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Nghién ciru khé ning chuyén pha ciia hac in than d4
va san pham cacbon hoa tir chiing dudi tac dung cua
nhiét, ing dung trong che tao vat liéu cacbon to hop
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Tom tit:

Bang phuong phap phan tich nhiét quét vi sai (DSC) va phén tich nhiét trong lugng (TGA) trong mdi trudng khi tro' cho
thay hac in chay mém ¢ 107,8°C; qua trinh phan huay chit nay chia lam 3 giai doan chinh twong {ng vo6i 3 pha a, B, v
hi¢u suit cachon héa dat 47% & 800°C. Miu hic in sau cacbon héa va xir ly lan lugt & cac nhiét d§ 2.200 va 2.700°C dugre
khio sat sw chuyén doi ciu tric tinh thé bing phuong phap nhiéu xa tia X (XRD). Thay déi trén gian dd XRD cho thy,
sw chuyén pha mdt cach rd rét tir trang thai vo dinh hinh ciia cacbon sang ciu triic tinh thé graphit trat tw cao sau khi xir
1y 6 2.200 va 2.700°C. Pp sach ciia mau hic in va ciu tric vat liéu CCC (compozit cacbon-cacbon) sau khi xir Iy nhiét tai
2.700°C dwoc khio sat bang phwong phap chup anh kinh hién vi dién tir quét (SEM) va phd tén xa ning lwong electron
(EDX). Sau xir Iy nhiét, thanh phén C ciia miu dat dén hon 99,5%, cacbon sau qua trinh graphit héa da lién két lai voi

nhau va lién két véi vai cacbon thanh khdi vat liéu graphit cé sy sip xép mang tinh thé mét cach cé trat tu.

Tir khéa: cacbon hoa, compozit cacbon - cacbon, graphit héa, hic in than da.

Chi sé phin loai: 2.4

Dat van de

Trong diéu kién nhu cu nang lugng, nguyén lidu ngay cang
tang cua cac nganh cong nghiép, viéc tich hop str dung than da va
cac ché pham tir ching dé tao ra ning luong nhiét, dién, céc san
pham hoa hoc cung cac vat li¢u co gia tri cao ngay cang dugc chi y
va tré nén quan trong, trong d6 phai ké dén hic in than d4 [1]. Hac
in than d4 1a hé phtc tap ciia cdc hydrocacbon va hop chat cacbon
di vong c6 tinh thom, thanh phan, tinh chat va cdu tric phan tir
khac nhau [2, 3]. Héc in than da dang dwgc tmg dung trong nhiéu
linh vuc nhu: san xuét dién cuec, hang khong vil try, hat nhan, hoa
hoc... v6i vai tro 1a thanh phan két dinh, hay chét dién day nho
nhiing déc tinh vu viét cua né nhu: do cacbon hoa cao, sy két hop
giita kha nang tao cacbon va d6 nhét thap [4-6].

Trong ché tao vat liéu cacbon to hop noi chung, vat ligu CCC
néi riéng, hic in phai trai qua cdc qua trinh xir Iy nhiét phic tap
voi cac giai doan tir thip dén cao: 6xy hoa, cacbon hoa, graphit
hoa dé thu dugc cacbon & dang tinh thé hoan thién cdu tric cao va
dam bao do sach cua vt li¢u [7, 8]. Qua trinh xt Iy nhiét quyét
dinh dén tinh chat cia vat liéu nhu khbi luong riéng, do xép, do
dong nhét, do ctng [9], tir 46 quyét dinh dén kha ning lam vidc
trong nhimg diu kién khic nghiét ma nhimg tmg dung cua vat
liéu yéu cau: chiu nhiét do cao, chiu sdc¢ nhiét, chiu mai mon tét.
Trudce ddy, do han ché ciia trang thiét bj ma nhing nghién ctru di
sdu vé cac qua trinh ndy con han ché, ddc biét 1a su chinh xédc ¢
nhiing vung nhiét d§ cao. Hi¢n nay, viéc ché tao duoc nhiing h¢
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thong 16 1én dén 3.000°C véi d0 sai léch khong qua 3°C mo ra co
hoi nghién ctru ddy di hon vé cac qua trinh nay. Nghién ciru nay
tap trung dén sy chuyén pha tir mesophase cua héc in trong cac
khoang nhiét do tuong tmg véi nhimg qué trinh trong ché tao CCC
(cacbon hoa, graphit hoa), nhim dura ra quy trinh ché tao thich hop
va it ton kém nhét.

Vat liéu va phuong phap nghién cuu
Héa chit

Hoa chat st dung dé tong hop vat lidu gdm: hic in than da
(Trung Quéc), khoi luong riéng 1,15+1,25 g/em?; nhiét do chay
mém 108+115°C, toluene khong hoa tan 28+32%, ham luong
cacbon hoa >45%, ham luong chét dé bay hoi 45+52%; axeton,
toluen loai PA (Xilong, Trung Quéc), do tinh khiét >99,8%; etanol
(Xilong, Trung Qudc), do tinh khiét >99,7%.

Vai cacbon mdodun dan hdi cao Culon-500 (Kymon-500) theo
CTO 75969440-007-2009 (Nga); nhya phenolic dang novolac
(Trung Quoc), dd sach >99%, do am <1%.

Khdo sdt tinh chit ciia vit liéu

Hic in truée khi mang di tién hanh cac khao sat duoc nghién
nho, hoa tan chon loc trong dung méi axeton, phan khong tan dugc
thu lai va hoa tan tiép trong toluen. Loc liy phan tan c can va siy
kho, sau d6 dugc 0xy hoa ¢ nhiét do 350°C trong diéu kién suc
khong khi 5h lién tuc véi luu lugng 2 lit/phat dé lam ting nhiét do
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Abstract:

Using differential scanning calorimetry and
thermogravimetric analysis showed the marking temperature
of coal tar pitch is 107.8°C. The thermal decomposition of
the pitch is divided into three main stages, corresponding
to three phases o, B, v, with a coke yield of 47% at 800°C.
The change in the XRD diagram showed a clear transition
from the amorphous state of carbon to the highly ordered
crystalline structure of graphite after treatment at 2,200 and
2,700°C. The purity of the pitch sample and the structure
of the CCC carbon-carbon composite material after heat
treatment at 2,700°C were studied using scanning electron
microscopy and energy-dispersive X-ray spectroscopy
methods. The results showed that after heat treatment, the
C content in the sample reached more than 99.5%, and the
coke residues after graphitization were bound and connected
to the carbon fabric into a mass of graphite material.

Keywords: carbonisation, carbon-carbon composite, coal tar,
graphitization.

Classification number: 2.4

chay mém cua hac in. Cudi cung lam ngudi ty nhién, nghién nho,
can dinh lugng cho céac thi nghiém tiép theo.

Mau CCC dugc ché tao tir vai cacbon va nhua novolac trai qua
cac qua trinh ép nong tao hinh, cacbon héa, sau d6 dugc dung lam
phoi trung gian dé tham héc in va tién hanh céc budc xir 1y nhiét.
Qua trinh tham hac in va xir Iy nhiét dugc lp lai khong dudi 4 lan.

DSC thyc hién trén may Setaram (Phap) tai Vién Khoa hoc Vat
liéu véi cac diéu kién: chén dung méu platin; mau so sanh: oxit
nhom, moi truong nito, toc do tang nhié¢t 10 K/phut, nhiét do khao
sat 25-700°C.

TGA thyc hién trén mdy Setaram trong méi trudng khi nito dén
800°C, toc do nang nhiét 10 K/phut.

TAP CHI

H:é:to;:li o Nam 63(11DB) 11.2021

Khoa hoc Ky thuat va Céng nghé

Mau hic in dwgc xir 1y ¢ nhiét do cao (2.200 va 2.700°C) trong
30 phut trén 10 graphit hoa chuyén dung cua Hang Xerion (D)
v6i kha ning graphit héa dén 3.000°C, sai s +3°C tai Trung tim
Phat trién cong ngh¢ cao, Vién Han [am KH&CN Viét Nam.

Su chuyén pha ctia san pham cacbon hoa thu duoc tir qua trinh
cacbon hoa dudi tdc dung cua nhiét 4o dugc nghién ciu béng
phuong phap XRD chup trén thiét bi X’Pert (Ha Lan) tai Vién Hoa
hoc - Vat liéu, Vién Khoa hoc va Cong ngh¢ Quan sy.

Céu tric cta vt liéu va thanh phan nguyén t6 dugc khao sat
bang phuong phap SEM-EDX trén thiét bi Jeol 6610A (Nhat Ban)
tai Vién Hoa hoc - Vat liéu, Vién Khoa hoc va Cong nghé¢ Quan su.

Keét qua va thao luan

Nghién ciru sw chuyén pha ciia hic in than dd dudi tic dung
nhigt

Trong quy trinh ché tao cac loai vat liéu t6 hop véi nén héc in
hay héc in vé6i vai trd chat két dinh, viéc diéu khién nhiét do dong
vai trd v ciing quan trong, dic biét 1a trong qué trinh thdm hic in
1ong va cacbon hoa. Viée xac dinh chinh xéc nhiét o chuyén pha
cua hic in cho phép thiét 1ap ché d6 nang nhiét trong cac qua trinh
trén dé tranh hién tuong hac in bj chay khoi khdi vét lidu, 1am giam
hiéu suit nang ty trong, déng thoi nang cao do sach cua vat liéu.
Két qua khdo sat mau hic in bing DSC duoc thé hién ¢ hinh 1.
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Hinh 1. Gian dé DSC ctia mau hic in than da.

Hiéu suét cacbon hoa ctia hic in da duoc khéo sat bang TGA.
Két qua phan tich nhiét cia mau hac in dén 800°C, toc do nang
nhiét 20°C/phut trong moi truong khi nito dugc thé hién ¢ hinh 2.

Quan sat gian d6 DSC nhan thiy, tai 70 va 107,8°C xuét hién
hai peak cuc dai, dac trung cho qua trinh thu nhiét ¢ giai doan
dau cua viée xir 1y nhiét héc in, 1an luot tuong (ing véi nhiét do
dac trung ctia qua trinh thoét hoi nude cing mét s6 hydrocacbon
d& bay hoi va nhiét d¢ bit dau xay ra qua trinh chuyén pha cua
hic in tir rén sang 1ong, hay chinh Ia nhiét d6 chay mém ciia hac
in. Khi tang nhiét do 1én, xuét hién céc peak tai 378,97, 508,08,
514,71, 523,22, 533,97°C x4y ra cac qua trinh toa nhiét, do cac
lién két trong nhimg phan tir 16n ciia hic in bi pha huy hinh
thanh nhig phan tir nho hon, dong thoi giai phong nang luong,
day ciing la dic trung cua phan tng phan hiy nhiét hic in.
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Hinh 2. Gian d6 TGA cta mau héc in than da.
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Két qua hinh 2 cho thdy, hiéu sudt cacbon héa ciia hic in
twong doi cao (dat gan 47% & 800°C). Qua trinh phan huy hac in
chia 1am 3 giai doan, kha nang cao twong ung vdi sy phan huy
thanh phan ciia chat nay theo 3 pha a, B, y, 14 thanh phan c4u tao
dac trung cua hic in than d4 [10]. Su giam khdi luong bt dau
xuét hién tir khoang 230°C, tuy nhién giai doan nay sy hut khoi
con thép, chu yéu 1a do bay hoi mot sé thanh phin hydrocacbon
khéi lurong phén tir thap. Khéi lvong miu giam manh tir khoang
260°C va dat murc cao nhat & 453°C. Tr 600°C, d6 hut khéi cua
mau giam rd rét, khdi luong mau gan nhu khong doi.

Tir két qua thu duoc cia DSC va TGA cho thdy, hic in phan
hity manh nhat trong khoang 350-520°C, vi vdy trong qué trinh
cacbon hoa can nang nhiét that chim & giai doan nay dé phan
(g phan hiy xay ra trié¢t dé hon. Sau 600°C, toc do phan hiy
gidm rd rét, tuy nhién day 1a giai doan quan trong dé dat duoc
vat liéu c6 ham lugng cacbon cao (hay d¢ sach cao). Do vay,
trong qua trinh cacbon hoa can phai giit dang nhiét & giai doan
nhiét cao khoang 800-950°C trong thoi gian dai (6-8 gio) cho
cac thanh phan trong nén hic in phan hiry hoan toan.

Khio sdt tinh chit sin phim ciia qud trinh phén hiiy nhigt
héc in

Mau hic in sau khi cacbon hoa duoc tién hanh nghién ciru
cau tric va thanh phan bang phuong phap XRD va EDX. Két
qua dugc thé hién 6 hinh 3.

Két qua hinh 3A cho thay, peak thu dwgc c6 dai tring véi dai
cia cacbon. Tuy nhién, peak c6 cuong do thap, duong peak nhiéu,
dinh t va chan peak rong, chimg to bot cacbon thu dugc ton tai &
trang thai v dinh hinh, chua co céu tric tinh thé graphit.

Vit liéu compozit trén co s& graphit va nén cacbon tir hic in
phai dat dugc yéu cau vé ciu trac co do trat tu tinh thé cao. Do
vay, bot cacbon sau khi cacbon hoa tiép tuc dirgc trai qua qua trinh
xtr 1y nhiét & 2.200°C va theo ddi sy thay ddi cdu triic pha vat liéu
(hinh 3B). So sanh gian d6 hinh 3A va 3B cho thdy, dai peak dic
trung cho graphit hinh thanh r6 rét voi cuong dg cao, chan peak
thu hep lai va dinh nhon twong tmg vdi su chuyén pha mot cach
10 1ét tr trang thai vo dinh hinh ctia cacbon sang cu trac tinh thé
graphit trét tu cao.

Khi ting nhiét d6 1én 2.700°C, trat ty tinh thé graphit hau nhu
khong thay ddi so véi tai 2.200°C, thé hién ¢ hinh dang va cuong
6 peak gan nhu twong tu (hinh 3C). Nhu vay, xtr Iy nhiét s& giup
cho nén cacbon thu dugc dan dat dén céu trac tinh thé hoan thién.
Tuy nhién aé chuyén hoa cdu tric clia bot cacbon thu dugce c6 thé
chi can xir ly nhiét dén 2.200°C gilp tranh lang phi nang lugng.

Thanh phén ciia hic in sau qua trinh graphit hoa ciing dugc xac
dinh lai bang phuong phap EDX. D¢ sach ciia vt liéu dat dugc
dén murc d9 rat cao (99,5% C) va gan nhw khong con céc loai tap
chat, cho thay qua trinh cacbon hoa va graphit hoa da loai bo dugc
mot cach hiéu qua cdc nguyén t6 khac ngoai C (hinh 4).
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Hinh 4. Thanh phan mau hic in sau graphit héa.

Nghién citu, phén tich cdu triic ciia vt lidu trwée va sau khi
xit Iy nhigt

Két qua phan tich anh SEM cau tric ctia cac mau phoi CCC
ban dau dugc ché tao dang cu trac 2D sau qua trinh cacbon hoa
thé hién ¢ hinh 5. Anh SEM cho thay, miu phoi CCC cua dang ciu
tric 2D c6 cac 16 xdp 16n, hinh thanh khi nhya novolac phan huy
trong qud trinh cacbon hoa, d rong cua cac 16 x0p nay dao dong tir
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Hinh 3. Gian d6 XRD mAu héc in sau khi cacbon héa & 950°C (A), 2.200°C (B) va 2.700°C (C).
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300 dén 600 pm. Khdi nhya nén da bao phi déu va kin céc bo soi,
cho thay qua trinh ché tao phdi ban dau da dat dugc cau triic 2D
6n dinh. Céu tric mau s& anh huong dén kha ning thim hac in va
ham lugng cacbon giit lai sau cacbon héa trong khéi vat liéu CCC.

T00pm
0000 06 Oct 2017

Trwée khi xtr ly nhiét Sau graphit héa 2.700°C

Hinh 6. Anh SEM cta mau compozit cacbon-héc in qua cac giai
doan.

Két qua hinh 6 cho thdy, mdu CCC sau cac chu ky tham cac 15
x0p ho di dugc dién diy cacbon tir hic in cacbon hoa. Tuy nhién,
v6i mau chua graphit hoa phan c6t soi, phan nén chua co lién két
10 rang va vat liéu ciing chua hinh thanh két cu dong nhat. Hinh
6B cho thdy, cacbon sau qué trinh graphit hoa da lién két lai voi
nhau va lién két v6i vai cacbon thanh khdi vt liéu graphit co su
sip xép mang tinh thé mot cach c6 trat tu, vét liéu di dat duoc do
ddng nhat. Phan tich phd XRD ciia mau hic in ¢ bén trén ciing cho
théy, hic in thdm vao vét liéu CCC c6 kha nang chuyén cu tric
graphit rat tt, ¢ tinh thé graphit cao.
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Keét luan

Két qua nghién ctru cho thdy, sw chuyén pha cia hic in tuong
(g v6i timg giai doan nhiét do nhat dinh: qué trinh cacbon héa
dién ra manh nhat trong khodng 350-550°C, hi¢u suat dat 47%, tao
thanh san phém cacbon ¢ trang thai v6 dinh hinh; khi nang nhiét
do xu ly dén 2.200 va 2.700°C nhan théy, su chuyén pha mot cach
10 1€t tr trang thai vo dinh hinh ctia cacbon sang cdu truc tinh thé
graphit trat ty cao, df”)ng thoi san phém dat d sach dén trén 99,5%.
Nghién ciru cdu triic cta vat liéu CCC v6i nén hac in cho thay,
hic in dién rat tt vao céc 16 xOp cua vat liéu va hinh thanh lién
két chic chan vai khung soi cacbon sau qua trinh graphit hoa ¢
nhiét d6 cao nho kha nang chuyén pha ciu triic sang dang tinh thé
graphit rat tot. Kha nang chuyén pha linh dong nhu vy cho thiy
tiém nang img dung cao cta hac in trong ché tao vét liéu CCC noi
riéng, vat liéu cacbon t6 hop noi chung.
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