Thuc tip Cé sé Nganh - Ché tao Vit liéu Phong Thi Nghiém Co s¢ KHVL
BAI 5

PHAN UNG KHAU MANG EPOXYBANG AMIN

1. MUC DiCH
Pong rin nhya epoxy (DGEBA) véi mot amin (TETA- triethylenetetramine).

Theo ddi va ghi nhén van tdc cia phan tng dong ran.

2. LY THUYET

2.1. Khai quat vé nhwa epoxy
Nhuya epoxy duoc P. Castan (ngudi Thuy Si) diéu ché dau tién vao nam 1936. Khi thém chat
doéng ran vao nhua s& tao thanh mot polyme 3 chiéu, on dinh va bén nhiét [1].
Mac du cac san phém cua nhya epoxy chi chiém phén tram thép trong toan bo vat liéu nhuya,
muirc d6 tiéu thy cta chung hang niam trén thé gidi cling xap xi 400.000 tan.
Nhuya epoxy duoc ing dung rat nhiéu:

e Nhua epoxy dugc dung dé lam 16p pha ngoai cia may bay, éng din nhién liéu,...

trong cong ngh¢ hang khong vii tru.

e Ché tao cac loai khung xe, cac chi tiét may trong nganh ché tao 6 t6, co khi,...

e Ché tao cac hé thong dan nudc, dan khi thai, bon hoa chit co tudi tho cao,...

e Lam keo dan cac vét dung trong nha hay cac dung cu thé thao....

e Ché tao vat liéu composite (vot tennis, van trugt tuyét, can cau cé, gong kiéng, tau

be,...) [2].
Nhura epoxy chira it nhat 2 nhom epoxy (thudng duge goi la oxirane) co cong thirc nhu sau:
CH, —CH—
N/
Céac nhom chirc nay dugc sinh ra tir phan tng cua epichlorhydrine va diol va ton  tai duéi
dang ether glycidyl:
R—O—CH,—CH,—CH —CH—
N/
0

Vi ly do nay, tén goi hda hoc cua nhua epoxy ludn kém theo thudt nglr “epoxy” hay

“glycidyl”. Hon 75% nhya epoxy dugc san xuat tir phan tng tring ngung ciia epichlorhydrine
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va bisphenol A. San phim cta phan tng nay 1a mot hon hop monomer (véi khdi luong phan
tir thap) va oligomer (v6i khéi lwong phan tir cao hon) cua diglycidyl ether of bisphenol A
(DGEBA).

diphénylolpropane épichlorhydrine

CH3 /O\
(n+1) HO@ @ * (n+2)CH,—CH—CH,—cCl * (n+2)NaOH
CHjy

CH3 A
CH3 CH3

+ (n+2) NaCl + (n+2)H,0

Hinh 1: So d6 diéu ché DGEBA theo phuong phap Taffy
Chi s6 “n “ dic trung cho do tring hop cuia nhya.
n<l.5: nhya & dang 1dng
n>1.5: nhya ¢ dang ran
DGEBA tan nhiéu trong dung moi hiru co nhu 1a acetone, toluen, benzen,...
- Do trong cau triic mach phan tir Epoxy c¢6 cic vong Aromatic va lién két ether nén nhya
Epoxy c6 kha niang chiu dugc moéi truong héa chét cao, chéng dn mon.
- Su hién dién cta cac nhém Hydroxyl phan cuc doc theo mach phan tir lam gia ting kha nang
bam dinh trén nhiéu loai bé mat vat liéu.
- Bén canh d6, su quay tu do ctia 2 nhém Methyl trong thanh phan Bisphenol A bi ép giita 2
vong Aromatic mang dén cho nhya Epoxy dic tinh vira cirng nhung lai mém déo (flexible).

Chét pha loang :Hon phan nira nhwra epoxy déu thém chit pha lodng d& dé& dang sir dung vi

chat pha loang lam giam d6 nhot ctia nhya [3]. Chét pha loang thudng str dung 13 ether
glycidylique c6 chtra cac nhom chira epoxy. Trong cong nghiép, chét pha lodng dugc pha vao
nhua véi ti 18 t6i da 12 20 %.

2.2. Phin ing dong rin (khAu mang) nhua epoxy

Nhua epoxy dang mach thang dugc chuyén sang dang 3 chiéu (khau mang) nho vao chat dong
ran. Chat dong ran c6 vai trd tao cau ndi giita cac day mach thang. Chung dugc sap xép thanh

2 nhom: polyamine va anhydric acid.
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Amine c6 vai trd mé vong oxirane nhd vao hydrogen hoat tinh. Amine c6 tinh baz gdm c6:
amine nhét cp, nhi cip va tam cap (ttc 1a khong c6 hydrogen hoat dong). Ngoai ra, nguoi ta
con st dung nhirng chét doéng ran khéac nhu: dicyaniodiamide, isocianates, imidazolines, nhya
phenol formaldehyde, melamine formandehyde, ure formaldehyde, chromate hexavalent...[3,
4]

M&i nhém déu c6 nhitng tinh chat riéng duoc dua ra trong bang 2. Viéc lwa chon chat déng
rin nao phu thudc vao nhitng tinh chat cia san phém ma ta mong mudn.

Bang 2: Chét dong ran 1a polyamine [3]

polyamines aliphatique ethylénediamine (EDA)
methylénedianiline (MOA)
diéthylenetriamine (DETA)
triéthylénetétramine (TETA)
dipropylenetriaming (DFTA)
tetraéthylenepentamine (TEPA)
diméthylaminopropylamine (CMAPA]
diéthylaminopropylamine (DEAPA)
224 et 14 Atriméthylhexaméthyléne- | 6-diamine (TMHDA)

polyamines isophoronediamine (IPCA)
cycloaliphatiques M-aminoéthylpiperazine
amines aromatiques diamino-4 4™-diphénydméthane (DOM)

diamino-4 4*-diphénysulfone (DS

44'-diamino-3 3-dichlorodiphénylméthane (MBOCA)
m-phényénadiamine (MPDA)

mrylylenediamine

tris-(diméthylamincméthyliphénal (tis-DMP) (catalyseur)

polyaminoamides basés sur des polyamines aliphatiques ou aromatiques

Bang 3: Chat dong ran 1a acid anhydric [1]

- anhydride phialique (FA)

- anhydride méthyltétrahydrophtalique (MTHPA)
- anhydride méthylhexahydrophtalique (MHHEA)
- anhydride dodécenysuccinique (DDS)

- anhydride hexahydrophtalique (HHPA)

- anhydride maléique {[A)
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Tuy tac nhan phan g ma co ché ctia phan tng c6 thé xay ra khac nhau. Vi tac nhan dong
rin 12 amin nhat hodc nhi cp, su md vong oxiran (epoxy) duoc thyuc hién thong qua hidrogen
linh dong ciia amin. Hydrogen hoat dong cho phép phan tng dién ra ¢ nhiét d6 phong va day
la phan tmg nay toa nhiét. Phan Gng giita nhua epoxy va amin c6 wu diém 13 it bj co ngot

(khéng qua 5 %).

0 OH

/N i '
—NH; CH,—™CH— ——» —N—CHz7CH— (1)
amine époxyde H alcool
primaire amine secondaire

secondaire

OH
I
OH
| °\ s CHy—CH ——
2
— N—=CHz77CH — CH,—CH— —>» —N (2)
CHy—CH —
H I
OH
amine alcool époxyde amine
secondaire secondaire tertiaire 2 alcools

secondaires
Hinh 2: So d6 md vong epoxy bang amine nhat cap (1) va amine nhi cap (2)
Amin nht cap c6 2 hydrogen hoat dong. Trong khi d6, nhyra epoxy chi ¢c6 mot nhém chirc
amin. Vi vdy, phan ung giita diepoxy va monoamin s& tao thanh polyme mach thang. S&

lugng hydrogen hoat dong cua cac polyamin nhu sau [5]:

Hydrogen hoat dong
Ethylene diamine (EDA) 4
Diethylene triamine (DETA) 5
Triethylene tetramine (TETA) 6

Ngoai amin ra, phan irng khau mang nhya epoxy con dugc thuc hi€n nho vao chat xuc tac, vi
du nhu: amin tam cap, mudi cua amin hay acid Lewis.
Dé t61 wu hoa nhiing tinh chat cua nhua epoxy sau phan img khau mang va dam bao duogc sy

khau mang la cyc dai, can phai tuan theo ti 1€ duong lugng (stoichiometry). Ti 1€ nay duoc
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tinh theo duong luong epoxy (khdi luong nhua epoxy chira 1 nhom chirc epoxy) va duong
lwong amin (khéi lwong amin chira 1 hydrogen linh dong).

Duwong lugng epoxy (epoxy equivalent weight)= duong lwong amin (active amine hydrogen
equivalent weight)

3. THUC NGHIEM

3.1. Thiét bi

Stt Tén S6 luong

01 Ong nghiém nhé |5
02 Nhiét ké 200 3
03 Giay bac
04 Becher 100 ml (cé | 3

mut cach nhiét)

05 Ong nho giot thuy | 2

tinh
3.2. Héa chit:
Tén S6 luong
(9)
DGEBA (Nhua epoxy) 10.00
TETA 3.00
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3.3 Tién trinh thwc nghiém
Chuéan bj 5 dng nghiém nhé. C4n vao mdi éng nghiém 2.00 g DGEBA. Can TETA véi
khéi lugng duoc ghi trong bang dudi ddy. Thém nhanh TETA vao dng nghiém, dong thoi

khuay déu hon hop.
Stt 6ng nghiém | 1 2 3 4 5
TETA(g) 0.20 0.40 0.60 0.80 1.0

Cam dau do cua nhiét ké vao giira 10ng hdn hop. Ghi nhan thoi diém khi cho vao giot
amine cudi (t,=0) va nhiét 46 Ty ctia hon hop. Theo ddi sy thay dbi nhiét do theo thoi
gian phan tng. Sau 2 phit ghi nhiét do 1 1an dén khi nhya dong cing lai, tiép tuc theo dai
nhiét 6 dén khi nhiét do giam vé gan nhiét 4o phong.

Vé do thi nhiét dp phan iing theo thoi gian. Xac dinh thoi gian t; tai nhiét do cao nhat.
Lan luot tién hanh tuong tu v&i 5 6ng nghiém.

Nhén xét lwong nhiét téa ra ciia mdi phan wng dya vao dién tich ciia nhirng duwong
cong trén moi do thi.

Luwu y: sinh vién on nhiét trong cac binh on nhiét dugc phat va han ché 1am & nhitng vi tri
¢6 nhiéu gio.
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BAI 6
COMPOSITE TREN CO SO NHUA NHIET RAN (NHUA
EPOXY) VA SOI THUY TINH

1. MUC DiCH THi NGHIEM

Trong bai thyc tap nay, sinh vién s€ ché tao vat li¢u composite nhya nhiét rin ¢o
pha gia cuong 14 soi thily tinh bang phuong phap dap tay (hand lay-up). Nhua nhiét rin
dugc sir dung 1a nhwa epoxy DGEBA dugc déng ran bang TriEthylene TetrAmin
(TETA).

Sau bai thyc tap sinh vién c6 kha niang hiéu duoc khai niém vat liéu composite va
cac phuong phap ché tao composite nhura nhiét rin. Ngoai ra sinh vién con ¢6 kha ning

dua cac phuong phap thir tinh chit co dé kiém tra chat lugng cia mot san pham bat ky.

2. LY THUYET

2.1. Nhua epoxy

Nhua epoxy dugc sir dung trong bai thuc tap 1a Diglycidyl Epoxy Bisphenol-A
(DGEBA). DGEBA dugc tao thanh tir phan Ung trung hop bac gitta 2,2-bis (4-
hydroxyphenyl) propane (Bisphenol-A) va epichlorohydrin. Nhya epoxy dugc dat theo
tén nhom chirc cudi mach (nhom epoxy) va nhom nay dic trung cho tinh than hach cua

nhua.

o
CH; / \
HOO¢OOH + CH; CHCH,CL
CH;

Epichlorohydrin
Bisphenol-A

g gn
CH,
Cls ) NaOH/H,O
HO _Q? @—O—CH:CHCH;CI 2
CH,
s 2N
S =N gy SRR
CH,
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Hinh 1. Phan tng tong hop nhua epoxy tir bisphenol-A.
Phan tmg tring hop bac ct tiép tuc dién ra, két qua sé tao thanh nhiwa DGEBA.

CHy & CH; f‘
A (" emmo L (4o

b L

n
Bisphenol-A
Hinh 2. Nhua epoxy.

Chi khoang 25 don vi Bisphenol-A (n<25) trong mach nén nhya epoxy that ra la mot
oligomer. Tuy nhién khi thém vao chat dong ran (thuong 13 cic amin), cic mach
oligomer lién két lai voi nhau bang lién két hoa hoc giita cic nhom amin v6i nhom epoxy

tao nén polymer khau mang c6 tinh chét cimg rén.

A7 SN
e TH CHz H H HalC———C Hoonne
TN RN
AnanCH——C Haz H H HyC—— CHunnes
l -
T i
wnrCH—CHz. _CHz—CHanne
N—R— N
mn:l*,H—-:Hz*” CH2—CHuwer
CH CrH

Hinh 3. Phan g déng ran nhya epoxy bang amin.

2.2. S¢i thuy tinh

Thanh phan soi thuy tinh 1a SiO,. Soi thiy tinh khong ¢6 nhiét d6 chay nhung nd
mém & nhiét d6 2000°C va bt dau phan huy & nhiét d6 nay. O khoang 1700°C, hiu hét
cac phén tir c6 thé chuyén dong dé dang. Néu thay tinh dwgc 1am ngudi nhanh thi khong
thé tao nén ciu trac trat tu.

Trong polymer, s¢i thuy tinh hinh thanh cac nhém Si0,4 c6 hinh dang tr dién véi
nguyén tir Si nim & tim va 4 nguyén tr O ndm & goéc. Nhing nguyén tir ndy tao thanh

mang ludi do dung chung nguyén tir O & goc.
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Hinh 4.Cu tric soi thiy tinh.
Duong kinh soi thuy tinh khoang 9-15 micromet. Viéc stir dung oxit kim loai v&i
sb lugng khac nhau s@ tao ra céc loai thuy tinh c6 tinh chét khac nhau. Nguoi ta phan loai
soi thity tinh dya trén thanh phan hoa hoc va tinh ning co 1y ciia ching.

Bang 1. Phan loai soi thiy tinh.

Dac tinh chung Théanh phan

Aluminoborosilicate (chia 1% vé
Thuodng duge dung dé gia cudng nhua | khéi lugng oxide kim loai)

Tinh cach dién cao Borosilicate

Ham lugng kiém cao Alkalisilicate (co it hodc khong co
boron oxide)

Do bén hoa hoc cao Alkalisilicate (chira ham lugng

boron oxide cao)

Do bén co hoc cao Aluminosilicate khéng c6 MgO
va CaO
Do bén co hoc cao Aluminosilicate khdng c6 CaO

nhung c6 chira nhiéu MgO
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(a) (b)
Hinh 5. Soi thay tinh loai E (a) s¢i khong dinh hudng (dang mat), (b) soi dinh hudng 2

chiéu (dang woven).
bé tang d¢ bam dinh gilra sgi thuy tinh va nhuya, s¢i can phai dugc xu ly bé mat.
Giita soi thuy tinh va nhya lién két voi nhau nho tac nhan lién két. Tac nhan lién két 1a
nhitng phan tir hydrocarbon ngin, mét dau c6 thé twong tac voi nhya con dau kia tuong
tac voi soi. Thong thudng, soi duge xur 1y voi chét lién két trude khi dua vao nhya, nhu
vay no6 dugc phu mot 16p két dinh hoa hoc. Mot tac nhan lién két hay dugc str dung la
organosilan (R-Si(OX)3). X la methyl, ethyl, methoxyethyl...... va R 1a mot chudi
hydrocarbon. Nhém OX phan tmg véi nhom OH trén bé mat soi thay tinh.
|
(0]
| |

'—OH +X0—R —>» Si—0—R + HOH

(@)

___ 0o—w_—0_—

Hinh 6. Cau trac soi thily tinh c6 gan nhém lién két.
2. 3. Cac phuong phap ché tao composite nhwa nhiét rin
Vi¢e lya chon vat liéu cling nhu Iya chon ché tao composite thay cho vat li¢u
thong thuong hay khong ngoai van dé chi phi san xuit ciing phéi quan tim dén nhiéu yéu
t6 khac nhu d6 bén kéo va udn twong thich véi diéu kién str dung, moi truong st dung va

bé mit st dung (d6 sang, do nhan,...).
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Hinh 7. So sanh cac diéu kién san xuit cua cac k¥ thuat ché tao composite khac nhau.
2.3.1.K¥ thuit dip tay (hand lay-up)

K¥ thuat dép tay dugc thuc hién béng cach viée tAm uwdt soi thuy tinh véi nhya
1ong (c6 thé dd dugc pha hodc chua pha chit dong ran). San phdm composite 1am tir quy
trinh hand lay-up 1a nhiing san phiam qua 16n khong thé san xuat duoc tir cac ky thuat
khéc. K¥ thuat nay ding dé san xuét cac san pham voéi s6 luong it va c6 dau tu cho san

xuat thap. Vi du: tau thuyén, bon chira héa chat, hd boi,. ..

Hinh 8. K§ thuat hand lay-up.
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2.3.2.Ky thuit sung phun (spray- up)

K¥ thuat sung phun duoc st dung thay thé cho k¥ thuat dip tay, mic du chung co
mot sb diém khac nhau. Ky thuat nay c6 thé thay thé cho k¥ thuat hand lay-up trong
trudng hop khudn qua 16n, kho chudn bi soi gia cudng vi qua niang khong thé dung tay
duoc.

V6i ki thuat sting phun san phiam duge hoan thanh nhanh hon k¥ thuat hand lay-
up va co thé dung kém theo phuong phap pha va cé thé ty dong héa. Ta ciing c6 thé ding
k¥ thudt nay dé sira va gia cudng cac thung chira kim loai & bén trong hodc bén ngoai, hd
boi va céc ciu trac chdng an mon. Stng phun c6 thé ding dé san xuat cc pano bao vé

may, bon tam, thung xe tai,...

2.3.3.Pultrusion

Day 1a k¥ thuat ding dé san xuat cac san pham profile composite bang cach kéo soi qua
bd phan tim w6t nhya, dinh hinh va déng rin. Nguyén liéu sir dung 1a soi thily tinh dang
roving (1a soi dugc dinh hudng mat chiéu) két hop véi nhya nhiét ran & dang long nhu
nhya polyester va nhua epoxy.

Ngay nay k¥ thuat pultrusiom dugc dung rong rai & Nhat, Thuy Si, Anh, Puec,... Cac san
pham cua pultrusion thudng c6 dang dng hay thanh va dwoc dung trong ky thuat dién,

chong an mon.
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Pultrusion
Cut-off
Hdw
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Resin bath
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Hinh 10. K§¥ thuét pultrusion.
3.THUC NGHIEM

3.1. Héa chit va dung cu

Chat réc khuon: Chat réc khudn thuong dugc sir dung 1a wax (nhu paraffin, dugc tong
hop tir ngudn nguyén liéu ddu mo) cé tac dung chéng nhya bam dinh trén khuon.

Gel coat: Get coat dugc str dung dé tao bé mat nhan bong cho vit ligu.

TETA (TriEthylene TetrAmin): chat dong ran.

Nhuya epoxy DGEBA: nhua nén dé ché tao composite nhua nhiét ran, dwong luong epoxy
1a 146.

Dung moi acetone hodc toluen: ngdm cg sau khi quét dé tranh co bi dong ran.

Soi thuy tinh: soi thay tinh loai E & dang mat hodc woven.

Khuon: Khudn duge lam tir nhiéu vat liéu khac nhau nhu kim loai, g0, thach cao...

Co son hodc cay lan son: dugc dung dé quét nhya 1én khuon.

Becher hoic ly nhya: pha héa chat.

3.2. Quy trinh ché tao composite bang k¥ thuat hand lay-up

Sau khi khuén duoc 1am sach can dit 1én gia d& hodc vi tri bang phang dé tién thao tac.
Boi chat roc khuon 1én khuon trude khi dat soi thiy tinh va quét nhya. Trong cong doan
nay phai cin than khong duge ding qua nhiéu chat boi tron khuén vi nhya ding trong k¥
thuat dip tay khi d6 s& khong bam dinh tot 1am cho san pham khong giit dugc trong
khuon. Thoa chét boi tron khudn that déu dé san pham khoi dinh vao khudn gay hu hong
bé mat.

Tinh luong nhua, chét dong ran va soi can dung.

Phun hodc quét gelcoat 1én bé mit khuon (néu co). Tuy thudc vao loai khudn, dién tich

ma gel coat c6 thé duoc quét hoic phun.
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Bit dau qua trinh dip. Dit 16p soi gia cudng va bat dau quét 16p nhwra dip 1én trén bé mit
gelcoat, tiép tuc quét nhua va dat 16p soi gia cudng tiép theo. Dung con lan hodc co dé
loai bo bot khi, dam bao lwong bot khi téi thiéu va kha nang tham wét t6i da.

Giai doan dong ran: C6 thé cho phép ding nhiét hodc duge xuc tién bang hoi néng hodc
anh sang mat troi. Cén than trong viéc diéu khién nhiét do, bsi vi néu nhiét do qua cao thi
s& giy ra su soi, két qua 1a hinh thanh bong bong khi va bién dang san pham trong khi
dap.

Khi san pham c6 d6 cimg ph hop thi dugc 1ay ra khoi khudn. C6 thé dung khi nén hodc
ap luc nudc dé g& san pham ra khoi khudn dé khong 1am hu bé mit san pham.

Lueu y: Mt s6 16i thwong gap trong ky thudt ddp tay

Bé mit xu xi: bé mat khong bong thich hop hodc bé mat khong duoc chuan bi dung, cac
tac chat khong dugc ap dung pht hop, bé mit bi ban trudce khi phun va dép.

Khuon khong bang phang va gon song.

Céc vét ran trong qua trinh dap.

Hién tuong rop hodc vd dén 16p dap: cac 16 xOp hinh thanh trong qua trinh san xuat
khuén: do nhya bi gel héa qua nhanh ngan can qua trinh bot khi thoat ra, sy tod nhiét qua
cao tao bot khi.

Su cong vénh: qué nhiéu 16p duoc dat mot lan hodc qua som trudc khi 16p trude do thAm
udt nhua.

Sau khi san pham d3 duogc tach ra khoi khuon, san pham s& dugc cat ra thanh it nhat 3
mau dé do d6 bén udn cia san pham (bai 6). Cac vat liéu c6 tinh chit ctng ran nhu nhya
nhiét rén, Poly Carbonate, nhuya ABS (Acrylonytrile-Butadiene-Styrene)... thuong duoc
kiém tra tinh chat co bang phuong phap do ubn va do va dap. Do bén udn duge do theo
tiéu chuan ASTM-D790. Mau duoc cét theo hinh chit nhat ¢6 kich thuéc 80mm x 25mm.
Kich thuét mau do do bén va dap duogc cit theo chuén ISO 179 (nhu bai 2).

Phdn phu thuc tip: bang nhitng phuong tién c6 san trong bai thyc tdp mdi nhom hiy tu

ché tao mot mo hinh bon chira hinh hop (mot mat day va 4 mat xung quanh) va mot mo
hinh dng hinh try tir vat liéu composite trong bai.
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