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ABSTRACT

In this study, carbon ceramics were fabricated from cashew nut shell
waste and phenolic resin. The used phenolic resin in the research was
also made from cashew nut shell waste by liquefied wood methods. The
sintered degree of carbon ceramics was assessed through physical
properties such as bending strength, porosity, and density. The
functional groups, phases and microstructure of carbon ceramics were
determined by the Fourier transform infrared spectroscopy (FTIR), X-
ray diffraction (XRD) and scanning electron microscope (SEM) methods.
The results indicated that it was possible to sinter to form carbon
ceramics at a low temperature (900°C). Carbon ceramics which were
sintered at 900°C had a bending strength of 65.29 MPa, a porosity of
24.17%, and a density of 1.2 g/cm?. The results of phase composition
analysis showed that the main phase component of carbon ceramics
was amorphous carbon. In addition, phase also appeared the
cristobalite mineral. The results of microstructure analysis showed that
the carbon ceramics were sintered. However, pores still appeared in the
ceramic structure.

Gidi thiéu chung

khd nang san xuét va gia thanh cla gém cacbon. Pay
cling la mét trong nhiing nguyén nhan lam cac ung

GOm cacbon la loai gébm da dugc nghién cliiu phét
trién tUr nhing nam 1970 [1. GEm cacbon thong
thudng dudc téng hop bang cach nung két khéi
cacbon vo dinh hinh hodc cacbon graphite & nhiét do
cao. Vd&i thanh phan chinh la nguyén t& cacbon, gém
cacbon thudng dugc Ung dung lam vat liéu chiu nhiét
dd cao [2], vat liéu gia cudng [3], vat liéu lam dién cuc
[4], vat liéu y sinh [5], ...

Trong céac nghién cu trudc do, vat lieu gém cacbon
thusng dugc nung két khéi & nhiét dé rat cao (trén
1500°C) [6-8]. Nhiét d6 nung cao anh hudng I6n dén

dung clia gébm cacbon khé dén réng réi ngudi tiéu
dung.

DE giai quyét van dé nhiét dé nung, ndm 1994 nhém
nghién cltu cla gido su Okabe dd nghién cdu thanh
cong gém cacbon & nhiét do thap [9]. Pac diém cla
loai gébm cacbon nay la dugc san xudt tU ngudn
nguyén liéu géc gb va éng cling dat tén cho loai vat
liéu nay la gébm gd (woodceramics). G6m gd 1a gém
cacbon dudc ché tao bang cach nung két khéi ngudn
nguyén liéu gbc go két hop vai mot loai nhya nhiét
déo lam chét két dinh. Trong qué trinh nung, nguyén
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litu g6c gb va nhua nhiét déo s& phan huy nhiét tao
cacbon, cacbon mdi hinh thanh sé lién két véi nhau tao
thanh san phdm gém cacbon & nhiét dé trén 700°C.
Nh& nhiét dé nung thép, gém cacbon st dung nguyén
liéu gb hoan toan cé thé dugc ché tao dé dang vdi chi
phi san xudt thap. Vi ban chat la vat liéu cacbon nén
gém gb cling co thé dugc Uing dung lam vét liéu dién
tU [10], vat liéu chiu ma sat [11], vat chén song dién tu
[12], véat liéu y sinh [13], cam bién ap suét [14], ...

Trong nghién cliu nay, nhdm tac gid sé tién hanh ché
tao vat liéu gém cacbon tU ngudn nguyén liéu ba thai
vo diéu vdi chét két dinh 1a nhua phenolic. Ba thai vo
diéu la mét phé phdm clia nganh san xudt hat diéu vai
luong thai ra hang nam trén 240.000 tan. Vi muc tiéu
xU ly nhiéu nhat chat thai ba diéu, nhua phenolic trong
nghién clu cling dugc ché tao tU chinh ba thai vo diéu
theo cong nghé nhua hoa gb [15].

Thuc nghiém va phuang phap nghién cdu

B& thai vo diéu si dung trong nghién cliu dugc lay tu
Binh Phudc — Viét Nam. B3 thai vé diéu dugc loai bo
chat thai, lam sach va nghién thanh bét. Kich thudc hat
trung binh cla boét ba diéu sau nghién dugc xéac dinh
bang phuong phap laser la 67,6 um (LA-920 Horiba).
Thanh phan hoa dugc xéc dinh bang phuong phép
phd ti 1é khéi lugng dong vi (Flash 2000 Thermo — Cao
Pdng Tai Chinh Hai Quang) cho thdy b3 diéu c6 ham
lugng C chiém 53,59%, N chiém 9,54%, H chiém 8,84%
va O chiém 27,28% (theo khéi lugng).

Nhua phenolic cling dugc ché tao tU ba thai vo diéu
theo cong nghé nhua hoa go [16]. Theo do, bét ba thai
vo diéu dugc tron vdi phenol theo ti 1é khéi lugng la
2/1 va dugc cho phan Ung & 150°C trong 180 phut.
Ngoai ra, dé tao thanh nhua nhiét déo, qué trinh tao
nhua cling st dung thém chat xdc tac 1a axit sulphuric.

B3 thai vo diéu va nhua phenolic dugc trén vdéi nhau
theo cac ti lé khdi lugng ba thai/ nhua phenolic la
1/0,3, 1/0,45, 1/0,6, 1/0,75. HOn hagp sau trén dugc ép
nong tao hinh & nhiét dé 180°C dudi ap luc ép 2MPa.
Mau sau tao hinh c6 kich thudc 10%20*80mm dugc
nung & 900°C trong moi trudng khi CO2 vdi toc do
nang nhiét 5°C/phut [17] dé tao gém cacbon. Mau sau
nung dugc xac dinh cudng dé udn theo tiéu chudn
TCVN 6415-4:2016 bdng phucng phap uén ba diém
trén thiét bi MOR/3ES. Khéi lugng thé tich va dé x&p
dudc xac dinh theo tiéu chudn ASTMC830-00 trén thiét
bi ARKIS303. Thanh phan nhém chic dugc xéc dinh
bang phuong phap phé hdéng ngoai bién déi Fourier
(FTIR) trén thiét bj Nicolet 6700 - Thermo. Thanh phan
pha dudc xac dinh bang phuong phap nhiéu xa tia X

(XRD) trén thiét bi D2 Pharser - Bruker. Vi cdu tric
dugc quan sat bang kinh hién vi dién t& quét (SEM)
trén thiét bi JSM-I1T200 - Jeol.

Két qua va thao luan
Cudng dé udn, dé x8p va khéi lugng thé tich

Cudng do udn, dé xbp, khdi lugng thé tich cla cac
mau gém cacbon tUr b3 thai vo diéu & cac thanh phan
phdi liéu khac nhau dugc trinh bay & hinh 1va hinh 2.
K&t qua 1a gia tri trung binh clia ba mau do.
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Hinh 1: Cudng dé uén cac mau

Cudng d6 ubn, do xGp va khéi lugng thé tich 1a nhiing
tinh chét vat ly co thé dung dé danh gia do két khéi
clia san phdm gém tao thanh. Khi do két khéi tang, do
bén udn, khéi lugng thé tich sé& ting va dé xbp sé
giam. Két qua trén hinh 1 va hinh 2 cho théy khi tang
ham luong nhya phenolic, cudng dé clia mau gém
cacbon s& tang. D6 két khéi tang tu ti 1& 1/0,3 dén
1/0,6. Khi tdng lugng nhua phenolic trong phdi liéy,
nhua phenolic s& hinh thanh pha long 18p cac 16 x6p
gilp tang cudng dé cho mau gém. Tuy nhién khi ti 1&
nhua phenolic s dung qua nhiéu (1/0,75), pha long
hinh thanh can trd qué trinh thoat khi lam cudng do
clia mau gém cacbon giam manh.

Trong cac nghién clu trudc, cac nhém nghién clru da
chi ra rang nhua phenolic déng vai trd quan trong
trong viéc két khéi gébm cacbon & nhiét dé thap [18,
19]. Ngoai ra, khi nung, nhua phenolic s& phan huy
nhiét tao cacbon cling, gd phan huy nhiét tao cacbon
mém [20, 21]. Trong do, cacbon cling dong vai tro la
pha nén lién két cac phan ti cacbon lai vdi nhau tao
nén dé két khéi cho gém cacbon [20, 21]. Vi vay, hoan
toan c6 thé tao gém cacbon & nhiét dé thadp hon
1500°C khi st dung nhua phenolic trong nguyén liéu
nhu la mét chét lién két. Tuy nhién, néu nhua phenolic
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s& dung qué nhiéu s& can trg qua trinh thoat khi trong
giai doan phan huy nhiét, d6 x6p cliia mau tang dan
dén do két khdi gidm.
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Ti & ba diéu/ nhua phenolic (.kl)
Hinh 2: D6 x8p va khéi lugng thé tich

TU két qua xéc dinh cudng dé udn, khéi lugng thé tich,
dd x6p cac mau gém cacbon tr ba thai vo diéu cho
thdy thanh phén ti 1é ba diéu/ nhua phenolic la 1/0,6
cho d6 két khéi tét nhat trong cac mau khao sat. Mau
1/0,6 co cudng do udn dat 65,29 MPa, khdi lugng thé
tich dat 1,2 g/cm? va do x8p dat 24,17%. Vi vay, mau
1/0,6 s& dudc chon dé khdo sat thanh phan nhém
chic, thanh phén pha va vi céu tric théng qua céc
phuang phap FTIR, XRD va SEM.

Thanh phan nhém chic

Thanh phan nhom chic ctia mau 1/0,6 dudc trinh bay
& hinh 3.

Cudng do (tuyét doi)
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Hinh 3: Ph& FTIR méu 1/0,6

Két qua phd FTIR trén hinh 3 cho thdy trong mau gém
cacbon ¢ tao thanh & 900°C xuat hién cac nhdm chiic
-OH tai vi trf 3100 - 3600cm™ [22], nhém chic CH, tai
vi trf 2853 - 2925cm™ [23], nhédm chic C-H tai vi trf
1516cm™ [23], nhdm chiic CHa tai vi trf 1468cm™ [24],
nhém chdc CHs tai vi tri 1384cm™ [24], nhém chic C-

O-C tai vi trf 1279cm™ [25], nhém C-O clia phenol tai vi
tri 1114cm™ [26] va vong thom tai vi tri 874 - 881cm’
[26]. Cac lién két trén la lién két dac trung clia cacbon
cling va cacbon mém hinh thanh sau qué trinh phan
huy nhiét ctia nhua phenolic va ba thai vo diéu [20, 21].

TU thanh phan cac nhém chiic cho thdy, trong mau
gém cacbon khong chi cé cac lién két cacbon vdi
cacbon ma con c¢é su xuat hién cla cac lién két cacbon
véi hydro, cacbon vdi oxy. Khéng nhu gém cacbon tu
nguyén liéu graphite, gébm cacbon tU nguyén liéu géc
gd thanh phan van ton tai cac lién két C-O, C-O-C, C-
H. Nhitng lién két nay hinh thanh do qué trinh phan
huy nhiét khdng hoan toan cac thanh phan cua gé [17]
va nhya phenolic [21]. Trong d6, cac lién két cadu oxy
(C-O, C-0-C) gbp phéan lién két cac phan t& cacbon
gilp tao cudng dé cho san phdm gém cacbon dugc
t6ng hap & nhiét dé thap [27].

Thanh phan pha

Thanh phan pha clia mau gém cacbon dugc xac dinh
bang phuong phép nhiéu xa tia X. Két qua phan tich
gian do XRD dugc trinh bay & hinh 4.

Cr Cr - Cristobalite

Cudng do (tuyét dai)

1 " 1 1 " 1 rt 1 " 1
10 20 30 40 50 60
2 theta (do)

Hinh 4: Gian d& XRD mau 1/0,6

K&t qué phan tich thanh phan pha cho thady pha chd
yéu clia gébm cacbon la pha vo dinh hinh. Do nhiét do
nung két khéi thap (900°C), cac phan t& C hinh thanh
sau qua trinh phan huy nhiét chua thé sap xép theo
trgt tu nén cacbon tén tai chu yéu & dang vo dinh
hinh. Tuy nhién, trén gidn d& XRD van thdy su xuét
hién clia hai vung dinh dac trung cho c4u tric graphite
la (002) va (101). Binh (002) déc trung cho khodng cach
cla cac I8p graphite va dinh (101) dac trung cho su
phét trién cdu trac trén mot mat graphite. Vai tinh thé
graphite hoan chinh, dinh (002) tai vi tri 26 26,5° va
dinh (107) tai vi trf 268 41° c6 dang dinh nhon [28]. Vdi
phé hinh 4 cho thay dinh (002) va (101) & dang dinh tU,
https://doi.org/10.51316/jca.2021.133
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két qua cho thdy & nhiét do nung 900°C van hinh
thanh dang tinh thé graphite nhung cac tinh thé nay
co kich thudc bé. Hay noi cach khac, gém cacbon téng
hop tU ba thai vo diéu cd su ton tai clia cac vung vi
tinh thé trén nén vo dinh hinh.

Ngoai su xuat hién cla cacbon vé dinh hinh, trén gian
dé XRD con xudt hién cac dinh dac trung cho SiO2
dang thu hinh cristobalite tai vi tri 26 la 21,5°, 28,5°, 55°
[29]. Do trong qua trinh sinh trudng va phat trién cla
minh, cay diéu sé hit cac khoang chét trong dét théng
qua ré. Cac khoang chat nay sé ton tai & nhing bo
phan khac nhau clda cdy. Khi nung tao gém cacbon,
cac thanh phén khoang nay sé khong mét di ma ton
tai trong san phdm. Trong trudng hop nay, khoang
chat thay dugc trén gian do 1a SiOz. & nhiét dé cao,
SiO2 dudi tac dung cla cac chat khoang hoa trong
thanh phan b& thai vo diéu sé bién déi sang dang tinh
thé cristobalite [30]. Déy la nguyén nhan xudt hién céc
dinh cristobalite trén gidn d& XRD clia g&m cacbon.

Vi cdu truc

Anh quan sét vi cau tric clia mau 1/0,6 dudc trinh bay
& hinh 5.

Hinh 5: Anh vi c4u trdc mau 1/0,6

TU anh SEM vd&i dé phong dai 300 1an vdi thudc do 50
um cho thay khéng con xuét hién cac hat phdi liéu rdi
rac ma cac hat nay da két lai thanh mét khéi. Két qua
cho thdy mau gém cacbon tir ba thai vo diéu da két
khéi tai nhiét do nung 900°C. Anh SEM véi dé phéng
dai 300 1an cling cho thdy cac 16 x8p phan bé trong
cau trdc. Quan sat anh SEM & dé phong dai 1000 fan
cho thdy cac 16 x6p nay cb dang ciu tric tuong tu
nhau, cé dudng kinh trong khoang 5 — 20 um. Cac 16
x8p nay chinh 13 cac 16 x8p trong cu tric ban dau cua
g6 [31]. Trong giai doan dau cta qué trinh nung, nhua
phenolic chdy 1édng ra. Tuy nhién do nhua ndng chay
c6d dd nhét cao nén khong thé xen vao cac 16 xEp
trong cau tric clia gb. Vi vay, cac 16 x8p nay van con
lai trong cdu trdc sau qua trinh nung.

Két luén

Trong nghién ctu nay, nhom tac gia dé ché tao thanh
cdng gbém cachon tU ba thai vo diéu va nhua phenolic.
DE t&i uu hod qua trinh xir ly ba thai vo diéu, nhua
phenolic cling dudc ché tao tU ba thai vo diéu theo
cébng nghé nhua hoa gb. Nh& sy c6 mat cla nhya
phenolic, gém cacbon d& c6 thé két khéi & nhiét do
900°C so vdi trén 1500°C nhu cac loai gém cacbon
thong thudng khéac. GEm cacbon tao thanh c¢d cudng
dd udn dat 65,29 MPa, khéi luong riéng dat 1,2 g/m?
va dé xGp dat 24,17%. Phan tich vi cu tridc bang FTIR,
XRD cho thdy ngoai cristobalite thi thanh phan pha
chinh cia gém cacbon la cacbon vo dinh hinh. Cacbon
v6 dinh hinh tén tai dudi dang cacbon cing va cacbon
mém. Trong do, cacbon ciing vdi céc lién két oxy cau
(C-O, C-0-Q) lién két cac phén tu cacbon la mét
trong nhiing nguyén nhéan giip gém cacbon c6 thé
két khéi & nhiét d6 thdp. Quan sét vi cdu tric bang
SEM cho thay céc phan ti da lién két lai véi nhau tao
nén do két khéi cho gém cacbon. Tuy nhién trong cau
tric ciia gém cacbon van con ton tai cac 16 x8p, cac 16
x6p nay la cac 16 trong cau tric cla b3 thai vo diéu
con lai sau qué trinh phan huy nhiét.
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