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BAN TOM TAT

Chung t6i da tong hop Bismaleimide (BMI) di tir 4,4’—diaminodiphenylmethane (DDM) va anhydride
maleic (AM) trong dung méi 1-Methyl-2-pyrrolidone (NMP) theo phuong phap hai giai doan, imide
hoa hoc. Sau do6 bién tinh BMI bang DDM trong dung méi NMP, c6 xtic tic. Gia cong composite vai
cacbon va nhua BMI, BMI bién tinh (BMI.BT). Céac tinh chit cua BMI va BMLBT dugc danh gia
bing cic phuong phap phéan tich DSC, TGA va FTIR, GPC. Tinh chét cua composite dugc danh gia
bang DMTA, LLoyd.

ABSTRACT

Bismaleimide (BMI) based on 4,4’— diaminodiphenylmethane (DDM) - anhydride maleic (AM) was
modified with DDM at different ratios. Influence of modified ratios on the physic-chemical and thermal
properties of resin and composite . Products was investigated by means of DSC, TGA, FTIR, GPC and

DMTA. The result shows that the modified ratio of 1.4/1 gives products with the best properties.

1. GIOI THIEU

Bismaleimide(BMI) 1a mét loai imide nhiét ran
vi né tu tring hop truc tiép thong qua lién két
d6i & cubi mach phan tir nhung san pham nhan
dugc thuong rat gion. Do d6 viée bién tinh né
dé tao mach phan tr co cAu tric dai hon sé& cai
thién phan nao mot sb tinh chat co 1y cia san
pham. Pong thoi didu kién gia cong compozit
dé dang hon.

C6 nhiéu phuong phap bién tinh BMI nhung
phuong phap bién tinh BMI thong qua phan
ung Michael-Addition cua BMI véi DDM
thuong duoc nghién ciru st dung nhd ¢6 tinh 6n
dinh, hoat tinh DDM cao. Hon ntra, ti 1€ mol
giita BMI va DDM ¢ thé s dung & mot
khoang rat rong. Trong nghién ctru ndy, ching
t6i sir dung phwong phap tong hop tryc tiép va
khao sat cac thong sb chinh cta quy trinh bang
DSC, pho FTR, sic ky gel GPC. Khéo sat quy
trinh gia cong composite trén co s& BMI bién
tinh va vai cacbon. Kiém tra tinh chit co-nhiét
bing DMTA va tinh chit co 1y bing may
LLoyd, ITR .

2. THU'C NGHIEM
2.1 Nguyén liéu

- 4,4—diaminodiphenyl-methane ~ (DDM),
anhydride = maleic (AM), 1-Methyl-2-
pyrrolidone (NMP): san pham tinh khiét cia
Merck (Puc).

- Cac xtic tac: Pyridine, Acetat natri, Acid acetic,
Anhydride acetic: tinh khiét Trung Quéc.

- Vai cacbon loai Satin 8H 6141 G trén co s&
so1 PAN cua Trawoger.

2.2. Téng hop BMI

Gdm 2 giai doan: tao amic acid va imide hoéa:

1. Giai doan tao amic acid

Cho tir tir AM rén vao dung dich NMP da hoa
tan DDM (theo ti 1€ mol nayv:nppy=2:1) va acid
benzoic (hamlugng 1% tong khdi luong
AM+DDM) trong 1 gio ¢ nhiét do 4 °C. Nhap
liéu xong duy tri thém 1 gid ¢ nhiét d phong.

2. Qua trinh imide hoa hoa hoc



Cho xtc tidc vao theo ti 1€ mol ngmi:Nannydric
acetic:Npyryaine= 10:4:3,5 dong thoi nang nhiét do
dung dich 1én 50-60°C. Sau 1 gi¢ cho thém xuc
tac CH;COONa 2% khdiluong AM+DDM  va
duy tri ¢ nhiét d¢ nay thém 2 gio.
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Hinh 1: Co ché phan img tao BMI tir AM va DDM
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2.3. Bién tinh BMI bing DDM

Cho ddng thoi DDM, dung méi NMP va xuc
tac acid acetic (ham luong 3% khéi lugng
DDM+ BMI) vao dung dich BMI sau d6 nang
nhiét do 1én 105°C. Lugng NMP cho thém dugc
tinh sao cho ndng do dung dich phan tng 15%
trén co s¢ do khao sat:

» Ti Ié bién tinh (x= ngmrnppy): X=2; x=1,6;
x=1,4; x=1,2

> Thoi gian phan ing: V6i mdi ti 18 bién tinh s&
¢6 thoi gian phan tmg khac nhau. Budc dau dikhao
sat: 3gio voi x=2; 5 gio voi x=1,6; 8 gio voi x= 1 4.
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Hinh 2: Phan mg bién tinh BMI bing DDM &
ti 16 2:1

2.4. Gia cong composite
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Hinh 3: So dd qua trinh gia cong composite
2.5. Phwong phap nghién ciru va danh gia

% Pho FTIR: Nham x4c dinh cac nhém chirc
trong BMI va BMLBT. Sir dung méu bét, nén
KBr . May do phd EquinoX55.

% Sic ky gel GPC: Nham xéc dinh khéi luong
phan tir trung binh cia BMIL.BT & cac ti 18 bién
tinh khac nhau. Mau dang bot , dung méi chuin
la THF, may do GPC 1100.

¢+ Phéan tich nhiét DSC: Xac dinh nhiét do
chay va nhiét do déng rin cia BMI va BMI
bién tinh, trén co s¢ d6 dua ra cac thong sb gia
cong compozit thich hgp. May DSC 204 hang
Netzsch, D, toc do gia nhiét 10°C/phit, moi
truong nito.

+ Phan tich nhi¢t TGA. Xac dinh kha nang
bén nhiét cua san pham sau khi déng rin. Su



dung may Netzsch TGA 209, Pirc. Toc do gia
nhiét 10°C/phat, moi trudng nito.

% Phan tich co nhiét dong DMTA: Nhim xéc
dinh nhiét do thuy tinh hoéa (Tg) cua nhya trong
mau compozit. May DMTA — Pheometric
Scientific- USA, tdc do gia nhiét 50C/phut, luc
15N.

% Danh gia tinh chat co Iy

— Bén kéo theo tiéu chuin ASTM D638 trén
may Lloyd ctia Anh.

— Bén udn theo tiéu chudn ASTM D790 trén
may Lloyd ctia Anh.

— Bén va dap theo tiéu chudn ASTM D256
trén may ITR-2000.

3. KET QUA VA BAN LUAN
3.1. So sanh sin pham BMLBT véi BMI
3.1.1. Cam quan

— BMILBT va BMI khi siy hét dung méi 1a bot
mau vang sang, anh kim.

— BMI tan tbt trong aceton con BMLBT kho
tan trong aceton. Thoi gian phan ng cang dai,
ti 16 mol nBMI:nDDM cang nhé thi san pham
cang kho tan. Mudn hoa tan BMLBT dung hdn
hop dung méi NMP va aceton.

— San phdm bién tinh it hat 4m hon san phim
khong bién tinh. Py 1a mot wu diém cua san
pham bién tinh so véi BMI khong bién tinh.

3.1.2. Phén tich nhi¢t DSC
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Hinh 4: Gian dd DSC 2 miu BMI va
BMILBT. 1,6:1. 5h

Nhin vao gian dd phan tich nhiét ta nhan thiy
c6 nhiing diém khac biét sau:

San pham BMI c6 mot miii chay va mdt miii
dong ran rd rang, con voi san pham bién tinh
xudt hién diém chuyén (gidng diém chuyen T,
clia ciu tric vo dinh hinh) va khong thé hién rd
mili dong rin. Piéu nay 1a do BMI ¢6 cdu tric
két tinh, ddng nhit nén thé hiéan mot miii chay
r0 rang. Hon nita nhi¢t d6 chay g?m nhiét do
dong ran nén cé sy déng ran dong loat cac ndi
do6i, toa ra luong 16n nang lugng nén cé su
chuyén ddi 13 rét trén gian dd. Nguoc lai, san
pham bién tinh c6 mach phéan tir dai hon va c6
d6 da phan tan nén co cAu tric vo dinh hinh,
xut hién nhiét do thiy tinh héa. O trang théi
nay mach khéng duoc linh dong va sip xép
khong ddng nhét nén sy dong rin dién ra khong
ddng thoi va ta khong thdy rd miii toa nhiét cia
qué trinh déng ran trén gian d6 DSC.

3.1.3. Phan tich phé FTIR
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Hinh 6: Phd IR miu BMLBT. 1,6:1. 5h

So sanh phd hinh 6 véi phd BMI (hinh 5) nhan
thiy: san phdm bién tinh van c6 cac miii hip



thu thé hién céu trac imit (1711,6; 1408,3cm™),
cac miii thé hién lién két d6i C=C (1631; 1585)
van duge dam bao. Tuy nhién miii hap thu dao
dong hoa tri C=0 imit bi dich chuyén mét it tir
1715cm™ xuéng 1711cm™. Thuc ra mii dic
trung cho dao dong hoa tri C=O imit vong 5
canh 1a 1700cm™ nhung ting 1én 15cm™ néu
C=0 lién hop v&i lién két d6i (diéu nay hoan
toan phu hop véi BMI vi C=0 lién hop vdi lién
két doi ctia AM). Tuy nhién, khi bién tinh mat d¢
ndi dbi giam 1am giam hiéu tmg lién hop néi trén.

3.2. Khio sat ti 1¢ bién tinh va thoi gian phan vimg

Ung véi mdi ti 1¢ bién tinh can mot thoi gian
phan tng khac nhau. Ham lugng DDM cang
tang thi thoi gian phan ung cang dai nén thoi
gian phan ing dugc khao sat song song voi viéc
khao sat ti 1 bién tinh.

3.2.1. Do sic ky gel

Két qua sic ky gel (Bang 1) cho thdy khdi
luong phan tir tdng 1én theo thoi gian phan ng.
Cung mot thoi gian phan ung khdi luong phan
tir tang khi giam ti 1& bién tinh. Do giam ti 1&
bién tinh nong d6 DDM trong dung dich phan
g tang 1am ting vén tdc phan ung. D6i vai ti
1¢ bién tinh 2:1 sau 5 gid phan tng khi lugng
phan tr di dat t6i khéi lwong 1y thuyét.
BMI.BT.5h ti 1¢ 1,6:1 c6 d6 da phan tan cao (I,
=1,31) do ¢ ti 1& nay theo 1y thuyét khong c6
mot cong thirc chung cho san pham bién tinh
nhu o ti 1€ 2:1.

Bang 1: Két qua do sic ky gel

Thoi Nmvr M Iy
glan | NDppM | thuyét

M, | Mw Ip

3 2:1 950 | 697,2 | 843,7 | 1,21

gio | 1,6:1 | 1332 | 7542 | 897,3 | 1,18

5 2:1 950 |944,8 | 1002 | 1,06
gio | 1,6:1 | 1332 | 1118 | 1468 | 1,3

3.2.2. Phén tich nhi¢t DSC

Gian dd phén tich nhiét (Hinh 7)cho thiy: O 2
gio ¢6 miii chay 167,7°C 1a miii chay cua san
phim trung gian cht khong phai 1a mili chay
ctia BMI (163°C ). Mit khac trén duong phan
tich nhiét khong c6é6 miii chay cia DDM

(87+90°C) chimng to6 & thdi gian 2 gid toan bd
DDM da két hop véi BMI. O 3 gio khéi luong
phan tir tiép tuc ting va mach mém déo hon nén
nhiét do chay giam xudng 139,2°C. O 5 giv ta
thiy khong con c¢6 mii chay rd rang nita ma
xudt budc chuyén gidng nhu budc chuyén thiy
tinh hoa. Baéi vi khi tang thoi gian phan tng cac
san pham trung gian s& két hop voi nhau tao do
da phan tan cao. Cac mach khong dong nhit vé
cAu trac nén san phdm c6 cdu trac vo dinh hinh.
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Hinh 7: Gian d6 DSC ctia 3 mau bién tinh 6 ti 1¢
biéi tinh 1,6:1 theo 3 thoi gian phan ting khac nhau.

3.3. Tinh chét ciia BMI va BML.BT
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Hinh 8: Gian d6 TGA ctia BMI tir DDM va
BMI bién tinh bang DDM



Qua d6 thi TGA ta thiy cac miu sau khi bién
tinh déu c6 do bén nhhiét giam so véi BMI
khong bién tinh, diéu nay 1a do sau khi bién tinh
mach phan tir dai hon va d§ da phan tan cao,
nén kém bén nhiét. Tuy nhién, chénh léch vé do
bén nhiét giita BMI va BMI.BT la khong nhiéu.
Qué trinh déng rén trén mang cho san phdm
chiu nhiét tot hon qué trinh déng rin trong gia
cong compozit. Do qua trinh dong rén trén
mang khong bi can tré boi cbt soi nhu ddi véi
compozit, hon nira do mang mong nén qua trinh
truyén nhiét dong déu hon nén kha ning déng
rén sau hon.

3.3.2. Tinh chit co ly compozit ciia BMIL.BT
trén co’ s¢ vdi cacbon

3.3.2.1. Phdn tich co nhiét dong DMTA
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Hinh 9: Gian 46 DMTA cta BMI va 3 mau
BMLBT ¢ 3 ti 1& bién tinh

Bang 2: T, cia BMI va BMLBT ¢ tung ti 1¢ va
khoang thm gian dong rén thém khac nhau

x BMLBT |BMLBT |BMILBT
Mau | BML |5 1,6:1 1,4:1
T, ('C)| 291 170 168 141

Ti 18 bién tinh giam thi T, gidm. Do ti 1¢ bién
tinh giam 1am tang khdi 1u0’ng phan tir gilra cac
cau ndi ngang, ciu trac 10ng 1éo hon.

3.3.2.2. Pj bén co ly ctia sdn phtfm compozit
vdi cacbon ti 1é soi/nhwa=5/5

Bing 3: Ung sudt va modul khi do uéq va kéo
compozit vai cacbon (ti 1€ scyi/qhua=5/ 5) nén la BMI
va BMI.BT véi cac ti I€ bién tinh khac nhau

Ti 1€ bién BMI BMI.BT|BMI.BT|BMI.BT|BMI.BT
tinh 2:1 1,6:1 1,4:1 1,2:1

oy.(Mpa) | 243,3 | 227,3 | 276,1 | 307,5 210

Ey(Gpa) |23,56 | 18,27 | 27,19 | 26,11 | 24,44

ox(Mpa) [223,4 | 2554 | 2958 | 3748 | 282

Ex(Gpa) | 9,81 | 9,27 11,48 [ 11,976 [ 11,31

(mﬁnplm) 126,5 | 111,06 | 145,78 | 162,24 | 155,3

1-BMI; 2-BMLBT.2:1; 3-BMLBT.1.6:1;
4-BMLBT.1.4:1; 5-BMLBT.1,2:1

Hinh 10: Ung suét ubn va kéo compozit vai
cacbon (ti 1€ sori/nhua=5{5) nén la BMI va
BMI.BT v6i cac ti 1€ bién tinh khac nhau

Ung suét udn va kéo tiang khi ti 1& bién tinh
giam. Modul dan hdi cia BMLBT ti 1& 1,4:1
giam mét it so véi BMLBT ti 1€ 1,6:1. Do khi
mach phan t& kéo dai s€ lam vat liéu déo dai
(tang tmg suit udn) nhung s& 1am giam do cimg
cua vat liéu. Tuy nhién, ti 1¢ bién tinh cling chi
giam t61 mot gidi han nhét dinh béi vi khi mach
phéan tir dai, qué trinh tim, sdy s& kho khan va
mat do lién két ngang giit cac mach phan tir nho
nén co tinh khong cao.

Ti 18 bién tinh giam thi d6 bén va dap ting. Do
giam ti t¢ bién tinh, khdi lwong phan tir giita cac
ndi ngang trong cau triic khéng gian tang lam ting
d6 déo dai cua vat liéu. San pham bién tinh bén
va dap hon san phém chua bién tinh, dic biét &
ti 1¢ 1,4:1. Két qua nay ciing phu hop voi két
qua do bén kéo, bén ubn. Chung to qué trinh
bién tinh c6 hiéu qua.



San phdm bién tinh co tinh chit vuot trdi so voi
trudc bién tinh. Viéc tmg suat ting khi giam ti 18
bién tinh nhung modul dan hoi giam khong nhiéu
rét co y nghia trong tmg dung thuc té. Ti 1¢ bién
tinh 1,4:1 14 ti 1& bién tinh t5t nhét nén sir dung nd
cho céc nghién ctru tiép theo.

3.3.2.3. Khdo sdt ti 1¢ soi/nhwa

Bang 4: Tinh chit co Iy cia san phim
compozit trén co s BMIL.BT.1,4:1 va vai
cacbon ¢ 2 ti 1€ sgi/nhua 5/5 va 7/3

TV 16 Bén uon Bén kéo

sgi/nhua

Nhya Cu E, ok Ey
(MPa) | (GPa) | (Mpa) |((GPa)
BMLBT | 55 (307,5|26110 |374,8 (11,97
1,4:1 7/3  (840,8 | 68,1 | 704,3 | 16,3
SI5 2433 | 23,57 | 2234 |98l

73 (5781 | 65,6 | 6228 |16,96

BMI

O ti 1¢ soi/nhua =7/3 d6 bén co ly ting lén rat
nhiéu, do d6 st dung ti 1& nay dé gia cong
compozit cho tit ca cac ti 16 bién tinh ciing nhu
BMI chura bién tinh.

3.3.2.5. So sdnh tinh chét co Iy ciia compozit
vdi_cacbon yd BMI.BT.1,4:1 voi cdc
logi nhwa nén khdc

Bang 6: Tinh chit co 1y cia compozit vai
cacbon nén nhua BMI.BT.1,4:1 vdi cac loai
compozit vai cacbon nén nhya khac

T/C co ly
oy Oy Ey Ok Ex

Vit lieu (MPa)| (GPa) | (MPa)| (GPa)

BMI.BT.1,4:1| 840,8| 68,1 | 704,3| 16,3

Epoxy-hamen | o | 6o | 601 | 66
satin

Epoxy-AP-vai

606 | 41,1 | 6429 13,2
cacbon

*: Compozit vai cacbon harnen satin, nén nhya
epoxy cua Carbide Corp (ti 1€ sgi/nhya = 6/4) [5]
*#%: Compozit vai cacbon, nén nhya epoxy 828
dong rin bang AP (D¢ tai nghién ctru cdp nha
nudc “Viat liu compozit trén co sé nhua
epoxy soi cacbon va trién khai wng dung”.
Mi s6 KC.CN 03-02)

4. KET LUAN

Chung t6i dd xay dung dugc quy trinh tong hop
BMI bién tinh. Phan (g bién tinh c6 thé xay ra
& nhiéu ti 16 khac nhau. Ti 1 bién tinh x cang
giam tc lwong DDM cho vao cang nhiéu thi
thoi gian phan ung phai kéo dai thém mdi dat
khéi lugng phén tir can thiét. Khi x=2 thoi gian
phan ung 5 gio, x = 1,6 thoi gian phan ing 6 gio,
x = 1,4 thoi gian phan ung 8 gio, x = 1,2 thoi gian
phan ing 10 gio.

Chung t6i da xay dung dugc quy trinh gia cong
compozit trén co s¢ nhya BMI.BT vai cacbon.
Két qua DMTA, bén va dap, bén udn, bén kéo
phit hop nhau va néi 1én ring san phiam bién
tinh déo dai hon san phdm khong bién tinh. Ti
1¢ bién tinh 1,4:1 cho két qua co 1y tot nhat.

Ti 1€ sgi/nhua=7/3 cho san phém compozit co
co tinh cao, vugt trdi so v&i compozit vai
cacbon trén nén nhwa epoxy nhu da so sanh.
Hon nira, kha nang chiu nhiét cia BMI.BT tot
nén st dung BMIBT dé ché tao vat lidu
compozit lam viéc ¢ nhiét do cao la kha thi.
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