Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Cong ngh¢, Tap 32, S 4 (2016) 244-252

Anh huong qu trinh xir 1y nhiét dén cu tric va tinh chat
compozit trén co s¢ bot graphit, sgi cacbon va nhya phenolic

Vii Minh Thanh', Ng6 Minh Tién', Poan Tuén Anh', Pham Tuan Anhl,
Ta Thi Thuy Hang?, Nguyen Tuéan Hong’, P4 Th1 Mai Huong®,
Nguyén Thé Hiru®, Lé Vian Thu®’

IVi_én Hoa hoc-Vat liéu, Vién Khoa hoc va Cong nghé Quan sy
’Khoa Hod hoc, Triecong Pai hoc Khoa hoc, Dai hoc Thdi Nguyén
3Tmng tém Phat trién Cong nghé cao, Vién Han lam Khoa hoc va Cong nghé Viét Nam
4Trwdng Dai hoc Phong chdy Chita chdy, Bo Cong an
’Khoa Cong nghé Hod hoc, Truong Pai hoc Cong nghiép Ha Noi
6Vién Ky thudt Hod hoc, Sinh hoc va Tai liéu nghiép vu, B6 Céng an

Nhan ngay 06 thang 6 nam 2016
Chinh stra ngay 14 thang 7 nam 2016; Chap nhén dang ngay 01 thdng 9 ndm 2016

Tém tat

: Trong cong nghé ché tao vat liéu compozit cacbon-cacbon, qué trinh xur 1y nhiét doéng

vai trd rat quan trong, quyét dinh dén ciu triic, sy 6n dinh t6 chirc cing nhu kha néng chiu nhiét
ctia vat lidu. Bai bdo nay khao sat anh huong ciia qua trinh xir 1y nhiét dén ciu triic va tinh chit ctia
compozit trén co s¢ bot graphit, s¢i cacbon va nhya phenolic. Cdc phuong phédp nghién ctru dugc
sir dung bao gdbm nhidu xa tia ronghen (X - ray), kinh hién vi dién tor quét phdt xa trudng
(FeSEM), xéc dinh cuong do nén, mat do. Két qua cho thiy qud trinh xir 1y nhiét gigp 6n dinh tinh
chit, khic phuc duoc hién tugng phd v& ciu tric, ting tinh chit co ly cua vat liéu composite
carbon-carbon. Két qua xtr Iy nhiét tai nhiét d6 2100°C, mdi truong khi argon, thoi gian 2h sau 4
chu ky cho vit liéu compozit cacbon - cacbon ¢6 céu tric 6n dinh dang graphit va tinh chat co ly
tot ty trong biéu kién (Pox) 1 J717 g/cm do xop tong (&g ) 23,892%; dO xOp h& (ens) 6,203%; do

XOp kin (gy) 17,689%; @0 nén nén 39,7 MPa.

Tir khéa: Compozit cacbon - cacbon, graphit hod, tinh chat compozit.

1. it véan dé

Vit liéu compozit cacbon-cacbon (CCC) la
vat liéu tién tién va giit vai trd then chét trong
cudc cich mang vé vat liéu méi. Véi wu diém
16n nhat cia CCC 1a do bén nhiét cao dén
2500°C trong mdi truong khi tro va dén 900°C
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trong moi trudng oxi héa khi bé mat dugc phu
16p chong oxi héa, kha nang chiu héa chét, soc
nhiét t6t, chiu va dép va do bén cao... Do d6, vat
licu CCC duoc cic cong ty 16n nhu Kurtolde
(Anh), CEP, Aerospacial, Mexi-ispano-Bugat
(Phédp), Khitco, AVCO (M¥J) quan tdm nghién
ctru, phuc vu dé ché tao dia phanh may bay, hop
bao vé cac trang thiét bi dong vi phéng xa trén tau
Apollo, chép va mép bién canh chiu nhiét d6 cao
trén tau con thoi “Buran” cua Nga, ché tao cac
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thiét bi cach nhiét cao cho tau vii tru van tai
"Shuttle"cta My [1-4]. Vlec nghién ctru va ché
tao CCC ¢ trong nudc con rat han ché, cic cong
trinh méi chi dirng lai & mtrc khdo sit va tham
do. Qua cdc nghién ctru khao sét cho thay, cong
nghé ché tao CCC rat phirc tap va gdbm nhiéu
qué trinh khic nhau. Trong d6, qué trinh thim
cacbon & thé khi (CV]) sau do xu ly nhiét
(XLN) dong vai trd quan trong, quyét dinh dén
céu triic va céc tinh chat ctia vat liéu compozit
[5-8]. XLN gitip cai thién cAu tric tinh thé,
ning cao tinh chét co 1y cua vét lieu CCC.
Trong bai bdo nay, trinh bay két qua nghién ctru
anh hudng cta qué trinh xir 1y nhiét dén cau
tric va tinh chét cua vat liéu compozit trén co
s& bot graphit, sgi cacbon va nhua phenolic.

2. Thue nghiém

Hod chat dé ché tao phdi vat liéu ban dau
gom: S¢i cacbon mdédun dan hdi cao mic
Culon-500, khdi lwong riéng 1,9g/cm’ (Argon,
Nga) dugc xtr ly ¢ 400°C trong mdi trudng

khong khi. Bot graphit, kich thudc hat <90um
(Trung Quéc). Nhya phenolfomaldehit dang
novolac (PF) (téng hop tai Vién Hoa hoc - Vit
liéw/ Vién KHCN QS). Etanol d¢ tinh khiét
>99,7% (Trung Quéc). Hexametylen tetramin,
d6 tinh khiét >99% (Xilong, Trung Qudc). Axit
stearic (Xilong, Trung Quéc). Khi Ar d0 tinh
khiét >99% (Singapo).

Tron déu 80g bot graphit va 5g soi cacbon
vao cic dung dich PF c6 ham lugng nhya 15g
thu dugc hdén hgp G-CF/PF. Hon hop trén  dé
khd tu nhién trong khong khi 24h, sau dé duoc
sdy khé & 90°C trong 4h dé loai bo hét dung
mdi. Hon hop sau khi sdy dwoc ép tao hinh trén
mdy ép gia nhiét véi ché do: nang nhiét 1én dén
120°C, ép déng nhiét tai nhiét d§ nay trong 30
phit v6i dp luc ép 10 kegf/em®; sau d6 giir
nguyén luc ép nang nhiét 1én 165°C, ép dang
nhiét tai nhiét d§ nay trong 30 phut voi dp luc
ép 100kgf/cm’; 1am ngudi ty nhién theo khudn ép
dén nhiét d6 phong thu dwoc miu compozit G-
CF/PF. Céc mau compozit sau khi ép dugc cit
thanh cdc mau nhé c6 kich thudc 10x10x10 mm.
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Hinh 1. So d6 thiét bi xir 1y nhiét ché tao CCC.

Qua trinh phan huy nhiét céc mau vt liéu
duoc thuc hién trén thiét bi 10 nung kiéu 6ng
(Ba Lan) trong mdi truong khi bdo vé Ar vdi
lwu lwong 20ml/phit. Ché d6 phan hity nhiét:
tbc d6 nang nhiét 5°C/phiit, nhiét d6 phan hiy
1000°C trong thoi gian 2h.

Qui trinh thim cacbon tir thé khi (CVI) vao
vat liéu dugc thuc hién trén thiét bi 10 nung
kiéu 6ng (Ba Lan) tai 1100°C trong 4h.
Hydrocacbon dugc str dung dé tao pirocacbon
14 CH4 v6i luu lugng 20ml/phut, khi mang la Ar
véi luu lugng Sml/phiit.
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Khéo sit anh huong cua sé chu ky CVI-
XLN dén cu triic va tinh chat cia mau vat li¢u
dugc tién hanh XLN trong 10 cam ung trung
tan: nhiét do 2100°C, thoi gian gilt nhiét 2h
trong mo6i truong khi Ar (luu lugng
100ml/phuit). Ha nhiét 6 Xuéng nhiét 6 phong
tién hanh ngat khi Ar, ldy mau va khao sit mot
sb tinh chat cua vat liéu sau XLN.

CAu tric bé mit cdc mau vat lidu dugc khao
sdt bang thiét bi kinh hién vi dién tir quét phat
xa truong S-4800, Nhat Ban. Thanh phan pha,
d6 hoan thién tinh thé cua vat liéu trudc va sau
xir 1y nhiét dugc khao sat bang thiét bi do nhiéu
xa tia X, PANalytical, Ha Lan. Kich thudc bot
graphit duoc xdc dinh bang mdy phan tich c&
hat bang Lazer LA-950, hing HORIBA. Do
x6p ho, d6 xbp kin, ty trong biéu kién cua cic
mau vat liéu trudc va sau qué trinh xr 1y nhiét
dugc xdc dinh bang phuong phép can thiy tinh
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trén thiét bi can dién tr Shangping JA1203, d6
chinh xdc 10 g, Trung Qudc. P bén nén duoc
xdc dinh trén mdy do co ly Tinius Olsen
HI100KT Hounfield, Anh. Nhiét d§ trong qud
trinh xtr Iy nhiét dwoc kiém tra bang thiét bi do
nhi¢t d6 CHINO IR-AH, Nhat Ban va hod
quang ké cam tay, Nga.

3. Két qua nghién ciru va thio luin
3.1. Khao sdt nguyén liéu ban dau

a. Bot graphit

Bot duoc nghién min, dung riy véi kich
thude mat lu6i 38um dé réy loai bo hat c6 kich
thuge 16n. Xdc dinh kich thude bot graphit bang
mdy phan tich c&d hat dugc thé hién trén hinh 2.
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Hinh 2. Gian db phén tich c¢& hat ciia bot graphit.

Két qua cho thiy hat graphit c6 kich thudc
phan bd trong khoang tir 4+200pm, duong kinh
hat trung binh va s6 luong hat nhiéu nhat dugc
xdc dinh khodng 15,8pum, $6 luwgng hat c6 kich
thuéc nho hon 30pm chiém khoang 80%. Su

phan bd khong theo quy luét cua c& hat ¢6 kich
thude trén 30pum c6 thé gidi thich la do sy két tu
cua céc hat graphit c6 kich thude nhé hon.

Tién hanh phan tich thanh phan hod hoc
dugc trinh bay trén hinh 3.



V.M. Thanh va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Céng nghé, Tap 32, S6 4 (2016) 244-252

247

5600 L
Roquisition Parameter
Instnment : EELO{LRA)
4800 Rec. Voltage : 20.0 KV
Brobe Current: 1.00000 nk
FEA mode - T4
4000 Real Time : 5B.28 =ec
Live Time : 50.00 sec
Dead Time D151
5 3200 Counting Bate: 1671 cps
= Energy Bange : 0 - 20 kel
8 2400
1600
800 — I o
0+ i T T T T T T
0.00 050 160 240 320 4.00 480 560
k=W

Thin Film Standardless
Fitting Coefficient : 0
Element ikeV)

C E (Bef.)
o E*

Ma==3
89.51
0.4%
100.00

Teotal

Standardless Quantitative Analysis
7173

Atomt
99_62
0.237
100.00

Counts Errord
34355 .04
446 .06

Compound Masst Cation K
10000
0.3805

0.01
1.20

Hinh 3. Phén tich bang anh phé SEM-EDX thanh phan bot graphit.

Két qua phén tich cho thdy thanh phin hod hoc ctia mau chii yéu cacbon, ham luong dat 99,51%
vé khoi lugng, con lai 12 oxi, diéu nay cho thay d¢ tinh khiét cla hat graphit rat cao. Do vay bot
graphit sau khi dugc tuyén chon hoan toan cé thé sir dung dé 1am chat don dé ché tao compozit

cacbon - cacbon.

IMS-NKL x5.00k SE{M)

IMS-NKL x2.00k SE(M)

(b)

Hinh 4. Anh FeSEM bé mat soi cacbon chua xir 1y nhiét (a) va da xir 1y nhiét & 400°C (b).

b. Soi cacbon

Mau soi cacbon sau khi duoc xir 1y nhiét tai
400°C, tién hanh chup anh FeSEM (hinh 4) va
phan tich EDX d¢ xdc dinh thanh phan héa hoc
(hinh 5).

Két qua phén tich FeSEM bé mit sgi cacbon
hinh 4 cho thdy, mau soi cacbon sau khi xi 1y tai
400°C trong khong khi ¢6 cdc rd xdp kich thude
khoang 0,1+0,2um phan bd déu trén bé mit. Piéu

nay gitip cho soi c6 kha ning bam dinh tot véi
nén nhya phenol khi ché tao compozit.

Két qua phan tich thanh phan héa hoc ciia
soi cho théy, khi sgi duoc xir 1y nhiét tai 400°C
thi ngoai lugng cacbon, mau soi con Xuét hién
ham lugng oxi ¢6 gid tri 12 0,80%. Didu nay
cho thiy, qua trinh oxi hod bé mat mau da xay
ra khi tién hanh x@r 1y nhiét trong méi trudng
khong khi.
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Hinh 5. Phé EDX phén tich thanh phin héa hoc bé mit cta soi cacbon dugc xir 1y & 400°C.

3.2. Khdo sdt anh hudng cua qud trinh xu ly
nhiét dén cau tric cua vdt liéu

Vit liéu compozit G-CF/PF trudc va sau khi
duge XLN & cdc chu ky khdc nhau dugc tién
hanh CVI. Qud trinh CVI ¢6 tic dung dién
cacbon vao cdc 16 xdp, khi CH, phan hiy tai
1100°C trong 4 gi¢ tao nén cac nguyén tir cacbon,
céc nguyén tir cacbon thim vao bén trong ciing

10.0um [l IMS-NKL x5.00k SE(M)

nhu phu trén bé mit mau compozit, lic nay cacbon
ton tai chu yéu ¢ dang vo dinh hinh.

CH4 i Cnguyéntfr + H2 (khf) (1)

Sau CVI tién hanh XLN & nhiét d§ 2100°C
trong 2h, mdi truong khi Ar véi cic chu ky lap
lai. Két qua chup dnh FeSEM bé mit mau sau
xur 1y nhiét dugc trinh bay trén hinh 6.

" 10.0u

10.0um

Hinh 6. Anh ciu tric bé mit (FeSEM) cia cic mau CCC sau CVI chu ky 1 (a)
va sau CVI-XLN 1(b), 2(c), 3(d), 4(e) chu ky.
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Két qua hinh anh cho thiy, miu sau khi
CVI chua dugc xir 1y nhiét 1an 1 (hinh 6a) c6 bé
mit phang, khong c6 vét nit do cdc hat cacbon
lang dong trén bé mit (phan tng 1). Sau XLN &
chu ky 1 (hinh 6b) di c6 su thay dbi déng ké so
véi mau chua dugc XLN (hinh 6a), trén bé mat
vat lidu dd xuét hién nhitng vét niit v& 16n. Diéu
nay 12 do khi XLN & nhiét d6 cao dién ra qud
trinh chuyén cau tric vat liéu dan dén hién
tuong co kéo vat liéu giy nut va cé dau hiéu
bong v& bé mit. Tiép tuc CVI-XLN sau chu ky
2 (hinh 6¢) cho thdy, bé mat vat liéu van xuat
hién vét nut, tuy nhién chiéu rong vét niit va
luong vét nut da giam ddng ké, diéu nay ching
to vat lidu da dan 6n dinh sau CVI-XLN & chu
ky 2. Tang s6 chu ky CVI-XLN Ién 3 chu ky
(hinh 6d) bé mat mau di c6 sy thay ddi o rét.
Céc 16 x6p nho dan, hién twong bong tréc, v

bé mit da giam rat 16n, bé mat dong déu va
danh chic hon. Khi ning qué trinh CVI-XLN
1én 4 chu ky (hinh 6e) bé mat mau phang, dong
déu va danh chic. Diéu nay c6 thé do sau qui
trinh XLN cidc nguyén t& cacbon nay dugc
chuyén pha tao nén bé mit danh chic, 6n dinh
t6 chirc. Bén canh d6, sau 4 chu ky XLN cau
trac vat liéu da on dinh, khong con hién tugng
co kéo gy bién dang cu tric vat liéu. Nhu
vdy, can tién hanh CVI-XLN dén chu ky 4 dé
dam bao duoc qué trinh chuyén pha, 6n dinh t6
chirc va khic phuc dugc hién tuong pha vo cAu
trdc vat liéu. P& hiéu rd hon anh hudng cua qud
trinh XLN dén cdu trdc cua vat liéu, tién hanh
phan tich nhiéu xa tia X mau sau CVI chu ky 1
va sau khi XLN tir chu ky 1 dén 4. Két qua
phén tich dugc thé hién trén hinh 7.

Hinh 7. Gian db nhiéu xa tia X cia mau CCC sau CVI chu ky 1 (a) va
sau CVI-XLN 1(b), 2(c), 3(d), 4(¢) chu ky.

CVI-XLN thi o trat tu héa va 6n dinh t6 chic
ctia CCC tang, nhung mirc d6 ting khong gidng
nhau, giam déan khi s6 chu ky ting. Két qua nay
ciing pht hop va chirmg minh cho két qua chup
anh FeSEM cu tric cua vat liéu.

Két qua anh nhidu xa Ronghen cho thay,
mau trudc va sau khi XLN déu xut hién cic
pic dac trung glong nhau cua cacbon dang tinh
thé, khong xudt hién pic cua cdc nguyén t6
khac. Tuy nhién, mau sau khi dwgc XLN tai chu
ky 1 (hinh 7b) ¢6 cuong do pic 16n hon rat
nhiéu so véi mau chua dugc XLN (hinh 7a)
Tiép tuc ting sd chu ky CVI-XLN cho thiy,
chiéu rong ctia pic hep hon, cuong do cao hon
va cac dinh pic rd nét hon, géc 20 cé su dich
chuyén. Diéu nay cho thay, khi ting s chu ky

Nhu vdy, mau XLN tai chu ky 4 cho ciu
triic 6n dinh, do trat ty va do chuyén pha sang
tinh thé t6t hon 1am ting kha ning lién két
cia cdc cdu t trong vat liéu compozit
cacbon-cacbon.
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Bang 1. Két qua xdc dinh mét sb tinh chit co, 1y ciia mau CCC trude va sau XLN

x Két qua do
Mau CCe Do (em’) 60 (%) 8100 (%) 6 (%) G, (MPa)
SauCVIchuky 1 1,627 27,881 2,251 25,630 24,9
CVI-XLN 1 1,582 29,876 6,623 23,253 29.6
CVI-XLN 2 1,673 25,842 6,587 19,255 35,7
CVI-XLN 3 1,702 24,557 6,314 18,243 38,6
CVI-XLN 4 1,717 23,892 6,203 17,689 39,7

3.3. Khdo sdt anh huong cua qud trinh xu ly
nhiét den tinh chat cua vat liéu

Cic miu compozit G-CF/PF trudc va sau
khi XLN duoc tién hanh do do xép, ty trong
biéu kién, d6 bén nén. Két qua do dugc trinh
bay trén bang 1.

Két qua cho thay, mau sau CVI-XLN 1 ¢6
ty trong biéu kién cua vat liéu giam 2,77%, do

=0

45

woo =

LU=

x6p tong ting so v6i mau sau CVI 1. Do xdp
kin cta vat liéu giam, trong khi d6 x6p ho ting
tir 2,251% 1én 6,623%. Véi d6 xdp ho 6,623%
c6 thé ting ty trong cua vat liéu bang céch tiép
tuc tién hanh CVI theo phan tng 1. Dic biét,
khi XLN do bén nén cua vat liéu cacbon-cacbon
tang 1én rat nhiéu tir 24,9 Mpa lén 29,6 Mpa
(hinh 8). Do d6, qua trinh XLN déng vai trd rat
quan trong dén d6 bén ciia compozit.

Strain, %

Hinh 8. Gian d6 thir nén cic mau CCC sau CVI chu ky 1 (a) va sau CVI-XLN 1(b), 2(c), 3(d), 4(e) chu ky.

Qua bang 1 ciing cho thiy, sau mdi chu ky
xtr 1y nhiét céc tinh chat ctia vat liéu compozit
tang. Ty trong, do bén nén cua vat liéu ting, do
x6p giam. Nhung muc do thay d6i nay khong
giong nhau, giam dan sau mdi chu ky. Sau chu
ky 2, ty trong cua vat li¢u tang 5,75%, do xop
tong giam 13,50%, do bén nén ting manh
20,61% so v6i mau XLN chu ky 1; sau chu ky
3, ty trong cua vt liéu ting 1,73%, d6 xdp tong

giam 4,97%, d0 bén nén tdng 8,12% so v&i
XLN chu ky 2; nhung sau chu ky 4, ty trong
cua vat liéu ting khong déng ké 0,88%, do xdp
tong giam rat it 2,71%, do bén nén chi ting
2,85% so voi chu ky 3. Didu nay dugc giai
thich rang, khi cic 16 x5p c6 khuynh huéng nho
dan hodc bit kin lai thi cdc nguyén tir cacbon
sinh ra trong qud trinh CVI (phan trng 1) khong
thé xam nhdp dugc vao céc 16 xop kin, chi tham
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gia dién vao cdc 16 x6p ho trén bé mit. Nhu
vy, hi¢u qua cua quéd trinh CVI-XLN ciing
giam dan khi tang s6 chu ky xur ly nhiét va Iva
chon CVI-XLN dén chu ky 4 12 phit hop.

4. Két luan

Qua nghién ciru cho thay, xir 1y nhiét déng
vai trd quan trong trong céng nghé ché tao vat
licu CCC. Qua trinh CVI-XLN gitdp cho vat
liéu CCC bn dinh ciu tric, khic phuc dugc hién
tuong phd v cau tridc vat lidu, ting tinh chit co
ly. Ngoai ra, khi ting s6 chu ky CVI-XLN thi
chat lugng ciia compozit ting, nhung mic do
tang khac nhau va giam dan khi tang sb chu ky.
Tién hanh XLN tai nhiét d6 2100°C, trong mdi
truong khi argon, thoi gian 2h sau 4 chu ky cho
vat liéu CCC c6 cau tric 6n dinh dang graphit
va tinh chét co ly tot ty trong biéu kién (Pv)
1, 717 g/cm do xop tong (Eng ) 23,892%; do
XOp hor (&ns) 6,203%; A6 x0p kin (&) 17,689%;
do nén nén 39,7 MPa.
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Effect of Heat Treatment Process to Structure and Properties of
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Abstract: In this paper, we studied the effects of the heat-treatment process to the structure and
properties of composite based on graphite powder, carbon fiber and phenolic resin. The research
methodology was used such as X - Ray diffraction, field emission scanning electron microscopy
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(FESEM), determintion of the compressive strength, density. The results showed that the heat-
treatment process for C-C composite material improved stable structure, enhanced the mechanical
properties of material. After the heat-treatment process: heat-treatment temperature at 2100°C under
argon environment for 2 hours, after 4 cycles, the CCC material reaches: Apparent density
1.717g/em’; total porosity 23.892%; open porosity 6.203%; closed porosity 17.689%; compressive
strength 39.7MPa.

Keywords: Carbon-carbon composite, graphitization, composite properties.



