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TOM TAT
Bai béo trinh bay két qua phat trién vat liéu composite méi ngudn gc ti nhién trén co s¢ nhya epoxy

resorcinol sinh hoc — diatomite bing quy trinh xanh hai giai doan dva trén dic tinh “séng” cta sy triing
hop cation. Bao gdm sy kh&i dau phan tng bing 4nh sing va sau d6 1 sy héa rin khong cin anh sing
dudi tdc dung nhiét, quy trinh nay cho phép thu dugc cac composite epoxy-diatomite day va khong trong
subt ma khong cin diing bat ¢ dung méi hay chit héa rin gbc amine nguy hai ndo. Cac anh hwéng cta
ham lwgng diatomite dbi v6i cac tinh chit co hoc va phan ting véi ltta ctia nhitng composite nay di
duoc khao sat. Trén co s danh gia cdc tinh chit nay, composite thu dugce véi diatomite chiém 40% khéi
lvong duge xem nhut composite tdi wu. Composite nay ¢6 mé dun udn 1a 3,6 MPa va tng xif 1am chiam
chay dang chii y v&i dinh téc d6 téa nhiét (peak of Heat Release Rate - pHRR) 132 W/g va tong lwong
toa nhiét 6 kJ/g ghi nhan dugc trong phan tich nhiét lugng ké dong dbt chay nhiét phan (Pyrolysis
Combustion Flow Calorimetry - PCFC).

ABSTRACT

This paper presents results of development of novel bio-based resorcinol epoxy resin — diatomite

composites by a green two-stage process based on the “living” character of the cationic polymerization.
This process comprises the photoinitiation and subsequently the thermal dark curing, enabling the
obtaining of thick and non-transparent epoxy-diatomite composites without any solvent and harmful
amine-based hardeners. The effects of the diatomite content on mechanical and reaction-to-fire properties
of such composites have been investigated. Based on the evaluation of these properties, the composite
obtained with 40 wt.% diatomite is considered the optimal composite in the present work. Such
composite exhibits the enhanced flexural modulus of 3,6 MPa and an outstanding flame retardancy
behavior with the peak of heat release rate (pHRR) of 132 W/g and the total heat release of 6 kJ/g in the

pyrolysis combustion flow calorimeter (PCFC) analysis.

1. Gi6i thidu

dung, diatomite ton tai & nhiéu dang khéac nhau, bao gdm dang hat 0,5 -

3 mm diing lam chit hip thy, dang bdt diing 1am cac chat khoéng dién

Diatomite dwgc hinh thanh ti¥ cic trAm tich giau silic diéxit dudi
dang cac khung xuong silic ctia tdo cat — mot tdp hgp cac loai tdo don
bao circ nho. Ciu tric da dang va phiic tap ctia cic khung xwong silic
nay 14 co s& cho céc tinh chit dang chii ¥ ctia diatomite. Trén thé gidi,
diatomite dugc st dung réng rai nhd vao d6 xp cao (1én t&i 90 %), kha
ning hip thu chit long tuyét voi, ty trong thip, khong doc hai, trit
lwong 16n va chi phi hop 1y [1-3]. Puoc didu chinh cho nhiéu tng
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déy t¢ nhién hay dang bui ding trong san xuét vat liu cach nhiét.
Diatomite ditgc st dung dé tao nén céc vat liéu gbm rbng nhe trong xay
dung nh& vao céc tinh chét cach nhiét va kha ning kiém soat d6 4m cua
n6 [4-6]. Théng thudng, cac vat liéu gbm nay dugce san xult bing qua
trinh nung két doi hoi nhiét d6 cao. Mic dit trén diatomite v&i cac phé
thai néng nghiép ching han nhv tro ctia cic loai vo hat & Brazil [7] hay

v6i tourmalin ciing nhu cdc phu gia nung két [8] gitip 1am giam nhiét
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d6 nung két, qua trinh nay van tiéu tén rit nhiéu ning lwong. Su phat
trién ctia cic composite st dung diatomite v&i vai trd chét didn dly gbe
silic 13 mot Iwva chon khac thay thé cho ki thuat nung két trong viéc tao
ra cac vit liéu tién tién trén co s& diatomite ma qua trinh ché tao bot
tiéu tén ning lwong hon. Cac vi du vé composite sit dung diatomite
cing v&i nhidu loai chdt nhya nén khic nhau nhu epoxy [9],
polyacrylate [10], polyetherimide [11], polyurethane [12], polylactide
[13], chitosan [14] hay céc loai cao su khic nhau [15] da cho thiy su
cai thién v& d6 6n dinh nhiét va cac tinh chét co hoc cta cdc composite.
Viée st dung chit dién day gbc silic nhu diatomite ciing dwgc ky vong
lam giam kha ning chdy cao clia nhwa nén st dung trong composite.
Trén thyc té, cac hop chét silicon c6 thé duge duing mdt cach riéng biét
[16, 17] hodc diing chung v&i cdc chit 1am chdm chéy khéc ching han
nhu cac chit gbc phét-pho [18-20] dé tao ra kha ning khang nhiét va
lam cham chay déang cht y ctia cac composite.

Trong cac loai nhua nén, nhua epoxy la loai vét liéu duoc quan
tam trong nhiéu linh vite nhd vao cic tinh chit co hoc va nhiét hoc
tuyét voi cting vdi kha nang khéng céc tic dong héa hoc [21, 22]. Céc
tinh chit wu viét cta nhya epoxy dén tir cAu trac lién két chéo va su
c6 mit ciia cdc vong thom trong cic mo-nd-me ching han nhuw
diglycidyl ether bisphenol A (DGEBA) duing cho cic san phém nhya ky
thuat [23]. Tuy nhién, viéc san xuit va cic Gng dung ctia nhitng loai
nhya nay da va dang d6i mit v6i nhitng vAn dé v& méi truong va stc
khée do su phu thudc vao cic ngudn nguyén liéu héa thach va sy doc
hai ctia bisphenol A [24-26]. Do dé, tim ra nguyén liéu diu vio thay
thé cho DGEBA va tit d6 phat trién nhitng vét liéu than thién moi
truong hon 1a diéu c6t yéu dé huwéng t&i sy phat trién bén vitng.
Trong mot nghién ctu trude, moét loai nhya epoxy sinh hoc da dugce
nhém nghién ciu phat trién trén quy md phong thi nghiém ti¥ mot
loai m6-n6-me thuong mai tén la resorcinol diglycidyl ether (RDGE)
(Hinh 1) thoéng qua sy tring hop cation dudi tdc dung cta tia UV
[27]. Qué trinh nay phit hgp v&i cdc nguyén tic ctia héa hoc “xanh”
v6i yéu cAu don gian vé thiét bi, thoi gian ché tao vat liéu giam di, va
dic biét khong st dung bét ctt dung méi hay chit héa rin gbc amine
doc hai nao [28].

Mac du viéc st dung qua trinh tring hgp cation dudi tic dung
ctia tia UV dé ché tao cdc composite trén co sé nhira epoxy sinh hoc-
diatomite t6 ra kha hip dan trong viéc phat trién cac vat liéu tién tién
dap ting cac yéu ciu vé méi trudng, huéng di ndy van gip nhidu tro
ngai do nhitng han ché trong qua trinh chiéu sang. Trén thyc té, tinh
can séng cua diatomite gy tr¢ ngai cho sy thAm nhép cta céc tia UV
vao hdn hop héa hoc, tit d6 ngin can sy tao thanh cac lién két chéo
trong cAu tric cta nhya nén epoxy. Mot hién tugng tuong tu ¢ thé
duwgc nhin thdy trong tinh hubng triing hgp mét Iwgng nhita 16n, khi
ma sy hinh thanh cac lién két chéo xay ra dau tién & phan hén hop
nhya ndm gén nguén chiéu sang, tao nén 16p nhva duc ngédn chan sy
tham nhép ctia cac tia UV va khién cho phén con lai caa hdn hop
khong hinh thanh duoc céc lién két chéo [27].

V§&i muc tiéu tao ra composite ¢6 do day dang ké (> 1mm) va

khong xuyén sang bing phuong phap quang héa stt dung RDGE lam

mo-nd-me epoxy va céc hat diatomite 1am chét dién ddy, nhém tic gia
da céng b mot nghién citu [29] lién quan dén mot cach tiép can dua
trén cac dic trung cua sy trung hop cation cla cic epoxy. Bai bdo
hién gi® trinh bay mét phin két qua cta nghién cttu di cong bd nay.
M6t mit, phan Gng triing hop cation nay dién ra v6i téc d6 kha cham,
dac biét trong truong hop st dung cadc mo-nd-me loai phenyl glycidyl
ether v&i sy ¢6 mat ctia pha cam wng cham [30]. Mét khéc, cdc nhém
trung tdm hoat dong dugc tao ra trong qué trinh tring hop cation c6
vong doi rat dai. Hai dic diém nay dem dén cho dang tring hop nay
dic tinh “séng” [31], cho phép phét trién mét qué trinh hai giai doan
@8 tao ra composite mong mudn. Nhu vay, qué trinh triing hop 6 thé
dugc kich hoat dudi tdc dung cua tia UV, sau d6 dugce tiép tuc dudi
tac dung ctia nhiét ma khong cin bit ki ngudn séng nao nita (Hinh 2).
Anh huwéng cta ham lwong diatomite 1én tinh chit co hoc va phan

{ng vGi Ita ctia cac composite duge trinh bay trong bai bdo nay.

2. Nguyén liéu va coéng tic thi nghiém

2.1. Nguyén liéu

Resorcinol diglycidyl ether (RDGE) da dugc mua tit cong ty
Sigma Aldrich. Deuteron-UV1242 (bis (dodecylphenyl) iodonium
hexafluoro-antimonate) (Hinh 1), tit bay gio goi la Iod, da dugc cung
cAp boi cong ty Deuteron GmbH. Diatomite nung dang hat v&i kich c&
tir 0,3 dén 0,7 mm va khéi lwong thé tich biéu kién 0,53 g/cm® da
dwgc mua tit cong ty Denios. Tit cic cdc nguyén liéu nay duogc st
dung & trang thai nhu ltc tiép nhin tit bén cung cip ma khéng st

dung bit ky quy trinh loc sach b sung nio.

o/\g

O/\g

Resorcinol diglycidyl ether (RDGE)

SbF .~

|+
H23C12 : : C12H23

Deuteron-UV1242 (Iod)
Hinh 1. Cong thitc héa hoc ctia cac chit phan @ng.
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2.2. Chudn bi mdu composite

Hb6n hop gdm RDGE v&i vai trd mé-n-me va Iod v&i vai tro chit
kich hoat nhay sing dd dugc dit trong tii ddi lvu & nhiét d6 90 °C
trong 10 phiit, sau d6 dwoc khudy cAn than dé 1am hoéa 1ong va tron
déu cac chit phan tng. Hon hop 1ng sau d6 duoc khudy bing viéc si?
dung thanh nam chiam quay v6i tbc 6 7 rpm, ddng thoi duge chiéu
sang bai dén UV & nhiét d6 phong va tiép xtc véi khong khi. Thiét bi
chiéu btic xa anh sang duoc st dung 14 dén Hg-Xe Hamamatsu vdi
pham vi phé phat bifc xa rong ti 250 t&i 450 nm (Lightning Cure LC8
(L8251), 200 W) dugc gin v6i hé théng cin didu chinh huwéng sang.
Cuong do bifc xa cua dén 1a 22 mW/cm? & khoang cach 20,5 cm tinh
tlt ngudn sang. Giai doan chiéu sang dugce thuc hién sao cho hdn hop
van gitt trang thai 1ong sau thdi gian duoc chiéu sang.

Dé tao ra composite v&i diatomite 1am chat didn dly, hén hop
(RDGE + Iod) sau khi dugc kich hoat bdi tia UV da dugce rét vao
khuén va dé & nhiét &6 phong trong 10 phit dé 1am ting d6 nhét ctia
hén hop nhim han ché sy thAm nhép vé sau nay cta hén hop vio cac
hat diatomite. Cac hat diatomite sau d6 dugc db vao khuén va duoc
khuéy cAn than ciing véi hdn hop nhwa cho t&i khi sy ngdm tAm boi
nhua dugce quan sat thiy (mau ctia tit ca cic hat diatomite tr& nén
sdm do tiép xtc v&i hén hop nhwa). Tiép d6, hén hop nhya —
diatomite dugc nén trong 1 phit bdi may nén thuy luc Specac véi kha
ning cung cip Iyc nén téi da 15 tAn. Hdn hop nén sau dé duoc tach
ra khoi khuén va dat trong ti d6i lwu dé x 1y nhiét. Sau céc thi
nghiém so bd, bai bdo da sit dung cdc théng s sau dé tao ra
composite epoxy-diatomite: hén hgp RDGE va 3,5 % Iod (so v&i khéi
lwgng RDGE) dugc chiéu tia UV trong thdi gian 2,5 phiit, sau ¢6 hén
hop nhya — diatomite (khéi lvgng diatomite tit 30 dén 60 % téng khéi
lwong hdn hop) duge nén & ap sudt 3,9 MPa, cudi cling duoce xi 1y
nhiét & nhiét d6 130 °C trong 24 h. Céc théng s6 nay dam bao ring
qud trinh triing hgp nhia epoxy dién ra hoan toan.

Bai bdo di st dung khuon hinh hép chit nhat ty thiét ké véi
kich thwée tiét dién trong 40 x 10 mm? (Hinh 3) dé ché tao cac miu
(Hinh 4) cho thi nghiém udn 3 diém va thi nghiém phan ¥ng v&i lia.
Chiéu cao ctia khuén cho phép thu duge miu vat liéu v6i chidu day

t6i da 3,5 mm.

Giai doan 2:
Pic tinh "séng" Trang hop nhiét

Céc trung tam
hoat dong
Ey g

H&n hop voi hat diatomite

khéng xuyén sang

Hinh 2. Ché tao composite epoxy — diatomite théng qua qua trinh 2 giai

doan dudi tic dung cta tia UV va nhiét.

Hinh 3. Khuén ché tao mau thi nghiém.

Hinh 4. Hinh anh cic mAu composite epoxy-diatomite v&i cac ty 1& khbi
lugng diatomite khac nhau. (a) 30 %; (b) 40 %,; (c) 50 %; (d) 60 %.

2.3. Ky thudt thi nghiém

Céc tinh chit chiu ubn ctia vat liéu da duoc xac dinh théng
qua thi nghiém uén 3 diém theo tiéu chudn ASTM D790 [32] si
dung may Instron 5965 Universal Testing 1ip dat ddu gia tai cho
phép tbi da 100 N. Cac miu véi kich thude 40x10x(3+0,5) mm?
dugc thi nghiém véi tée d6 diu gia tai 13 5 mm/phit. 5 miu duoc
thi nghiém Gng véi mdi trudng hop khéi lvgng diatomite st dung.

Cac phan tich quét hién vi dién t@ (Scanning Electron
Microscopy - SEM) da duoc thie hién trén kinh hién vi Merlin (c6ng
ty Carl Zeiss) st dung céc cam bién SE2, BSE va InLens. TruGc khi

JOMC| 8



Tap chi Vét liéu & Xdy dung Tdp 13 S6 01 ndm 2023

phan tich, cic miu thi nghiém dugc pht mot 16p hop kim
palladium/platinum day 4 nm bing thiét bi tao 16p phu Cressington
208 HR.

Ung xtt chay ctia vat liéu nghién citu di dugc khao sat bing
thiét bi phan tich nhiét lwong ké dong dbt chay nhiét phian (PCFC)
dén ti¢ Fire Testing Technology Company (Vwong qudc Anh). Véi téc
d6 gia nhiét 1 °C/s, cAc miu nhé (2-4 mg) dugce nhiét phan trong moi
truedng khi ni-to 1én t&i nhiét d6 750 °C. Céc khi gdy ra b&i qua trinh
nhiét phan duoc thu lai va gli t&i mét budng chita 6-xy (20 %) c6
nhiét d6 900 °C. Lugng 6-xy phan ting dugce do va cac théng sb chay
dugec tinh todn, dva theo quan hé Huggett [33]: 1 kg 6-xy phan ting
twong ¢ng v4i 13,1 MJ ndng lugng dugce giai phong. Cac gié tri cua
dinh téc d6 téa nhiét (pHRR), nhiét do ting véi pHRR (TpHRR) va
téng nhiét toa ra (Total Heat Release - THR) da duoc xdc dinh. Céc thi
nghiém d6t theo phuong ding ciing da duoc thie hién véi cac miu
¢6 kich thuéc 40x10x(3+0,5) mm?®. Trong cac thi nghiém nay, céc
miu di duge dung ditng va mot ngon lita da duge tao ra boi diu dbt
Bunsen va duy tri trong 3 s hodc 9 s. S0 d6 mé ta dang thi nghiém

chdy nay dugec trinh bay trong Hinh 5.

\“:\/‘(‘1

40 mm

3.5mm

Hinh 5. So' dd b6 tri thi nghiém dbt theo phutong ditng thuc hién trong

nghién ctu nay.

3. Két qua va thao luan
3.1. Tinh chdt chiu uén

Mb-dun va cudng dé chiu ubn clia riéng nhwa nén epoxy va ctia
composite epoxy-diatomite v6i cdc ty 1& khéi lwgng diatomite khac
nhau duwge thé hién trong Hinh 6. C6 thé thiy ring trong khi mé-dun
chiu ubn duge cai thién dbi véi céc composite ¢c6 ham lugng
diatomite 1én t&i 50 %, cwdng do chiu udn lai bi giam st v&i tit ca
cdc mau composite khi so sdnh véi cuwdng d6 chiu ubn cta riéng nhya
nén epoxy. St kém di vé& cuwdng do chiu ubn lién quan cha yéu téi sw
xuét hién cic 18 rdng trong ciu tric composite dén tit cic hat

diatomite réng x6p. Khi ty 1& khdi lwgng diatomite dugc ting 1én, sw

sut giam ctia ca mo-dun va cuwdng dé chiu ubn dwge ghi nhan. Xu
hwéng giam nay cht yéu do cdc composite tré' nén x6p hon khi ting
ham lugng diatomite. Ngoai ra, mot nguyén nhan phu nita dan ti su
sut giam cac tinh chét chiu udn ctia cic composite 13 sy tdn tai cc
khiém khuyét trong mang lwéi phan ti nhua giy ra béi cac han ché
trong sy khuéch tan nhiét va trong sy phan tén cac phén tit phan ng
trong qué trinh tring hop do st dung ty 1é 16n diatomite.

5 - - 120
7 -
PR F100 2
— E r c
5 { F a0 S
539 =
= 3 r Q
3] 3 - 60 «
c ., ] I L 'g
gZ—z N o
& 1 Py % 40§
=43 { 3
] E L 20

E [ A
E x [
0 T T T T T 0
0 30 40 50 60

Ty 1& khéi lwgng diatomite (%)
Hinh 6. Mé-dun va cudng d6 chiu ubn ctia nhira epoxy va

composite epoxy-diatomite v&i cadc ham lugng diatomite khac nhau.

bic biét, viéc st dung 60 % diatomite din dén sy giam manh
cac tinh chAt chiu ubn (giam 3 14n db6i v&i mo-dun va 7 1an dbi véi
cudng d6 chiu ubn, so v6i cac tinh chit twong @ng cia composite
st dung 50 % diatomite). Hién twgng nay mot mat dén tir sy tang
céc 15 rdng trong ciu triic vat liéu composite, mit khac do sy thay
dbi v& co ché pha huy nhu duge chi ra trong cic anh SEM tai céc
tiét dién phd huay sau thi nghiém udn 3 diém cta cic composite v&i
ty 1& khéi luwgng diatomite khac nhau thé hién trong Hinh 7. C6 thé
nhan thiy ring trong trudong hop st dung 30 dén 50 % diatomite,
nhya nén epoxy va cic hat diatomite dinh két t6t v&i nhau va
khong quan sat thiy su tich 16p ctia hai pha (Hinh 7 - a, b, c). Co
ché pha hiiy vat liéu composite trong trudng hop nay lién quan t&i
st nit v& cla cac hat diatomite trong qud trinh gia tai. Trong khi
d6, mot co ché pha hiy khac dwgce ghi nhan dbi véi composite si
dung 60 % diatomite: s phd huy cta composite nay xay ra xung
quanh céc hat diatomite thay vi sy niit v& ctia ban than cac hat d6.
Trén thuc té, st dung diatomite v&i ty 1é cao 1am giam lgng nhya
nén quanh cac hat diatomite, din t&i mot dang ciu triic ma cac hat
diatomite dinh v&#i nhau mét cach long léo (Hinh 7d). Duéi téc
dung cua tai trong trong thi nghiém uén 3 diém, cic lién két yéu
nay gitta cac hat diatomite c6 xu huéng bi pha v&, dan t&i su phé
huy ctia composite v&i 60 % diatomite.

M6t diém dang chd ¢ nita 13 céc tinh chit co hoc clia cac
composite st dung 30, 40 va 50 % diatomite khéng chénh léch nhiéu
so vGi cac loai gdbm cacbit silicon cAu tric réng [34] ciing nhu cic

composite trén co s¢ DGEBA tinh ndng cao st dung melamine, céc hat
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nano silica hay céc hop chit gbc phbt-pho v6i vai trd phu gia [35].
bic biét, cic composite epoxy-diatomite dang dé cip t&i cho thiy cac

tinh chit co hoc viegt trdi hon hin tinh chit co hoc clia nhiéu loai vat

(a)

litu mit po-ly-me thwong mai ching han nhu cic loai mit

polyurethane [36], polyimide [37] va epoxy [38].

Hinh 7. Anh SEM tai cac tiét dién ph4 huy sau thi nghiém uén 3 diém ctia cic composite véi ty 1& khéi Iwgng diatomite khac nhau.
(@) 30 %; (b) 40 %; (c) 50 %,; (d) 60 %.

3.2. Phdn ttng véi lita

Ung xtt chdy ctia tit ca cdc miu vat liéu da dugc khao sat théng
qua cac thi nghiém nhiét lvong ké dong dét chay nhiét phan PCFC [39],
theo tiéu chudn ASTM D7309 [40]. Vi diatomite 13 vat liéu khong chay

nén kha ning chdy cta nhua nén epoxy chinh 13 co s& cho kha ning
chay tdng thé ctia cdc composite trong nghién cifu nay. Cac duwdng cong
HRR ctia nhiya nén va cic miu composite v&i cac ham lugng diatomite
khac nhau dvoc trinh bay trong Hinh 8 va céc di liéu duoc tong hop
trong Bang 1. Tt Hinh 8 ¢6 thé quan sat thiy ring tit ca cdc miu vat
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liéu n6i chung déu thé hién 1 dinh téc d6 toa nhiét pHRR, qua d6 cho
thdy tinh ddng nhét ctia nhita nén epoxy. Trong tredng hop duwdng cong
ctia mau nhya nén, sy ton tai ciia mot phdn duong cong dang by vai
xay ra tai nhiét d6 cao hon so véi nhiét do ctia pHRR chinh twong ng
v6i st hity hoai ctia phan than sét lai duoc tao thanh tit truée. Dbi v6i
miu nhya nén, gid tri dinh 487 W/g xay ra & 384 °C. Khi c6 miit
diatomite, dinh pHRR dich chuyén t&i mic nhiét d6 cao hon, ngoai trit
mau composite v&i 30 % diatomite. Sy sut giam 16 rét ciia pHRR duge
nhan thiy dbi v6i tit ca cdc mau composite khi so sanh véi pHRR ctia
riéng nhita nén, cu thé 12 cac gia tri pHRR 129 W/g, 132 W/g, 109 W/g
va 97 W/g 13n lvot cho cic miu composite v§i 30, 40, 50 va 60%
diatomite. Cac gid tri tbng nhiét téa ra (THR) d duoc tinh toan bing
cach 14y tich phan cic duong cong HRR. Tit Bang 1 c6 thé thiy cac gia
tri THR ciing giam déng ké tir 16,2 kJ/g d6i v6i riéng nhira nén xudng
con 5,7 kJ/g, 6 kJ/g, 5 kJ/g va 4,4 kJ/g 1an lugt dbi véi cac miu 30,
40, 50 va 60% diatomite. Ca hai chi tiéu pHRR va THR néi chung c6 xu
hwéng giam khi ham lwgng diatomite ting. Ti¢ nhitng gid tri kha gin
nhau trong cic tridng hop 30 va 40 % diatomite, sy sut giam déng ké
clia ca pHRR va THR dugc ghi nhén khi tiép tuc st dung ham lugng
diatomite 16n hon. Su sut giam rd rét ciia pHRR va THR ctia cidc mau
composite so v&i cac chi tiéu tiong Wng cla riéng nhia nén mot phin
dén tit viéc thanh phin dé chay (chinh 14 thanh phin nhia nén) ctia cac
mAu composite it hon nhiéu so véi lvgng nhia trong mau chi ¢ riéng
nhwa nén. Mit khéc, s khuéch tan nhya nén & giita va bén trong cac
hat diatomite c6 tinh khéng nhiét rit cao d4 gép phin bao vé thanh
phan nhva khéi tic dong ctia ngon lita, tif d6 1am giam ca pHRR va
THR. So sénh v6i cdc pd-ly-me tinh niing cao ching han nhu poly(ether
ether ketone) (PEEK) v&i pHRR x4p xi 200 W/g [41, 42] hay polyimide
(PI) v6i pHRR khoang 260 W/g [43], 16 rang 1a cic miu composite
epoxy-diatomite trong nghién cttu nay da thé hién ¢ng x 1am cham
chay rét tbt.

B&i vi PCFC khong dugc xem 1a mot thi nghiém ngon ltta thuc,
cho nén ting xG v&i ngon lta thuc ctia cidc miu v&i ham lugng
diatomite khac nhau dd dugc nghién cifu thong qua thi nghiém dbt
theo phuong diing (Hinh 5). Hai chudi thi nghiém d3 dugc thue hién.
Dbi v6i chudi thi nghiém thi nhét, ngon lita mdi tao ra boi dau dbt
Bunsen da dugc duy tri trong 3 s dé quan sat sy xuét hién ctia mét
ngon lta ro rang. Thao tac nay dugc ldp lai trong truong hgp khong
quan sat thiy ngon ltta trén mau vt liéu. Thi nghiém cho thiy sy béc
chay xay ra dé& dang hon déi véi miu nhiwa nén riéng, trong khi di
v6i tit ca cdc mAu composite, thao tac cham ltta bing dAu d6t Bunsen
da phai dwoc lap lai nhidu lin dé c¢6 ngon ltta trén mdi miu
composite. Tham chi ngay ca khi ngon Iita xuit hién, sau khi ngudn
Itta mdi duge bo di, ngon lita trén miu composite lai tit chi sau vai
gidy trong tridng hop ngon lita nhé. TAt ca nhitng didu nay chi ra
ring céc composite dwgc nghién ctu da thé hién dic tinh ty ngung
chay trong trwdong hop thoi gian d6t lta modi ngin. Tuy nhién, khi
mét ngon Itta dt 16n xult hién (sau nhiéu 1in ding mdi lita Bunsen
hodc sau mot thoi gian cham Iva dai), ngon ltta da c¢é xu hudng lan

theo b mit miu vat liéu bing cach dbt chdy phin nhya nén, cho thiy

ring cdc composite trong truedng hop nay khéng con thé hién tinh ty
ngung chay nita.
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Hinh 8. Cic duwdng cong HRR tit thi nghiém PCFC dbi v&i nhiva nén

va cac mau composite st dung 30-60 % diatomite.

Bang 1. Téng hop két qua thi nghiém PCFC dbi v6i nhira nén va cic

mau composite sit dung 30-60 % diatomite.

Ty 1é khdi lvgng

diatomite PHER Tourn TR

%) (W/g) Q9] (kJ/g)
0 487 384 16,2

30 129 377 5,7
40 132 390 6
50 109 390 5
60 97 394 4,4

Trong chudi thi nghiém thi hai, ngon 1ita mdi Bunsen da duoc
duy tri trong 9 s dé c6 dwoc ngon lia trén mbi miu thi nghiém. Hinh
anh ctia céc thi nghiém d6t theo thdi gian chdy dwgc trinh bay trong
Hinh 9 dé l1am rd anh hudng cua diatomite téi kha ning lam cham
chay. Hinh 9 cho thiy rd rang kich thudc ctia cic ngon lita trong qua
trinh thi nghiém déi v&i tiing maiu vat liéu. Khi miu nhwa nén bi
cham Itta, mot ngon 1tta 16n ngay 1ap titc xudt hién va tiép tuc chay
duy tri kich thude cho t&i khi lta tit. Ngon Iita v6i chidu cao nho hon
da dugc ghi nhan dbi v6i cac mau composite khi so sanh véi chidu
cao ngon lita trong treong hop mau nhyya nén. Ung xt t6t nhit xay ra
& mau composite 60 % diatomite v&i ngon lita nho nhét dién ra trong
thoi gian ngén nht. Ciing dang chi y ring miu nhiya nén cho thiy su
co ngét rit 16n trong ldc thi nghiém, trong khi khéng ¢6 sy co ngét
ndo duge ghi nhan dbi véi cdc miu composite. Ngoai ra, tit ca cac
mau vt liéu déu khong ¢6 ng x{ chay nhoé giot va & cudi thi nghiém
phin vat liéu tan du con rit nhidu (Hinh 10). Bic biét, phin tan duw
ctia miu nhya nén kha gion, trong khi phin tin duv cta cdc miu
composite lai ¢6 d6 dinh két cao — mét dic diém quan trong lién quan
téi didc tinh khang Itta [44]. Viéc phin tan du clia cdc composite c6
tinh dinh két cao chiing minh réng khoéng phai toan bo nhya nén bi
@bt hét. Tinh dinh két quan sat thdy & day hién nhién khong phai 1a
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két qua ctia viée d6t diatomite ma 14 diic tinh cta tan dw nhya sau khi
bi dbt. Néu phan nhua nén bi dt hoan toan thi tan du cta né nhé ra
phai 12 phin than gion thay vi nhitng san phdm c6 tinh dinh két. Sy
xuét hién ciia c4c san pham dinh két trong trudng hop nay dén tir mot
thue té 12 cac hat diatomite nung két v6i diic tinh cich nhiét rat tt
ctia ching di @ng x nhu cc rdo can nhiét gidp bao vé thanh phin
nhya va giam anh huéng nhiét clia ngon lita 1én thanh phin nay, nhit
12 d6i v6i nhitng phin nhia & xa cdc bé mit miu. Do d6 chi phin
nhwa nim & b& mit hodc & gin bé mit miu bi d6t chay hoan toan,
trong khi phan nhita con lai chuyén sang trang théi trung gian v6i dic
tinh dinh két. Ngoai ra, su dinh két ctia cic tan du composite ciing trd
nén nhiéu hon khi ham lwgng diatomite ting 1én. R6 rang, khong chi
dac tinh lam cham chdy ma ca @¥ng x& khang lta va nhd d6 ca tinh
toan ven vé cAu tric, khia canh lién quan t6i cac tinh chét co hoc ctia
cdc composite trong lic chdy, 1a dic diém quan trong tao diéu kién
cho kha ning @ng dung cdc composite epoxy-diatomite trong xiy
dung. Dau vay, dé c6 duge dic tinh ndy, cAn st dung mot lwong
diatomite phit hop. Néu ¢6 qua it diatomite, mét phin 16n nhya nén
sé tiép xtdc vGi ngon l®a va bi dbt chay hoan toan. Ngugec lai, néu
diing qua nhidu diatomite, Ivgng nhia nén sé khong du dé gin két cac
hat diatomite sau qua trinh chay.

60 s

5s 30s

(@)

(b)

15s 45s

(d)

(e)

Hinh 9. Anh ky thuét s6 cho thiy t@ng x( v6i lita trong thi nghiém d6t

theo phwtong ditng ctia nhia nén va cic miu composite v&i ham Iivgng

diatomite khac nhau. Ngon lita mdi Bunsen duoc duy tri trong 9 s. (a)
Nhuva nén; (b) 30 % diatomite; (¢) 40 % diatomite; (d) 50 % diatomite;
(e) 60 % diatomite.

@ ® © @ (e
Hinh 10. Anh ctia phan tan du ctia nhya nén va cdc mau composite vGi
ham lwgng diatomite khac nhau sau thi nghiém dbt theo phwong diing.
Ngon ltta mdi Bunsen dugc duy tri trong 9 s. (a) Nhuwa nén; (b) 30 %
diatomite; (c) 40 % diatomite; (d) 50 % diatomite; (e) 60 % diatomite.

Dé x4c dinh duge ham lwong diatomite t6i wu, cAn cAn nhic tit
¢4 céc tinh chit vat liéu ma ching ta quan tAm. Trong bai bdo nay, cic
tinh chit co hoc va phan tng véi lita clia cic composite 13 co sG@ dé
x4c dinh ham lwong diatomite t6i wu. Bai bdo da chi ra ring sy cai
thién vé ng x chay ctia cic composite di kém v&i sy sut giam cac
tinh chét chiu uén cta ching. Tuy nhién, trong khi cic composite v&i
30 va 40 % diatomite cho thdy tinh chit chiu uén khéng chénh nhau
qué nhiéu va du tréi hon hin céc composite sit dung 50 va 60 %
diatomite, ing x@ v&i lta ctia cac composite st dung 30 va 40 %
diatomite lai khéng kém quéa nhiéu so véi ng x@ ctia hai composite
con lai. Thém vao d6, trong thi nghiém dét theo phuong ditng, véi
ngon lita mdi Bunsen duy tri trong 9 s, c¢6 thé thy kich thude ngon
Itta trong triedng hop dbt chay composite v&i 30% diatomite 16n hon
hén so v&i kich thude ngon lita khi composite sit dung 40% diatomite
bi dbt. Trén co s& can dbi cac chi tiéu, ham lwong diatomite 40%
dwoc xem 13 gid tri t8i wu trong bai bdo nay. Ciing cin chd ¥ ring
ham lwgng diatomite téi wu trong pham vi bai bio nay khac véi ham
lvong diatomite t6i wu trong nghién ctu da céng bd [29] ctia nhém
tdc gia boi vi trong nghién cttu d6, khong chi céc tinh chit co hoc va
phan ing véi lita ma ca tinh chit 4m hoc cta cic composite ciing
duoc xét tdi.

4. Két luan

Bai bado da trinh bay mot phan két qua ctia mot nghién ctu da
cong bd clia nhém tac gia vé viéc phat trién mot loai composite méi
trén co s& nhya epoxy resorcinol sinh hoc va céc hat diatomite. Dya
trén dic tinh “séng” ctia phan Ging triing hop cation, mot qua trinh hai
giai doan, gém giai doan kich hoat bing tia UV va giai doan tring hop
trong béng tdi dwdi tic dung ctia nhiét, da duge thie hién dé tao ra
vat liéu composite epoxy-diatomite. Qua trinh nay da cho phép thu
duge cic miu composite epoxy sinh hoc-diatomite diy va khong
xuyén sang ma khéng diing bit ky mét loai dung méi hay chit héa rin

goc amine nguy hai nao.

JOMC | 12



Tap chi Vét liéu & Xdy dung Tdp 13 S6 01 ndm 2023

Anh hwéng ctia ham lwgng diatomite t&i tinh chit chiu udn va
phan @ing véi ltta ctia vat liéu composite epoxy-diatomite da dugc
trinh bay trong bai bdo nay. St dung 30-50% diatomite gitip cai thién
mé-dun chiu ubn ctia vat lidu so véi mo-dun chiu udn caa riéng nhua
nén. Tuy nhién, sy xuit hién nhiéu hon cta cac 16 réng trong ciu triic
clia composite va si thay d6i co ché pha huay khi ting ty 1& diatomite
lén da lam suy giam tinh chit co hoc clia cc composite, dic biét 1a
khi ham lwgng diatomite chiém t&i 60 %. Trén thic té, trong khi su
két dinh tt gitta nhia nén epoxy va céc hat diatomite duwogc ghi nhin
trong truong hgp cac composite st dung 30-50 % diatomite thi cédc
lién két yéu giita cac hat diatomite lai dugc quan sat thiy trong
tredng hop composite st dung 60 % diatomite. Diéu nay 1a co s& cho
hai co' ché phé hiy khac nhau ctia vét liéu composite epoxy-diatomite:
phé huy do sy n@t v& ctia cic hat diatomite khi ham lvgng diatomite
tit 30-50 %, va phé hiy tai cac lién két yéu giita cac hat diatomite véi
nhau khi 60 % diatomite dugc s dung.

Lién quan dén phan tng cta vat liéu v6i 1ia, tinh chit lam
cham chay ctia cdc composite epoxy-diatomite d4 thé hién ro véi Gng
Xt ty ngwng chay ctia né ciing v&i sy sut giam dang ké ciia céc chi
tiéu pHRR va THR so v&i cac chi tiéu twong ng cta riéng nhua nén.
Thém vao d6, pHRR va THR c6 xu hudng giam khi ham lwogng
diatomite ting lén. Viéc cdc composite khong cho thiy sy nho giot va
co ngot trong qua trinh thi nghiém dbt theo phiong ditng va con mot
lwong 16n phin con lai clia cac composite sau thi nghiém véi d6 két
dinh cao ciing chitng minh ng x khang lita va tinh toan ven v& mit
cAu tric ctia cic composite khi bi chdy. Ca déc tinh lam cham chdy va
dic tinh khang chdy cting véi tinh toan ven ciu tric ddu 13 nhitng diic
diém quan trong cho nhitng ng dung tidm tiang clia cic composite
epoxy-diatomite trong nganh cong nghiép xay dung. Xem xét su can
dbi gitta cac tinh chét co hoc va phan tng véi lita ctia vat liéu, ham
lwong diatomite 40 % dugce xem 1a téi wu, cho phép tao ra composite
epoxy-diatomite v&i mo-dun chiu udn 3,6 MPa, pHRR dat 132 W/g va
THR dat 6 kJ/g. Composite niy c6 mé-dun chiu udn duogc cai thién so
v6i mé-dun chiu udn ctia riéng nhiva nén va ¢ ng xit 1am cham chay
déang chid y khi so sanh v&i cac loai nhya lam cham chéy tinh nang
cao hay dugc biét tdi.

Mot nghién citu sdu hon vé méi quan hé giita cic dic diém vi ciu
triic va cdc tinh chit hitu hiéu ctia vat liéu composite epoxy-diatomite
can dugc tién hanh. Huéng nghién citu nay sé cho phép téi wu héa vi
cAu trdc cta vat liéu epoxy-diatomite nhim dat duoc nhitng tinh chat

vat liéu nhu mong mudn.
Tai liéu tham khao

[1]. van Garderen N, Clemens FJ, Mezzomo M, et al (2011) Investigation of
clay content and sintering temperature on attrition resistance of highly
porous diatomite based material. Applied Clay Science 52:115-121.

[2]. Parkinson J, Gordon R (1999) Beyond micromachining: The potential of
diatoms. Trends in Biotechnology 17:190-196.

[3].

[4].

[5].

[6].

[71.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Akin S, Schembre JM, Bhat SK, Kovscek AR (2000) Spontaneous
imbibition characteristics of diatomite. Journal of Petroleum Science and
Engineering 25:149-165.

Lee S, Ha J-H, Lee J, et al (2020) Preparation and characterization of a
low-cost and natural material-based reticulated porous diatomite-kaolin
composite. Applied Sciences 10:2125.

Mateo S, Cuevas M, La Rubia MD, Eliche-Quesada D (2017) Preliminary
study of the use of spent diatomaceous earth from the brewing industry in
clay matrix bricks. Advances in Applied Ceramics 116:77-84.
Pimraksa K, Chindaprasirt P (2009) Lightweight bricks
diatomaceous earth, lime and gypsum. Ceramics International 35:471-
478.

Escalera E, Garcia G, Teran R, et al (2015) The production of porous brick

made of

material from diatomaceous earth and Brazil nut shell ash. Construction
and Building Materials 98:257-264.

Zheng S, Bai C, Gao R (2012) Preparation and photocatalytic property of
TiO2
International Journal of Photoenergy 2012:1-4.

/diatomite-based  porous ceramics composite materials.
Zeren D, Giiden M (2017) The increased compression strength of an
epoxy resin with the addition of heat-treated natural nano-structured
diatom frustules. Journal of Composite Materials 51:1681-1691.

Leskovac M, Kovacevi¢ V, Ludi¢é S, et al (2002) Composites of
Poly(Acrylate) Copolymer filled with diatomaceous earth: morphology
and mechanical behaviour. Materials Research Innovations 6:206-213.
Rinaldi M, Fabbrizi J, F (2019)

polyetherimide and diatomite based composites: influence of the

Cacciotti I, Nanni Innovative

diatomite kind and treatment. Journal of Materials Research and
Technology 8:1737-1745.

Wang J, Zhao D, Liu Z, et al (2020) Effects of biomass diatom frustule on
structure and properties of polyurethane elastomer. Journal of Applied
Polymer Science 137:48452.

Dobrosielska M, Przekop R, Sztorch B, et al (2020) Biogenic composite
filaments based on polylactide and diatomaceous earth for 3D printing.
Materials 13:4632.

Fu Y, Xu X, Huang Y, et al (2017) Preparation of new diatomite-chitosan
composite materials and their adsorption properties and mechanism of
Hg(II). Royal Society Open Science 4:170829.

Wu W, Cong S (2020) Modified diatomite forms in the rubber
nanocomposites. Journal of Thermoplastic Composite Materials 33:659—
672.

Jin H-Y, Yang Y-Q, Xu L, Hou S-E (2011) Effects of spherical silica on the
properties of an epoxy resin system. Journal of Applied Polymer Science
121:648-653.

Yang P, Ren M, Chen K, et al (2019) Synthesis of a novel silicon-
containing epoxy resin and its effect on flame retardancy, thermal, and
mechanical properties of thermosetting resins. Materials Today
Communications 19:186-195.

Liu Y-L, Wu C-S, Chiu Y-S, Ho W-H (2003) Preparation, thermal
properties, and flame retardance of epoxy-silica hybrid resins. Journal of
Polymer Science Part A: Polymer Chemistry 41:2354-2367.

Gu H, Guo J, He Q, et al (2013) Flame-Retardant Epoxy Resin
Nanocomposites ~ Reinforced ~ with  Polyaniline-Stabilized  Silica
Nanoparticles. Industrial & Engineering Chemistry Research 52:7718-
7728.

Zhang C, Wang J, Song S (2019) Preparation of a novel type of flame
retardant diatomite and its application in silicone rubber composites.

Advanced Powder Technology 30:1567-1575.

JOMC | 13



Tap chi Vit liéu & Xdy dung Tdp 13 S6 01 ndm 2023

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

Wang R-M, Zheng S-R, Zheng Y-P (2011) Polymer matrix composites and
technology. Woodhead Publishing Limited, UK.

Jin F-L, Li X, Park S-J (2015) Synthesis and application of epoxy resins: A
review. J Ind Eng Chem 29:1-11.

Liu Y-L, Hsu C-Y, Wei W-L, Jeng R-J (2003) Preparation and thermal
properties of epoxy-silica nanocomposites from nanoscale colloidal silica.
Polymer 44:5159-5167.

Kosbar LL, Gelorme JD, Japp RM, Fotorny WT (2000) Introducing
biobased materials into the electronics industry. Journal of Industrial
Ecology 4:93-105.

Pan H (2011) Synthesis of polymers from organic solvent liquefied
biomass: A review. Renewable Sustainable Energy Rev 15:3454-3463.
Nikafshar S, Zabihi O, Hamidi S, et al (2017) A renewable bio-based
epoxy resin with improved mechanical performance that can compete
with DGEBA. RSC Advances 7:8694-8701.

Nguyen Q-B, Nguyen N-H, Rios de Anda A, et al (2020) Photocurable bulk
epoxy resins resorcinol
polymerization. J Appl
https://doi.org/10.1002/app.49051
Bourne LB, Milner FJM, Alberman KB (1959) Health problems of epoxy
Occup Environ Med 16:81-97.

cationic
137:10.

based on derivative through

Polym Sci

resins and amine-curing agents.
https://doi.org/10.1136/0em.16.2.81
Nguyen Q-B, Vahabi H, Rios de Anda A, et al (2021) Dual UV-thermal
curing of biobased resorcinol epoxy resin-diatomite composites with
improved acoustic performance and attractive flame retardancy behavior.
Sus Chem 2:24-48.

Bulut U, Crivello JV (2005) Investigation of the reactivity of epoxide
monomers in photoinitiated cationic polymerization. Macromolecules
38:3584-3595.

Goethals E, Duprez F (2007) Carbocationic polymerizations. Prog Polym
Sci 32:220-246.

(2003) ASTM D790-03: Standard test methods for flexural properties of
unreinforced and reinforced plastics and electrical insulating materials.
Huggett C (1980) Estimation of rate of heat release by means of oxygen

consumption measurements. Fire and Materials 4:61-65.

[34].

[35].

[36].

[371.

[38].

[39].

[40].

[41].

[42].

[43].

[44].

Ali MS, Mohamed Ariff AH, Jaafar CNA, et al (2017) Factors affecting the
porosity and mechanical properties of porous ceramic composite
materials. In: Reference Module in Materials Science and Materials
Engineering. Elsevier.

Bifulco A, Parida D, Salmeia KA, et al (2020) Fire and mechanical
properties of DGEBA-based epoxy resin cured with a cycloaliphatic
hardener: Combined action of silica, melamine and DOPO-derivative.
Materials & Design 193:108862.

Patel PS, Shepherd DE, Hukins DW (2008) Compressive properties of
commercially available polyurethane foams as mechanical models for
osteoporotic human cancellous bone. BMC Musculoskelet Disord 9.

Yang S-Y (2018)

characterization, and applications. Elsevier, Amsterdam, Netherlands.

Advanced polyimide materials: Synthesis,
Butler S, Fotsing ER, Ross A (2019) Acoustic thermoset open-cell foams
produced by particulate leaching process. J Mater Sci 54:12553-12572.
Sonnier R, Vahabi H, Ferry L, Lopez-Cuesta J-M (2012) Pyrolysis-
combustion flow calorimetry: A powerful tool to evaluate the flame
retardancy of polymers. In: Morgan AB, Wilkie CA, Nelson GL (eds) Fire
and Polymers VI: New Advances in Flame Retardant Chemistry and
Science. American Chemical Society, Washington, DC, pp 361-390.
(2020) ASTM D7309-20: Standard test

flammability characteristics of plastics and other solid materials using

method for determining
microscale combustion calorimetry.

Lyon RE, Walters RN (2002) A microscale combustion calorimeter.
Federal Aviation Administration, Office of Aviation Research Washington,
DC, U.S.

Wu H, Sulkis M, Driver J, et al (2018) Multi-functional ULTEM™1010
composite filaments for additive manufacturing using Fused Filament
Fabrication (FFF). Additive Manufacturing 24:298-306.

Butnaru I, Bruma M, Gaan S (2017) Phosphine oxide based polyimides:
structure-property relationships. RSC Advances 7:50508-50518.

Schartel B, Wilkie CA, Camino G (2016) Recommendations on the
scientific approach to polymer flame retardancy: Part 1—Scientific terms
and methods. Journal of Fire Sciences 34:447-467.

JOMC | 14



