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Tom tit:

Nano kém borate (nZB) da dugc tong hop thanh céng bang phuwong phap két tha tir mudi kém sulfate, axit boric
va natri hydroxide. Sy anh huéng cia pH, nhiét do va chit hoat dong bé mit dén dic trung cia nZB di duoc khao sat.
Két qua cho thay, vat liéu nZB tong hop & pH7 va8laZn [B,0,(OH),] don pha, Kkét tinh tot. Hinh dang hat nZB chlu anh
huéng 16n cia nhiét d§ phain ing va cac chit hoat dong bé mat. Trong khozng nhiét d 70-80°C, nZB c6 dang tAm nano
v6i chiéu day khodng 40-50 nm. Vit liéu nZB phat trién thanh cac hinh que nano ¢ 90°C va dang s¢i nano & 100°C. Bién
tinh nZB véi cac chét hoat dong bé mit c6 xu hudng tao thanh cic tAm nano réng hon va méng hon. Pic biét, khi c6 mat
Tween 80, san pham thu dugc 1a cac tim méng hinh tron nhwr nhimg cinh hoa nano. Cic hat nZB hinh dang cinh hoa nay
thé hién kha niing twong hd chong chay tot v6i phosphor do (RP) va graphite giin né nhiét (EG) trén nén polyethylene ty

trong cao (HDPE) dong thoi cii thién tinh chit co'ly ciia composite RP/EG/HDPE.

Tir khéa: canh hoa nano, chit chong chay, kém borate, polyethylene ty trong cao, tAm nano.

Chi 56 phiin loai: 2.4,2.9

1. it van de

K&m borate (ZB) 1a mot loai chit don chdng chay phd bién
trong cac vat lidu polyme, cao su va 16p phu ngoai. Trong s6
cac san pham ZB di duogc thwong mai hoa, Firebrake®ZB,
27n0.3B,0,.3H,0 hay Zn[B,0,(OH),] 1a mot trong nhing
vat liéu quan trong nhat [1]. Uu dlem cta ZB la khong sinh ra
cac chét doc trong qua trinh chdy. Tuy nhién, tuong tu cac chit
chdng chay vo co khac, ZB ciing ¢ mot s6 nhwoc diém dola
phai st dung lugng 16n va tuong hop kém trong nén polymer
[2]. Khi thay thé chat don micro bang chat don nano, ty 1&
dién tich bé mat/thé tich s& tang Ién, tuong tac gitra polyme
va chat don duoc cai thién, khdi lwong chit don can sir dung
s& giam di, tir d6 dam bao duy tri dwoc cac tinh chat ban dau
cua polymer [3]. So voi cac vét liéu nano khong chidu va mot
chiéu, vat lidu nano hai chiéu dang tim va dang canh hoa thé
hién kha nang chong chay vuot tréi nhd cdu tric 16p mong, co
thé tao thanh mot rao can vat Iy ngan qua trinh truyén nhiét tir
ngon lira vao nén polyme va qua trinh di chuyén cua cac khi
phén huy d& chay tir nén polyme vao ngon lira, qua d6 bao vé
nén polyme [4, 5]. Ngoai ra, sy phan tan ddng nhét cua vat
liéu nano hai chiéu trong nén polyme con gitip cai thién tinh
chat co hoc, do bén nhiét ctia composite [6, 7].

Phuong phép phd bién nhét trong cong nghiép san xuét
7B la phan Gng gilra kém oxit va axit boric [8]. Tuy nhién,
két tia tir kém oxit thudng tao ra san phim c6 c& hat to hon
so v6i két tiia ZB tir cac tién chat hoa tan. Gan day, mot $6
nhém nghién ciru di bao céo cac két qua tong hop ZB kich
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thude nano voi cac hinh dang khac nhau. S¢i nano 4ZnO.
B,0,.H,0, duoc tong hop bang phuong phap két tia mot giai
doan trong dung méi nudce di tir borax va k&m nitrate, voi chat
bién tinh bé mit 1a photphate este [9]. Vat liéu 4Zn0O.B,0,.
H,O cdu trac nano hodc micro dwoc tong hop bing phuong
phap thuy nhiét [10]. Nano 2Zn0.3B,0,.3.5H,0 dugc didu
ché bang phan g gilra natri borate v6i kem clorua va dugc
thir nghiém chdng chay trong hé polyolefin/APP/PER [11].
ZB tdng hop tir kém oxit va axit boric da dugc thir nghiém
lam chét chong chay cho polyethylene terephthalate [12].

Hién nay, HDPE 1a mdt trong céc loai nhya nhiét déo dugc
san xudt va tiéu thu nhiéu nhit trén thé gisi do gi4 thanh re,
kha nang dinh dang va d¢ bén va dap tot. Tuy nhién, HDPE
¢6 nhuoc diém 1a dé bit chdy nén ngudi ta thuong phai don
HDPE vdi cac chit chdng chay dé dam bao do an toan [13,
14]. Trong nghién ciru nay, vat liéu nZB duoc nghién ciu
tong hop nhim lam chat don chong chay cho nanocomposite
HDPE. Anh hudng cua cac diéu kién phan v ing 'gom pH, nhiét
dd va chét hoat dong bé mit dén thanh phan cau truc va hinh
thai hat nZB cling da dugc khao sat.

2. Nguyén vat liéu va phuong phap thuc nghiém
2.1. Nguyén vt li¢u

Axit boric - H,BO, (299,5%), kém sulfate - ZnSO,.7H,0
(299%), natri hydroxit - NaOH (=298%), phosphor do - Red
phosphorus (RP) (297%) c6 xuat x{r Sigma-Aldrich. Tween
80 - Tw80 (299%), sodium lauryl sulfate - SLS (=96%),
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Abstract:

Nano zinc borates were successfully synthesised from
aqueous solutions of zinc sulfate, boric acid, and sodium
hydroxide via the precipitation method. The effects of
pH, temperature, and surfactants on the structure and
morphologies of nano zinc borates were investigated. The
nano zinc borates obtained at the pH of 7 to 8 were well-
crystallised monophase Zn[B,O,(OH),]. The morphologies
of nano zinc borates were highly impacted by the
reaction temperature and the surfactants. At the range of
temperatures from 70 to 80°C, the nano zinc borates were
nanoplates of 40-50 nm in thickness. The nano zinc borates
grew out of the surface to form nanorods at 90°C and
nanowhiskers at 100°C. The nano zinc borates modified
with surfactants tended to form larger and thinner
plate-like nanoparticles. In the presence of Tween 80, petal-
like nano zinc borates were achieved. The petal-like nano
zinc borates showed good flame retardant synergistic effects
with red phosphorus and expandable graphite on high-
density polyethylene matrix. Additionally, the nano zinc
borates nanopetals significantly improved the mechanical
properties of red phosphorus/expandable graphite/high-
density polyethylene composites.

Keywords: flame retardant, high-density polyethylene,
nanopetals, nanoplates, zinc borate.

Classification numbers: 2.4, 2.9
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polyetylen glycol - PEG (>299%) va axit oleic - OA (>99%)
xuit xtr Xilong. EG kich thudc 100 mesh, ty 1& gidn ng 280
ml/g 14 hang thuong phdm Trung Qudc. Hat nhya nguyén
sinh HDPE 6100 (Han Qudc) co ty trong 0,952 g/cm?, chi
s6 néng chay 0,052 g/10 phiit.

2.2. Tong hop nZB

Hoa tan riéng 1e mudi ZnSO,.7H,0, axit H, BO, va
NaOH trong nudc cét dé tao thanh cac dung dich goc tuorng
mg ¢ nong do 1a ZnSO, 2,0 M, H,BO, 1,0 M va NaOH
1,0 M. Cho 60 ml dung dlCh axit H, BO 1 ,0 M véo binh cau
ba ¢6 dung tich 250 ml. Thém tir tu: NaOH 1O M dé diéu
chinh pH cua dung dich H,BO, dén cac gia tri can khao sat.
Gia nhiét, nho giot tur tir 5 O ml dung dich ZnSO, 2,0 M vao
hon hop H,BO,/NaOH, khuay hon hop phan tng véi toc do
500 Vong/phut Sau khi két thiic nho giot ZnSO,, tiép tuc
duy tri gia nhiét va khuay thém khoang 3 gio. Sau do ly tam
lay két tta va rira két tiia nhiéu lan bang nudc cat dé loai bo
céc chat phan tmg du. San pham sau khi siy kho ¢ nhiét do
105°C duoc nghién min dé xéc dinh cac dic trung va dung
dé phdi tron cac composite chng chay.

Khao sat cac yéu t anh huong dén qua trinh tong hop
nZB nhu sau: i) Anh huong ctia pH: Phan ting tong hop nZB
duoc khao sat tai cac gia tri pH 6, 7, 8 va 9 tai nhiét do 80°C,
khong ¢ chat hoat dong bé mit; ii) Anh huong cua nhiét
d6: Cac thi nghiém duoc tién hanh & pH 7 tai cac nhiét d
70, 80, 90 va 100°C; iii) Anh huong ciia chat hoat dong bé
mat gém OA, PEG, SLS va Tw80 duoc khao sat tai nhiét
do 80°C vapH 7. Cac chét hoat dong bé mat duge thém vao
dung dich axit H,BO, véi ty 1¢ 3% khdi luong.

2.3. Ché tao nanocomposite ché'ng chday nZB/RP/EG/
HDPE

Céc mau HDPE chdng chay véi ty 1¢ chat don khac nhau
dugc ché tao bang phwong phéap tron hdn hop nong chay
trén hé thiét bi tron Haake (MY¥). Hat nhya HDPE va cac
nguyén lidu duoc sdy kho truéc khi st dung. Téng ham
luong chat don duoc ¢ dinh & 22%, trong d6 EG chiém
6%, ty 16 nZB/RP dugc thay ddi dé xac dinh ham luong
nZB t6i wru. Thoi gian tron 1a 8 phut ¢ nhiét do 175°C véi toe
do quay 50 vong/phut. Sau dé, hdn hgp nhua duoc ép nong
& 200°C trong 4 phiit vai Iyc ép khoang 10-12 MPa dé tao
thanh cic tim composite c6 d6 day 3 mm. Mau duoc dé 6n
dinh it nhat 24 gio trude khi danh gia dic tinh cta vat liéu.

2.4. Ddac truwng vt liéu nZB va danh gid ddac tinh ciua
composite nZB/RP/EG/HDPE

Vit liéu nZB duoc dic trung bang cac phuong phéap hién
vi dién tr quét (FE-SEM, S-4800 - Hitachi), nhiéu xa tia X
(XRD, D8 ADVANCE - Brucker), ph6 hap thy hdng ngoai
(FT-IR, Spectrum Two - Perkin Elmer), phan tich nhiét
trong luong va nhiét vi sai (TGA va DTA, Labsys Evo 1600
- Setaram).
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Thir nghiém chay ding UL94-V duoc thuc hién theo
ASTM D 3801-96 trén thiét bi GT-MC35F-2 (Gester, Trung
Québc). Chi sb 6xy t6i han (LOI) duoc xac dinh theo ASTM
D2863 trén may Yasuda No.214 (Nhat Ban). Tinh chat bén
kéo cta cac composite dugc xac dinh theo ISO 527 véi
tdc do kéo 50 mm/phiit trén may Gotech Testing Machine
(Pai Loan, Trung Quéc). Do bén va dap Izod khong khia
dugc thuc hién trén thiét bi TestResources (M§) theo
ASTM D4812.

3. Két qua va ban luan
3.1. Anh hwéng ciia pH dén vit liéu nZB

Két qua do XRD ctia cac mau nZB tong hop ¢ nhiét do
80°C tai cac pH khac nhau dugc trinh bay ¢ hinh 1. Tai pH
6, vat lidu ¢6 cau tric hau nhu vo dinh hinh, khong xac dinh
duoc thanh phan pha hoa hoc. Gian d6 XRD ctia cac mau thu
dugc 6 pH 7 va 8 phu hop vai thé JCPDS 01-072-3911 cua
Zn[B,0,(OH),] hay 2Zn0.3B,0,.3H,0. Cac vach nhiéu xa
hep Va ¢6 cuong do manh chung to san pham c6 do tinh thé
cao. Trén gian do XRD ciia mau tong hop & pH 9, ngoai thanh
phan pha chu yéu 1a Zn[B,0,(OH),] con xuét hién cac vach
nhiéu xa dic trung cho t1nh the ZnO (JCPDS 00-036-1451).

pH 9
pH 8
pH 7

pH 6

Cwong do (a.u)

JCPDS No. 01-072-3911

HH Hih ‘ \\‘ ‘HH‘HH T EUTINN [ WO Y TR Y S TOTAR S TR
JCPDS No. 00 036 1451

1015 20 25 30 35 40 45 50 55 60 65 70
260 ()

Hinh 1. Gian dé XRD cua vat liéu nZB tai cac pH khac nhau.

Hinh 2. Anh SEM clia nZB tai cac pH khac nhau.
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Két qua do SEM trén hinh 2 cho thay, anh huong cia pH
dén hinh dang hat. O pH 6, san pham la cac hat gan giong
hinh cau kich thuéc kha dong déu, duong kinh trung binh
khoang 40-70 nm. Cac hat cau két tu voi nhau thanh cac
khéi bong co kich thude khoang 200-400 nm tao thanh céu
trac Xép. O pH 7 va 8, hat nZB c6 dang tam mong, d§ day
khoang 40-50 nm, d¢ rong khoang 200-500 nm. Tai pH 9,
cac hat nZB 1a cac khéi chic dic giéng hinh cau det, bé mit
g6 ghé. Céc hat nano c¢6 xu hudng két tu lai v6i nhau & ca 4
gia tri pH va su két tu din ra manh nhat tai pH 9. Gia tri pH
7 duoc lya chon cho cac nghién ciru tiép theo.

3.2. Anh hwéng ciia nhiét dp dén vit liéu nZB

Hinh 3A 14 két qua do XRD cuia cic mau nZB két tia tai
cac nhiét do khac nhau. O cac nhiét do 70-90°C, cic mau
vét liéu thu duge déu c6 thanh phan pha la Zn[B,O (OH),].
Mau tong hop & 70°C ¢6 d6 tinh thé kém hon cac mau & 80
va 90°C. Véi mau nZB tong hop & nhiét d6 100°C, ngoai
thanh phan pha chii yéu la Zn[B,0,(OH),] con xuat hién
mét pha ZB khac 1a 4Zn0.B,0,. H O img voi thé JCPDS
00-057-0146. Noi cach khac, mau nZB tong hop ¢ 100°C

khong don pha.
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Hinh 3. Gian dé XRD (A) va gian dé TGA-DTA (B) cua nZB tai nhiét do
khac nhau.
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Gian do TG cua nZB téng hop tai cac nhiét d6 80 va
100°C trén hinh 3B cho thiy, tir 80-180°C, ca 2 mau déu c6
su giam khoang 4% khéi lugng tmg véi sy bay hoi am. Tir
180-500°C, mau tong hop tai 80°C c6 mot bude giam khodi
luong khoang 12,9% trén duong TG, twong ting véi mot dinh
thu nhiét tai 280°C trén duong DTA. Su giam khdi luong
ndy duoc gan cho sy phén huy nhiét cua Zn[B,0 (OH),].
V6i mau nZB diéu ché tai 100°C, tong phan tram giam kh01
luong trong khoang 180-500°C 1a 13,7% va chia thanh 2
budc. Mot bude giam 11,9% trong khoang 180-330°C va
mot bude giam 1,8% trong khoang 330-500°C. Tuong tng,
trén duong DTA c6 2 dinh thu nhiét tai 280 va 375°C lan
lugt duoc gan cho su phéan huy nhiét cia Zn[B,0,(OH),] va
4Zn0.B,0,.H,0.

Anh SEM nghién ctru sy anh huong cia nhiét do phan
ung dén hinh dang hat dugc trinh bay ¢ hinh 4. O nhiét do
70-80°C, vat liéu nZB thu dugc 1a cac tim nano c6 bé mat 1
nhitng hinh da giac rong tir vai chuc dén vai trim nanomet
va do day kha dong déu, trung binh 40-50 nm. Khi thyc
hién phan @mg & 90°C, cic tinh thé c6 xu hudng phat trién
thanh hinh que, rong khoang 50-70 nm, chiéu dai khoang
300-500 nm va co6 thé dat téi 1-1,2 pm, ty 1& dai/rong dao
dong 6-20 lan. Khi phan tmg ¢ 100°C, tinh thé hinh que phat
trién cang rd rét, chiéu rong khoang 70-170 nm, chiéu dai
cuc dai dat xap xi 6,8 um, ty 1¢ dai/rdng cuc dai do duoc
xap xi 40 lan. Diéu nay c6 thé giai thich 14 do khi tang nhiét
d6 phan tng, sy phat trién tinh thé theo truc ¢ thuan loi hon
trong khi kich thudce theo truc a va b tang khong dang ké.
Két qua thuc nghiém cho théy, nhiét d6 80°C phu hop dé
tao ra Zn[B,0O,(OH),] don pha, cAu tric tim nano va c6 do
tinh thé cao.

500 nm:

500 nm

Hinh 4. Anh SEM ctia cac mau nZB téng hop tai cac nhiét dé khac nhau.

3.3. Anh hwéng ciia chit hoat dpng bé mdt dén vit liéu
nZB

Cac gian dd XRD cua cac mau nZB bién tinh véi cac
chat hoat dong bé mat khac nhau (hinh 5A) déu phu hgp
v6i thé JCPDS 01-072-3911 cua Zn[B,0,(OH),]. DBJ sdc
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nhon cta cac dinh nhiu xa khong thay ddi dang ké so voi
mau nZB khong st dung chét hoat dong bé mat. Nhu vay,
OA, PEG, SLS va Tw80 khong lam thay d6i thanh phan pha
cling nhu do két tinh ctia nZB.

(A)
Twio

sts

‘ on

‘ PEG

JCPDS No. 01-072-3911

Cuwong do (a.u)
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Hinh 5. Gian d6 XRD (A) va phd FT-IR (B) clia cac mau nZB véi cac chéat
hoat déng bé mét khac nhau.

(B)

T (%)

Phd FT-IR cua cac mau nZB tong hop vai cac chat hoat
d6ng bé mit khac nhau (hinh 5B) déu cho thiy cac dinh hip
thu dac trung cho cac dao dong ctia borate. Cu thé, dao dong
Y(B,-0) tai s6 song khoang 660 cm!, v(B,-O) tai 860 va
808 cm™, v, (B,-O) tai 1064 cm, v(B,-O) tai 938 cm’!,
v, (B;-O) tai 1416 va 1253 cm™, 8(B-O-H) tai 1195 va 1064
cm! va v,(B(OH),) tai 754 cm,

Két qua SEM déanh gia anh huong cua chat hoat dong
bé mat dén hinh thai hat nZB dugc trinh bay trong hinh 6.
Khi c¢6 OA, PEG hoic SLS, cc tim nZB thu dugc c6 chidu
huéng moéng va rong hon. Cu thé 1 véi OA, cac tim nano



¢6 d6 day khoang 40 nm, rong 400 nm - 1 mm. Céc tim nZB
bién tinh véi PEG hodc SLS ¢6 d6 day giam hon mot chut,
trung binh 25-40 nm. V6i Tw80, sy tang d0 rong va giam do
day cang ro rét. Mau nZB-Tw80 c6 hinh dang nhu cac “canh
hoa” hinh tron kha dong nhét, dwong kinh 1,5-2,5 mm, bé
mat va ria “canh hoa” kha min, d¢ day khoang 20 nm. Nhu
vay, cac chét hoat dong bé mat su dung trong nghién ctru
nay khong anh huéng nhidu dén cau trac, thanh phan hoa
hoc nhung c6 dan dén su thay ddi 16 rét vé hinh dang hat
nZB. Do ¢6 cAu triic tAim nano mong va rong, co thé tao hiéu
g khong gian, han ché sy tiép xtic cia polyme véi khong
khi trong qua trinh chay, mdu nZB-Tw80 dugc dung dé thu
nghiém kha nang phdi hop chdng chay trén nhya HDPE.

500 nm

Hinh 6. Anh SEM ctia cac mau nZB bién tinh véi cac chat hoat dong bé
mat: (A) nZB-OA, (B) nZB-PEG, (C) nZB-SLS, (D) nZB-Tw80.

3.4. Khd ning chong chdy ciia t6 hop vit liéu nZB/RP/
EG/HDPE

Ty 18 phéi tron HDPE véi cac phu gia va dic tinh chong
chay cta cac composite dugc trinh bay ¢ bang 1. Véi su
¢6 mit cta t6 hop RP/EG theo ty 1& 16/6 (HDPE1), kha
ning chdng chay ctiia nhwa HDPE dugc cai thién dang ké.
Chi s6 LOI ting tir 17,2% trén mau HDPE 1én dén 25,9%
trén mau HDPE1. Két qua kiém tra UL94-V cho thy, mau
HDPEI dat mic chdng chay V-0 vé6i thoi gian chay sau
@bt 1an 1 (t) va 2 (t,) lan luot 1a 0,9 va 2,3 s, hién tuong
nho giot khong con. Khi thay thé RP bang nZB 2-6% dong
thoi ¢ dinh tong ham lwong phu gia 1a 22% va ty 18 EG la
6%, cac composite thé hién kha niang chéng chay ting dan.
Tuy nhién, khi ting nZB 1én 10% (mau HDPES5), kha ning
chéng chay ciia composite giam dang ké, LOI con 24,1%
va mau khong dat chuan UL94-V. Nhu vay, dé composite
HDPE dat mirc chong chay t6i wu, ham lugng nZB thich
hop la khong qua 6%.

&EO%H%%E 66(1) 1.2024

memmmmmmmm Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc, Céng nghé nano

Bang 1. Két qua chéng chay cla cac té6 hop nZB/RP/EG trén nén nhwa
HDPE.

Ty 1¢ khéi

Miu lwgng nZB/ 3:‘;{:_%5 theo Thoi gian chdy (s) Nho giot LOI (%)
RP/EG/HDPE
HDPE 0/0/0/100 Khong dat Mau chay toikep  Co 17,2
HDPEl  0/16/6/78 V-0 t=09,t=23 Khong 25,9
HDPE2  2/14/6/78 V-0 t=0,8,t=1,9 Khong 26,0
HDPE3  4/12/6/78 V-0 t=1,0,t=15 Khong 26,3
HDPE4  6/10/6/78 V-0 t=0,7,t=13 Khong 26,8
HDPES 10/6/6/78 Khong dat =2, =) Khong 24,1

Su gia tang hiéu qua chong chay khi két hop nZB, RP
va EG trong nén HDPE c6 thé giai thich do tac dung hiép
dong giita cac phu gia nay. Hiéu qua chong chay ctua RP
chu yéu dat dugc trong phaﬂ ngung ty. Oxit ons, sinh ra tu
phan tng 6xy hoa RP c6 thé hap thy hoi nude dé tao thanh
axit phosphorric hoac polyphosphorric 16ng nhét, dong vai
tro nhu mot 16p mang bao vé, bao phu bé mat vat chay,
ngan can sy tiép tuc chay cua vat li¢u. Ngoai ra, RP cling
lam giam luong nhiét giai phong & pha khi theo co ché
bay gbc tu do [15]. Trong khi d6, co ché chéng chay cua
Zn[B,0,(OH),] gdm su pha loang ndng d6 oxy tai pha khi
do hoi nu6e duge gidi phong va su tao thanh 16p mang B,O,
giong thuy tinh bao phu 16p mudi than tai pha ngung tu [2].
Khi hén hop chéng chay c6 dong thoi EG, nZB va RP, hoi
nude giai phong tir borate thuc day qua trinh chuyén héa
oxit P,O; thanh 16p ma‘mg’ax’it. Hon nita, cic san pham phan
huy cua nZB va RP ¢6 thé két hop vdi nhau, hinh thanh hop
chat kém photphate bén nhiét, gitp gia cuong 16p mudi than
truong phong sinh ra tir EG [16], tir d6 giam hién tugng
nho giot va lam ch@m qua trinh phan huy cua polyme. Tuy
nhién, khi tang ham lugng nZB dong thoi giam ham luong
RP dén mot mire nhat dinh, luong oxit P,0, s& bj thiéu hut,
lam giam sy hinh thanh mang axit phosphorric va kém
photphate trong pha ngung tu, va lam suy yéu phan tng bay
gbc tu do trong pha khi. Khi d6, kha ning chdng chay cia
hdn hop nZB va RP bit dau giam sut nhu quan sat dugc trén
méu HDPES.

3.5. Co tinh ciia composite HDPE

Két qua phan tich co tinh cua cic composite nZB/
RP/6EG/78HDPE duoc trinh bay & bang 2. Co thé thiy
r@“mg, co tinh ctia composite dugc cai thién khi thay 2%
khdi lugng RP bﬁ“mg nZB. Céc thong s6 do bén kéo, dd gian
dai khi dut va do bén va dap cua composite HDPE2 chira
2% nZB ting tuwong tmg 1a 11,5, 9,2 va 3,6% so v6i mau
HDPE1 khéng chita nZB. Co tinh cua cac composite tang
dan khi ham lugng nZB thay thé cho RP ting 2-10%. Khi
ty 18 nZB 1a 10%, d bén kéo, d6 gian dai va d bén va dap
tang 1an luot 1a 15,2, 22,1 va 24,3% so v6i khong c6 nZB.
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Bang 2. Két qua do co tinh ctia composite HDPE.

Mau Ham hrgng nZB (%) D9 bén kéo (MPa) D9 gidn dai khi ditt (%) D9 bén va dap (k/m?)

HDPET 0 19,15 154,78 21,82
HDPE2 2 2135 168,95 261
HDPE3 4 2138 177,71 22,89
HDPE4 6 2146 180,14 23,94
HDPES 10 22,06 188,94 27,12

Xu hudng tang co tinh cua composite HDPE khi ham lugng
nZB thay thé cho RP ting c¢6 thé giai thich do hat nZB c6 kich
thude nho, it gay ra khiém khuyét cho mang polyme hon so véi
RP. Ngoai ra, véi dién tich bé mit riéng va nang lugng bé mit
16n, luc tuong tic gitra cac hat chit don voi phan tr polyme
trong composite manh Ién, lam tang do bén co hoc cua vat liéu
[17]. Tuy nhién, két qua thir nghiém chdng chay cho thiy, hiéu
qua chdng chay ctia miu nanocomposite HDPE giam di khi ham
lugng nZB thay thé cho RP dat 10% khdi luong. Do d6, xét mot
cach téng thé, composite 6nZB/10RP/6EG/78HDPE dat hi¢u
qua chdng chay va tinh chit co 1y tot nhat.

4. Két luan

Trong nghién ciru nay, vat liéu nZB da dugc tong hop thanh
cong bang phuong phap két tia tir mubi ZnSO, va axit H,BO,,
chit diéu chinh pH 1a NaOH. C¢ thé thay doi thanh phan pha
va hinh dang hat nZB bang cach kiém soat cac théng s6 phan
ung g6m pH, nhiét do va chét hoat dong bé mit. Cac chét hoat
dong bé mat c6 xu hudng tao thuan lgi cho sy mé rong cua cac
tim nZB, 1am tang ty 1€ do rong/do day cua cac tAm nano. VAt
liéu Zn[B,0,(OH),] don pha, hinh “canh hoa” nano dugc tao
thanh tai pH 7, nhiét 46 80°C véi sy ¢6 mat ctia Tw80 ty 1€ 3%.

Vit liéu Zn[B,0 ,(OH),] dang ‘canh hoa” nano the hién
hiéu qua chéng chay hiép dong v6i RP va EG trén nén nhya
HDPE. Nanocomposite nZB/RP/6EG/78HDPE dat hiéu
qua chdng chay tot nhat véi gia tri LOI dat 26,8% va miic
chéng chay UL94 V-0 ¢ ty 1¢ khi luong nZB 1a 6%. Bén
canh do, “canh hoa” nano Zn[B,0,(OH),] con cai thién hi¢u
qua céc tinh chat co hoc ciia hé¢ composite RP/6EG/7SHDPE.
Cac gia tri do bén kéo, do gian dai khi dut va do bén va dap
ciia 6nZB/10RP/6EG/78HDPE dat lan luot la 21,46 MPa,
180,14% va 23,94 kJ/m?, ting dang ké so voi composite
RP/6EG/78HDPE khong chira nZB.

LO1 CAM ON

Nghién ctru ndy dugc tai trg bdi Vién Han 1am Khoa hoc
va Cong nghé¢ Viét Nam theo dé tai ma so TDPCCC.03/21-23.
Céc tac gia xin chan thanh cam on.
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