hoa va nén cao su dan dén téc do luu
hoa va hiéu sudt luu hoa tang lén [20].

K&t luén

Qua khdo séat cac yéu t6 anh hudng dén qué trinh téng
hop cho théy cé thé t8ng hop dugc nano Zn(OH)2 vdi
cac diéu kién nhiét dé phan Ung 40°C, pH = 8, thai
gian gia hoa 1 gid va lugng polyacrylamide N101 Ia
6ppm. San phadm Zn(OH)2 dugc sdy & 80°C (4h), 120°C
(5h) va cudi cung nung 600°C (5h) dé thu dugc nano
ZnO dang bot co kich thudc nanomet (50 + 100nm),
cdu trdc tinh thé thudc hé hexagonal clia Wurtzite.
Qué trinh dua vat liéu ZnO kich thudc nanomet vao
qua trinh luu héa cao su cho rang mac du lugng ZnO
tiéu tén chi bang 1/3 nhung mat dé luu hoa tang (8%),
téc do luu hoa tang (5 +26%), nang lugng hoat héa
thap hon (1,2%).
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