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BIEN TiNH BISMALEIMIDE TONG HQP TU 4,4’- DIAMINODIPHENYL
METHANE (DDM) VA ANHYDRIDE MALEIC (AM) BANG DDM

Nguyén Hiru Niéu, Nguyén Pic Thanh, La Thi Thai Ha, Nguyén Qudc Viét
Truong Pai hoe Bach khoa, PHQG-HCM
(Bdi nhdn ngay 26 thdng 01 nam 2006, hoan chinh sia chita ngay 01 thdang 12 ndm 2006)

TOM TAT: Bismaleimide (BMI) di tir 4,4 ~diaminodiphenylmethane (DDM} va
anhydride maleic (AM) trong dung méi 1-Methyl-2-pyrrolidone (NMP) da dirgc rong hop theo
phuwong phap hai giai dogn (tao amic axit va imide héa hoc). Sau do BMI duoe bién tinh bang
DDM (trong dung méi NMP) vdi cdc H 1@ khde nhau 6 sw tham<gia ctia xuc tdc. Trén co sé
nhiea BMI bién tinh va BMI két hop voi soi cachon, cde tinh chdt co Iy nhiét cia vat liéu
compozit dd dwoe khao sat va danh gid.

1. GIOI THIEU

Blsmalelmlde(BMI) 1a mét loai imide nhiét rn vi né tir tring hop tryc tiep théng qua lién
két d6i & cudi mach phén tir ‘nhung san phim nhén dwoc thuong rét gion. Do d6 viée bién tinh
no dé tao mach phén tr ¢6 cdu tric dai hon s& cai thign phan ndo mdt 6 tinh chét co 1y cia san
phim. Déng thoi diéu kién gia céng compozit d& dang hon.

C6 nhiéu phuong phap bién tinh BMI nhmg phuong phap bién tinh BMI théng qua phan
ung Michael-Addition cua BMI vgi DDM thudng duge nghién ciru st dung nhd cé tinh én
dinh, hoat tinh DDM cao!"!. Trong nghién ciru ndy, ching t6i khao sat qua trinh bién tinh BMI
Hing DDM thong qua cac phuong phap phén tich DSC, phd FTIR, sic ky gel GPC... Bén canh
d6 qua trinh gia céng composite va tinh chit co-nhiét qua thiét bi DMTA va LLoyd, ITR .

2. THUC NGHIEM

2.1 Nguyén liéu

-4.4 —dlammodlphenyl methane (DDM), anhydnde maleic (AM), 1-Methyl-2-pyrrolidone
(NMP): san phim tinh khiét cia Merck (D).

- Cac xuc téc: Pyridine, Acetat natri, Acid acetic, Anhydride acetic: loai tinh khiét coa Trung
Quoc.

- Vii cacbon loai Satin 8H 6141 G trén co s& sgi PAN cia Trawoger.

2.2. Tong hep BMI: Gom 2 giai doan: tao amic acid va imide héa:'-’_']
2.2.1. Giai dogn tao amic acid |

Nhép liéu nr tir AM rin vao dung dich NMP d3 hoa tan DDM (theo ti 1&€ mol nap:nppy=2:1)
va acid benzoic (ham lugng 1% tong, khéi ]Lr(mg AM+DDM) sao cho dung dich phan img c6
nong dd 20% trong thisi gian | gio & nhiét 46 4°C. Sau d6 phan Ung duoc tiép tuc duy tri thém
1 gid & nhiét d§ phong.

2.2.2. Qui trinh imide héa héa hoc
Cho xuc tac vao theo ti 1¢ mol ngp: nanhydr,camc Tpyrydine = =10:4:3,5 dong thoi ndng nhiét 4o

dung dich 1én 50-60°C va tién hanh phan tmg. Sau 1 gi& bd sung thém xuc tic CH;COONa véi
ham tugng 2% khéi lugng AM+DDM va duy tri & nhiét do nay thém 2 gid.
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2.3. Bién tinh BMI bing DDM

Cho dbng théri DDM, dung méi NMP va xiic tac axit acetic (ham lwong 3% khbi hrgng
DDM+ BMI) vao dung dich BMI d3 duogc téng hop & trén sau d6 nang nhiét d6 l1én 105°C,
tién hanh bién tinh véi cac ti 18 DDM khac nhau. Lugng NMP cho thém dugc tinh sao cho
ndng dd dung dich phan tng 20% trén co s& do khao sat:

- Tilé bién tinh {(x= npmr:nppm): X=2; x=1,6; x=1,4; x=1,2

- Théi gian phan img; V&i mdi ti 1€ bién tinh s& c6 théi gian phan tmg khac nhau. Budce diu d3
khao sat: 3 gitr v6i x=2; S gir véi x=1,6; 8 gir voi x= 1,4 (két qua do 43 nhét)

o ) (=] [=]
>« n S S e S
= ; n - NH.——@—CHQ—Q—NH,.

o

o NH—@-CHQ‘@"‘NH i i e ) _
EJ::;C;LH l‘Hz,o Ho)gl_cuj lT\JICFN_n_Nib—NH—R—Nu—q;N _R_Ni:j
%N—< >—C:H’_®_N:gﬁI 7= _Q"CHz—@—-

Hinh 1. Co ché phan img taoc BMI it AMvaDDM  Hinh 2.Phe;m tmg bién tinh BM1 bing DDM
atile 21t

BMLBT
hoic BMI

[ Sdy,120°C2h | L——] Khudy, =60°C ]
¥

I Tao Prepreg F

24.Gia Icfmg compozit

-2h, 1* =100°C, ap sudt khi quyén- dudi
, i JF dung méi aceton ) .
| Say dudi dung méi —4h, t° = 100°C, 4p sudt chan khong- dudi

dung mdéi NMP :

' —Y - P =300 Psi
L Epaplyc  |< .cc=2000C 2m

-Postcure & 240°C, 2h

< San phim ép

Binh gié tinh chét cia san
pham

N

DMTA TGA

4

Caly

Hinh 3. So ¢4 qué trinh gia cong compozit

Tralig 30



| TAP CHi PHAT TRIEN XHECK, TAP 10, 80 02 - 2007

2.5. Phuong phap nghién ciru va ddnh gia

Phé FTIR: X4c dinh cac nhém chitc ciia phan img héa hoc. S& dung mu bét, nén KBr
. May do pho EquinoX55.
Séc ky gel GPC: Xac dinh khi lugng phén tr trung binh cia BMI bién tinh (BML.BT)

. & cdc ti 12 bién tinh khic nhau. Mau dang bdt, dung mdi chuin 14 THF, may do GPC

1100.

Phén tich nhiét DSC: Xac dinh nhiét 46 chay va nhiét d dong rin cia BMI va BMLBT.
May DSC 204 hing Netzsch, Puc, the d6 gia nhiét 10°C/phét, méi trudng nito.

Phan tich nhiét TGA. Xac dinh kha niing bén nhiét cia san pham sau khi déng rin. Sir
dung may Netzsch TGA 209, Dirc. Téc @6 gia nhiét 10°C/phit, mdi trudmg nito.

Phan tich co nhiét dong DMTA: Xéc dinh nhiét d6 thuy 1inh hoa (T,) cua nhua trong
mau compogzit. May DMTA — Pheometric Scientific- USA, the do gia nhiét 50C/phat,
Iue 15N,

Danh gia tinh chit co ly: Bén kéo, ubn theo tiéu chuin ASTM D638 va D790 trén may
Lloyd cia Anh; Bén va dap theo tiéu chuin ASTM D256 trén may ITR-2000,

3. KET QUA VA BAN LUAN
3.1. So sdnh san phim BMLBT véi BMI
3.L1 Cém quan

BMLBT va BMI khi sdy hét dung méi I3 b4t mau vang sang, anh kim.
BMI tan t6t trong aceton con BMLBT kho tan trong aceton. Thdi gian phan ing cang

gddi, x cang nho thi san phim cang khé tan. Mudn hoa tan BMLBT ding hon hop dung méi
NMP va aceton.

BMIBT it huit &m hon BMI. D4y 13 mét wu diém ciia sin phim bién tinh so véi khong bién tinh.

3.1.2. Phdn tich nhigt DSC

L&C fmivwirmg

DOSC mwimgfmmn

0804 axc (1] 184 5C
gvad ‘../' \.\ F 0.30 "
0.6 4 /f“ \ - 620
550 4 v
[21 491 9°C L 010
040~ . —__._-‘,_‘_\__.—-—d—"'/ '
PENE Jy‘_# e ) H“-____ L o0
d 4 el :
020 - o
. " P b0
010 Y Ve
0.0 ] Bm t\\‘ s 020
010 [FISMBTTLIE S ' o Tn2es2ec 020
50 109 150 200 250

Temperatre C
Hinh 4, Gian d6 DSC ctia BMI {duong 1) va BMLBT. 1,6:1. 5h (dudmg 2)

Nhin v4o gian d6 phén tich nhiét (hinh 4) ta nhan thdy c6 nhu’ng diém khac biét sau: San
phidm BMI c6 mét miii chay va mot mui dong ran rd rang, con véi san pham bién tinh khéng thé
hién r& miii d6ng rin. Didu nay 14 do sin phim bién tinh c6 mach phén tr dai hon va c6 44 da
phén tén nén khéng thiy rd miii tda nhiét cda qua trinh déng rén trén gian @5 DSC.
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3.1.3. Phin tich phé FTIR

So sanh phd ciia BMILBT (hinh 6) v&i phd BMI (hinh 5) nhan thiy: san phim bién tinh vin
¢6 céc miii hip thu thé hién chu tric imit (1711,6; 1408,3cm™), cdc mii thé hién lién két d6i
C=C (1631; 1585) vin duoc dam bao. Tuy nhién miii hf'ip thu dao dong héa trj C=0 imit bi djch
chuyén mét it tir 1715cm™ xubng 1711em™. Thue ra miii dic trung cho dao déng héa tri C=0
imit vong 5 canh 1a 1700cm™ nhung ting 1én 15em™ néu C=0 lién hop vai lién két dbi (diéu
nay hoan toan phu hop véi BMI vi C=0 lién hop véi lién két ddi cia AM). Tuy nhién, khi bién
tinh mét d6 néi d6i gidm lam giam hiéu tmg lién hop ndi trén.
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Hinh 6.Phd IR miu BMLBT. 1,6:1. 5h
3.2. Khio st ti I¢ bién tinh va thoi gian phén img
Ung véi mdi ti 1€ bién tinh x khac nhau thi cAn mét thoi gian phan fmg twong tmg. Ham

lugng DDM céng tang tac ti 16 x cang nho thi thai gian phan (mng cang dai nén thdi gian phan
trng dugc khao sét song song vdi viéc khdo sat ti 1€ bién tinh.

3.2.1. Po sdc ky gel ‘
Bang 1.Két qua do sic ky gel

Thoi gian x M i thuyée M, Mw Ip
. 2 950 6972 8437 | 121
3 6. 3 3 Ll
& 1.6 1332 7542 897.3 1,18
i 2 950 044.8 1002 1,06
S 6. 3 3
| S 16 | 1332 1118 1468 1.3
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Két qua sic ky gel {bang 1) cho thiy khoi lugng phén tir ting 1én theo thoi gian phén Ung.
Cing mét théi gian phan img khdi lwgng phan tir tang khi x giam. Déi vai i 18 bién tinh 2:1 san
5 gi¢ phan ing khéi luong phén tir di dat t&i khéi lwgng 1y thuyét.

3.2.2. Phin tich nhiét DSC

Gian d6 phan tich nhiét (hinh 7)cho thiy: G 2 gid cé mili chay 167,7°C 1a mili chay cua san
phédm trung gian chir khéng phéi 1a miii chay ctia BMI (163°C ). Mit khic trén duéng phén tich
nhiét khong c6 miii chay cia DDM (87+90°C) chimg to & thoi gian 2 git toan b DDM da két
hop véi BMI. O 3 gitr khéi luong phén tir tiép tyc ting va mach mém déo hon nén nhiét 46 chay
giam xudng 139,2°C. (J 5 givr ta thiy khéng con cé mili chiy rd rang nira ma xuét budc chuyémr

giong nhu budce chuyén thuy tinh hoa. 2
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Hinh 7.Gian 46 DSC ctia 3 miu bién tinh & ti 1 bién tinh x=1,6 theo 3 thot gian phan img khéc nhau
3.3. Tinh chat ciia BMI va BMLBT
3.3.1. Kha ning bén nhiét
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{1]BMI.BT.BR mang TL1,6:1; [2]BMIL.BT.PR compozit TL1,6:1; [3]BMI. PR mang
Hinh 8.Gian 46 TGA cua BMI va BMLBT

Qua db thj TGA (hinh 8) ta théy cac miu BMLBT (duong 1 va 2) déu c6 d6 bén nhiét giam
so voi BMI (duong 3). Tuy nhién, chénh léch vé 86 bén nhiét gitra BMI va BMILBT 1a khéng
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- nhiéu. Qué trinh d6ng rin trén mang cho sin phim chiu nhiét tt hon qua trinh déng rén trong
gia cOng compozit.

3.3.2. Tinh chit co ly compozit cia BMILBT trén co sé véi cachon
3.3.2.1._Phén tich co nhiét dpng DMTA
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Hinh 9. Gian d6 DMTA cia BMI va 3 mdu BMLBT & 3 ti I¢ bién tinh khac nhau

Theo két qua hinh 9 cho thiy: nhiét 36 hoéa thiy tinh cia BMI khong bién tinh Ty =291°C,
sau khi bién tinh véi céc ti 16 khac nhau x=2; x=1,6; x=1,4 thi T, giam dén tir 170°C den 141°C.
Ti 1& bién tinh x giam thi T, giam. Piéu nay dugc giai thich nhu sau: Do x glam khdi lucmg
phén tif 16n, khoang cach giira ndi d6i trong mach dai hon nén sau khi dong ran mat 46 ndi doi
thap, clu triic 16ng léo, mém déo hon.

3.3.2.2. Pj bén co Iy ciia sén phim compozit sgi cacbon ti I¢ spi/nhwa=5/5
Bang 3.0 bén co ly ciia vat liéu compozit tir BMI va BMIBT v&i s¢i cacbon (ti 1¢ soi/nhua=5/5)

s BMLBT | BMLBT | BMLBT | BMIBT

Til¢ bien tinh BMI 2:1 1,61 1,4:1 120
o.(Mpa) 2433 2273 276,1 307,5 210
E.(Gpa) 23,56 18,2 272 26,1 244
ox(Mpa) 2234 2554 295,8 374,8 282
Ex(Gpa) * 98 9,3 11,5 11,9 11,3
(m;];m) 126,5 111,1 145,8 " 162,2 155,3

Do bén udn, bén kéo va bén va dap ting khi x gidm. Do khi mach phén tir kéo dai s¢ lavaat
li¢u déo dai (tﬁng {mg suit udn). San phim bleIl tinh c6 tinh chit vugt tréi so véi trudce bién tinh vé
d6 bén co Iy: ubn, kéo va va dap. Vige img suat ting khi gidm ti 1¢ bién tinh nhimg modul dan héi
giam khéng nhiéu rat ¢6 y nghia trong img dung thyc t&. Ti 1& bién tinh 1,4:1 14 ¢ 1é bién tinh t5t nhét
nén st dyng no cho cic nghién ciru tiép theo.
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3.3.2.3. Khaio sdt 6§ I¢ spi/nhua

Bing 4.Tinh chét co Iy ciia san phim compozit trén co s& BMLBT.1,4:1 va vai cacbon & 2 ti 18

soi/nhya 5/5 va 7/3
Bén uén Bén kéo
Nhura T¥ 16 sgi/nhyra o E
3 U u E
(MPa) (GPa) ok (Mpa) «(GPa).
BMLBT 5/5 307,5 26110 374,8 11,97
1,4:1 773 840,8 68,1 704,3 16,3
5/5 243,3 23,57 | 2234 9,81
BMI
73 578,1 65,6 622,8 16,96

@ ti 1é soi/nhya =7/3 6 bén co 1y ting lén rat nhiéu do soi la thanh phin chiu lmg sufit nén
ti Ie soi tang s& lam tang co tinh. Nhung néu soi qué nhidu s& khong dt nhya dé truyén tai img
suat, do d6 ti 18 sgi/nhya =7/3 1a pha hQp va sir dung ti 1€ nay dé gia cdng compozit.

3.3.2.5. So sdnh tinh chit co I ciia compozit véi cacbon va BMI.BT.1,4:1 véi cdc logi
nhia nén khic

Bdng 6. Tinh chit co 1y clia compozit vai cacbop nén nhia BMLBT.1,4:1 véi c4c loai compozit
vai cacbon nén nhwra khic

T/C coly o, E, oy Ey
Vit licu (MPa) (GPa) (MPa) (GPa)
BMI.BT.1,4:1 840,8 68,1 704,3 16,3

| Epoxy-harnen satin’ 827 66 621 66
Epoxy-AP-val cachon’ 606 41,1 642,9 13,2

*: Compozit vai cacbon hamnen satin, nén nhua epoxy ciia Carbide Corp (ti 1€ soi/nhya = 6/4) ¥

**: Compozit vai cacbon, nén nhira epoxy 828 déng rén bing AP (D2 tai. nghién ciru cip nha
nuéc “Vit ligu compozit trén co s& nhya epoxy s¢i cachon va trién khai img dung”. Mi sb
KC.CN 03-02).

4. KET LUAN
" Qud trinh bién tinh BMI véi DDM da dugc khéo sat & cac ti 1é x khac nhau cho thiy. Ti 18
bién tinh x cang giam tire lugng DDM cho vao cang nhiéu thi thoi gian phan img phai kéo dai
thém méi dat khéi lugng phan tir cin thiét. Khi x=2 thoi gian phan tmg 5 gid.

Tinh chit cia vat ligu compozit sqi cacbon voi BMI va BMLBT &3 dugc khao sat cho thy:
ti 1€ bién tinh 1,4:1 ¢6 két qué co ly tét nhét va ti 18 sm/nhua‘-7/3 tao ra san phdm compozit ¢
co tinh cao, vugt trdi so voi compozit vai cacbon trén nén nhua epoxy nhu di so sanh. Hon nira,

kha niing chiu nhiét cia BMIBT tdt nén str dung BMI.BT dé ché tao vit lidu compozit lam viéce
& nhiét &6 cao 1a kha thi.
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BISMALEIMIDE BASED ON 4,4' - DIAMINODIPHENYL MATHANE (DDM) -

ANHYDRIDE MALEIC (AM) WAS MODIFIED WITH DDM

Nguyen Huu Nieu, Nguyen Dac Thanh, La Thi Thai Ha, Nguyen Quoc Viet

University of Technology, VNU-HCM

ABSTRACT: Bismaleimide (BMI) based on 4,4— diaminodiphenylmethane (DDM) -
anhydridé maleic (AM) soaking in 1-Methyl-2-pyrrolidone (NMP) was produced with two step
process (amic acid and imide). The products were modified with DDM and catalysis at different
ratios. We investigated the physic-chemical and thermal properties of the composite based on these
resins and carbon fiber .
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