Nghién ciru khoa hoc cong nghé

CHAT TRAM POLYURETAN TREN CO SO CAO SU
POLYBUTADIEN CO HAI NHOM HYDROXYL PAU CUOI MACH

Ho Ngoc Minh*, Chu Chién Hiru, D6 Dinh Trung

Tom tit: T rong bai bdo nay, hé chat tram ddc biét trén co sé cao su butadien ¢
hai nhém hydroxyl cuéi mach (HTPB)dd dwoc ché tao thanh cong. Trong do, thanh
phan A (con goi la prepolyme), dwoc tong hop bang phan img cia HTPB voi
toluendiisoxyanat (TDI) trong moi truong khi tro ni to. Thanh phan B (chdt déng
rdan) duwoc ché tao tir hén hop cua polyoxypropylene triol véi 4,4-diamino-3,3-
dichlorodiphenylmethane, 4,4-diamino-3,3-dichloro triphenylmethane va cacbon
den. Anh huong ty I¢ TDI/HTPB lén dg bén co hoc cuia chat tram dwoc xdc dinh
theo s bién doi ciia do ben kéo. PG bén nhiét ciia mau dwoc danh gid bang phép
phdn tich nhiét (TGA). Vi cdu triic san pham dwoc nghién cuu boi pho hong ngoaqi
(FT-IR). Cdc két qua thu dwge chi ra rang da ché tao thanh cong chdt chat tram véi
dé bén co hoc cao.

Tir khoa: Polyuretan; HTPB; Do bén co hoc.
1. MO PAU

Chét tram va keo dan trén co s Polyuretan ngay cang dugc st dung rong rai trong cac
nganh c6ng nghiép tir dan dung dén an ninh-qudc phong, do ¢ nhiéu wru diém ndi bat nhur
kha nang dan hdi va hoi phuc tuyét voi ngay ca ¢ nhiét do thap, két dinh duoc voi hau hét
cac nén vat lidu, bén bi voi thoi tiét va hoa chat,... Chét tram PU duoc chia thanh hai loai:
mdt thanh phan va hai thanh phan. Trong d6, loai mot thanh phan véi cac nhom chirc chira
hidro linh déng nhu nhém amin hoic hydroxyl bi khoa, khi tiép xtic voi méi truong 4m
trong khong khi qua trinh thuy phan sé tao ra cac nhém chtrc can thiét phan tng véi nhom
isocyanat bat dau qua trinh dong ran, chat tram loai nay dugc uu tién st dung trong cong
nghiép keo dén, da gidy do wu diém: sir dung don gian khong can pha tron, gia thanh thap.
Loai hai thanh phan thudng c6 chit lugng cao hon han, gdm hai thanh phan riéng biét chi
duoc tron 1an trudce khi sir dung, duge wu tién dung tai cac vi tri can d6 bén cao[1-4].

Polybutadien ¢6 hai nhém hydroxyl dau cubi mach 1 cao su & dang long, khéi lugng
phan tir thip dugc sir dung chii yéu 1am chit két dinh cho nhién liéu tén lira [5-7]. Cao su
loai nay c6 kha ning duy tri tinh dan hoi tham chi & nhiét do rat thap, cach am tuyét voi va
bén ving trong cac moi trudong hoa chat khic nghiét. Viéc ché tao cac loai keo dan va chat
tram trén co s& cao su HTPB cho phép tao ra cac dong san pham chit luong cao vuot troi
ding cho linh vyc hang khong, hang hai da dugc néu 1én trong kha nhidu cong bd trén cac
tap chi uy tin [5, 8, 9]. Mac du s¢ hiru nhitng tinh chat wu viét nhu vy, nhung hién tai ¢
Viét Nam cé rat it nghién ciru vé vat liéu polyuretan trén co s HTPB. Bai bao nay tap
trung vao mot s6 két qua nghién ctru ché tao va khao sat cac tinh chét cia polyuretan trén
co s6 HTPB ché tao trong nudc.

2. THU'C NGHIEM VA PHUONG PHAP NGHIEN CUU

2.1. Héa chit

Polybutadien cé hai nhom hydroxyl & dau mach, do Vién Hoa hoc - Vit liéu ché tao véi
cac théng sb: Dang 16ng, khong mau: D6 nhét dong hoc & 20°C, cP: 8,2; Ham luong nhém
hydroxyl: 1,52 %, ky hi€¢u 1a HTPB.VH; Toluen 2,4-Diisocyanat (TDI) 80/20: Dow Chemical,
My¥; Chéat hoa rin O-32D.VH ciia Viét Nam do Vién HH-VL ché tao, dang long nhét, 1a hdn
hop cua 35% cia 4,4-diamino-3,3-diclorodiphenylmetan va 4,4-diamino-3,3-dicloro
triphenylmetan (ty 1€ mol 1:2) trong polyoxypropylen va 6% than den ky hi¢u O-32D.VH.
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2.2. Thuc nghiém

-T6 ong hop prepolyme: Qua trinh tong hop prepolye dugc thuc hién nhu sau: Can vao
binh céu 3 ¢6 dung tich 500ml 300g HTPB.VH, lap hé thong phan tng theo trinh tu: binh
cau, canh khudy, capila. Thong khi nito tao mai truong tro roi bat may khudy va bép dién.
Can lugng TDI theo céc ty 18 khao sat roi chuyen vao binh cau. Thuc hién phan mg ¢ cac

khoang nhiét do va thoi gian khac nhau dé dénh gi4 chat lugng ctia san pham prepolyme
tao thanh.

- Ché tao mdu chdt tram: Tron prepolyme di tong hop dugc véi chat dong rin O-
32D.VH theo ty 1& khéi lvong 100: 34 trong vong 3+5 phut, sau d6 db vao khuén, hut chan
khong dé loai bo bot khi. Pé mau ty dong ran trong 24h, roi séy mau & 70 °C trong 10h,
lam ngudi va luu mau trong 162h, trude khi dem gia cong xac dinh d bén co hoc va cac
dic trung hoa 1y. Qua trinh hoa rin prepolyme durge mé ta trén hinh 1.
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Hinh 1. Phan irng héa ran trong chat tram polyuretan.

2.3. Phwong phap nghién ciru
2.3.1. Phirong phdp phé hong ngoai

Xac dinh c4u tric cua Prepolyme tdng hop duoc bang phd FT-IR, trén may TENSOR II
(Brucker), 6 dang mang méng (tai Vién Ky Thuat Nhiét Doi).
2.3.2. Phirong phdp phan tich nhiét khoi hrong

Kha ning bén nhiét cia san phim bang phuong phap TGA, trén thiét bj NETZSCH
TGA 209F1 Libra trong khi nito, tir 30-500 °C véi toc d6 gia nhiét 10 °C/min. Phan tich

nhiét vi sai quét (DSC) ghi trén thiét bi NETZSCH DSC 204F1 trong khi nito, nhiét do
khao sat -150 °C dén 30 °C, toc do gia nhiét 10 °C/min
2.3.3. Phuwong phap xdc dinh ham lwong nhom isocyanat

Khdi luong duong lugng cua diisocyanat trong nghién ctru dugc xac dinh béng phuong
phéap chuan d6 ngugoc nhém isocyanat dua trén phuong phap thir trong ti€u chuan ASTM
D5155. N-Dibutylamin phan Gng véi isocyanat (hinh 2) lam giam lugng bazo tu do.
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Hinh 2. Phan ung gitta N-Dibutylamin va isocyanat.

Can khoang 0,3g mau vao binh nén, thém 25ml dung dich dich N-Dibutylamin (3% trong
butanone), day nip va khudy déu bang may khudy tir & nhiét d6 phong trong 30 phut, sau d6
thém 25ml isopropanol va chuan do bﬁng dung dich HCI1 0,1M véi chi thi bromocresol xanh
(1% trong EtOH), mau duoc chuan 3 1an lay két qua trung binh. Khéi lugng duong luong va
ham lugng % ctia nhdom isocyanat dugc tinh theo phuong trinh (1) va (2).

1000.m
Eniso = M(B —4) (1
100.M_yco 4200
% Isocyanat = En =Zn )
1SO I1SO

Trong do: Eniso 1a duong lugng nhom isocyanat (g/mol) ; m 1a khdi luong cua m;lu
(g); M la khéi luong mol cua HCI (g/mol) ; B la trung binh gia tri chuan do cia mau
trang; A 13 gia tri chudn d6 cuia mau san pham.

2.3.4. Phirong phdp xdc dinh dé bén co hoc

Do bén kéo dut do dan dai khi dat, dd dan dNu' cﬁ~a mau dugc xac ‘dinh th,eo ICVN
4509: 2003, thuc hién trén may Zwick (Puc), moi mau duogc kéo 06 lan va lay két qua
trung binh. B ciing dugc thuc hién theo TCVN 1595: 2003

3. KET QUA VA THAO LUAN
3.1. Anh huéng cia ty 18 HTPB.VH/TDI dén d bén co hoc ciia chét tram

Thanh phan prepolyme trong chat tram PU hai thanh phan c6 vi tri dic biét quan trong,
n6 quyét dinh toi viée sip xép cac doan ‘citng’ va ‘mém’ trong mach phan tir [10, 11]. Anh
hudng ty 16 HTPB.VH/TDI khi diéu ché prepolyme dén d6 bén co hoc ciia san pham chit
tram duoc danh gia thong qua do bén kéo dut, do dan dai dén dut va do cing. Két qua
trinh bay tai hinh 3.
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Hinh 3. Bo bénNkéo dut, do gian dai khi dut, do cung va do gian du
cua cac mau chat tram co ty I¢ HTPB.VH/TDI khdc nhau.
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Nhan thdy, khi ting dan ham luong TDI trong qué trinh ché tao prepolyme do bén kéo
dat va do clirng cia san phém tang manh, dat gia tri 16n nhét tai ty 16 HTPB.VH/TDI =
100: 15 song song véi d6 do dan du va do dan dai giam. O ty 16 HTPB.VH/TDI = 100: 11
méu c6 do bén kéo thap 1,13 MPa va do dan dai 16n 678 %, do lac nay luong TDI thap
chua chua du dé phan tGng hét voi cac nhom hydroxyl trong HTPB. VH tao thanh
prepolyme c6 hai nhom isocyanat d4u mach, dan t&i khi tron cung chat hoa rin 0-32D.VH
mau chit tram chi khau mach mot phan (chua triét dé) 1am d6 bén co hoc thap, d6 dan dai
cao, dong thoi kha ning hoi phu ciia miu kém, dic trung bang d6 dan du khé 16n dén 22
%. Dén ty 16 HTPB.VH/TDI = 100: 15 mau dat dugc do bén, do cting, do dan du ot nhét,
day 1a ty 18 thich hop gitta HTPB.VH va TDI dé thu dugc prepolyme hoan chinh véi hai
nhom isocyanat & dau mach, khi twong tic voi hydro linh dong trong amin cua dong rin
0-32D.VH s& tao thanh chat tram c6 do bén co hoc cao. Khi ty 1&¢ HTPB.VH/TDI = 100:
16 lac nay lwong TDI du hoat dong nhu mét tac nhan doc 1ap két hop trude cing nhom —
NH, va —OH trong chat dong rin tao thanh cac dang mach ngan, lam giam d¢ bén co hoc
cua vat liéu.

3.2. Anh huéng ciia thoi gian dén phan ing tong hop prepolyme

‘Trong prepolyme ham lugng nhém isocyanat la mot thong s rat quan trong mang tinh
chat quyét dinh dén phan tng dong ran. Anh huéng cua thoi gian dén qua trinh tong hop
prepolyme duoc khao sat ¢ ty 16 HTPB.VH: TDI = 100: 15, théng qua su bién d6i ham
lugng nhom isocyanat dugc chi ra tai hinh 4.
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Hinh 4. Sy bién doi ham lwong nhém isocyanat theo thoi gian phan ieng.

Két qua cho thfiy, sau 1 gio dau, ham lugng nhom isocyanat khoang 4,74 %, 3 gi¢ tiép
theo phan Gmg dién ra nhanh chong bi€u thi bang sy thay d6i nhi€u ham luong isocyanat
trong mau, dén 6 gio' sw bién d6i chdm déan twong Ung v6i giai doan phan ng béo hoa
(ham luong nhém isocyanat 3,31 %), luc nay TDI da tuong tac hét v6i cac nhom hydroxyl
trong HTPB.VH hinh thanh prepolyme c¢6 hai nhém isocyanat cu6i mach, sau do khong
ghi nhan sy thay d6i cia —-NCO trong hon hop.

3.3. Khio sat thoi gian bao quan ciia cic miu prepolyme.

Sau khi diéu ché dugc prepolyme & cac t@ 16 HTPB.VH: TDI khéc nhau, san phim du’gc
bdo quan ¢ nhiét do phong trong binh hit am. Theo doi thoi gian bdo quan ctia cac mau
qua sy chuyén trang thai tir 1ong nhét sang gel. Két qua dugc trinh bay trong bang 1. Nhan
thay, sau 1 thang cac mau prepolyme diéu ché dugce ¢ ty 1¢ HTPB.VH: TDI 1a 100:11;
100:13 ¢6 hién tuong gel hoa. Mau 100: 14 c6 thoi gian bao quan cao hon mét chut dugc 2
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thang sau d6 chuyén sang trang thai gel. Ddi v6i cac mau c6 ham luwgng TDI 16n hon, mau
100:15 va 100:16 thoi gian sdng cua san pham duoc cai thién 16 rét, dén 06 thang van giit
dugc trang thai long nhét, khong bi gel. Nhu vay, sy thay dbi ty 1€ nhom
hydroxyl/isocyanat da lam thay ddi thdi gian bao quan ctia dang prepolyme. Nguyén nhan
duogc giai thich do ¢ ty 1€ HTPB.VH: TDI nhé hon 100: 15 lic nay ham lugng nhém —
NCO/-OH < 1, nén prepolyme tao thanh chtra ddng thoi hai nhom chire trén, theo thoi gian
ching sé& tham gia phan tng kéo dai mach tao mang khong gian lam thoi gian bao quan
cua san pham thap. Khi ting ty 16 HTPB.VH va TDI dén 100: 15 luc nay TDI phan ing
vira da dé tao thanh prepolyme c6 hai nhém isocyanat dau mach, chinh diéu nay 1am cho
san pham c6 thoi gian bao quan dai hon khi khong c6 mat am.

Bing 1. Thoi gian bdo qudn cia cdc mdu prepolyme.

Thoi gian bao quan Mau
(thang) 100:11 100:13 100:14 100:15 100:16
<1 (6] (G (6] (6] (6]
1 - - () (6] (6]
2 - - () () ()
3 - - - (@) )
4 - - : () ()
5 - - - (@) (@)
6 - - - (@) )
Chu thich: (-) : MAu bi gel héa  (+) : Mau vén t6n tai & dang 1ong

3.4. X4c dinh dd bén nhiét ciia san pham chét tram

Sau khi héa rin kha nang bén nhiét cua cac chit tram dugc danh gia bang phuong phap
nhiét trong lugng (TGA), toc do gia nhiét 10 °C/phat tir 30 dén 600 °C trong mé1 trudng
N,. Két qua thu dugc trinh bay trong hinh 5.
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Hinh 5. Gian do phan tich nhiét mau chat tram véi ty 1é HTPB.VH/TDI khdc nhau.
Qua cac gian d6 thu dugc, cho thay & cac ty 1é TDI va HTPB.VH khac nhau, sau khi

két hop cung hoa rin do bén nhiét cua san pham c6 su thay d6i dang k& miu 100:11 c6
nhiét d6 bat dau phan hiy (253,6 °C) va nhiét o phan hiy cuc dai (451,2 °C) thap nhét,
hai nhiét d6 nay tiang dan khi tang lugng TDI phan tng, mau 100: 15 c¢6 nhiét ¢ bt dau
phan hity (315,5 °C) va nhiét d6 phan hay cyc dai (470,1 °C) 16n nhét khi ting dén 16 %
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TDI khong ghi nhan thay sy ting do bén nhiét. Nguyén nhan lién quan chit ché dén mat
d6 khau mang khong gian trong hé, ¢ ty 1& TDI thiap ham luong nhom isocyanat trong
prepolyme nhé hon so véi cac nhom amin va hydroxyl trong chat hoa rin dan dén mat do
khau mang thap, dan dén hé co6 d6 bén nhiét va bén co hoc thip. prepolyme 100: 15 c6
ham lugng nhom isocyanat phan bd déu & hai dau mach polyme, ty 1& ctia chung so véi
cac nhom chire trong héa rin thich hop dé tao thanh hé c6 mat d6 khau mang cao lam cho
d6 bén nhiét va bén co hoc cta chit tram cao hon. Cac miu déu ghi nhan nhiét do phan
hily cuc dai trong khoang 400-500 °C twong tmg v&i qué trinh dirt gdy mach polyme &
nhiét d6 cao. Lon hon 500 °C cac mau bi phan hiy hoan toan véi lugng tro con lai rat thép
khoang 3+4 %.
3.5. CAu tric san phim

Céu triic ctia nguyén liéu dau va san pham dugc xac dinh bang phwong phap pho hong
ngoai. Két qua duoc chi ra trén hinh 6.
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Hinh 6. Phé hong ngoai ciia san pham prepolyme ty 1¢ 100:15, TDI va HTPB.VH.

Tir phd hdng ngoai cho thiy, v6i cao su HTPB.VH xuét hién pic hip thy dic trung cho
dao dong cua cac nhom chirc trong polyme nay cu thé nhu sau: Pic hap thu c6 cuong do
nho tai 3384,87 cm™ kha rong dac trung cho dao dong hoa tri cia lién két —OH. Pic hép
thu tai 3005,43 cm™ do dao ddng hoa tri cia lién két C—H no trong polyme. Pic hép thy tai
1437,18 cm™ dic trung cho dao dong bién dang cua nhom CH, trong mach dai phan tir
butadien. Cac Pic héip thu tai 966,27 cm™; 911,29 cm™'; 722,94 cm™' 1a dao dong hoa tri ciia
cac dong phan cis, trans va vinyl trong HTPB.VH. Ddi v6i san phim prepolyme xuat hién
pic hip thu 16n, nhon tai 2269,85 cm™, dic trung cho dao dong héa tri ciia cia nhom
isocyanat -NCO va mdt pic méi & 1703 cm™ dic trung cho nhom cacboxyl (>C=0) vira
tao ra, twong g vo6i qué trinh phén Gmg ctia nhom TDI véi nhom chirc hydroxyl trong
cao su HTPB.VH tao thanh lién két uretan (-<CONH-). So d6 phan tng nhu hinh 7.
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Hinh 7. Phan uing cua HTPB.VH véi Toluen diisocyanat.
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Sau khi két hop voi chét hoa ran, phé hong ngoai cho thdy nhém isocyanat tai vi tri
2269,85 cm’ ctia prepolyme khong con chimg té qua trinh déng rin dd xdy ra triét dé,
ddng thoi xudt hién thém pic hap thu tai 3424 cm™ dic trung cho dao dong cua lién két —
N-H trong ure tan (-COONH-) va ure (-NH-CO-NH) dugc tao thanh (hinh 1), va pic hdp
thu tai 1700 cm™, dic trung cho nhom cacboxyl véi cuong do manh. Nhu vay, két qua phé
hdng ngoai cho thiy qua trinh phan tmg giita cao su HTPB.VH va TDI dién ra thuan loi,
hinh thanh dang prepolyme c6 hai nhom isocyanat & cudi mach ding lam chat trung gian
cho qua trinh ché tao chét tram, qua trinh hoa ran duoc déc trung boi su bién mat cua pic
hép thu nhom isocyanat trén phd hdng ngoai.

4. KET LUAN

Di khao sat va diéu ché thanh cong thanh phan prepolyme tir cao su HTPB.VH va TDI
san pham tao thanh ¢ dang 16ng, c6 ham luong nhém isocyanat 3,2% thich hop cho ché
tao chat tram hai thanh phan.

Prepolyme véi ty 1&6 TDI va HTPB.VH nho hon 14: 100 c6 thoi gian séng ngén chi luu
trlt dugc tai nhiét do phong nhé hon 1 thang. Véi cac mau co ty 1€ HTPB.VH: TDI I6n
hon 100:14 thoi gian bao quan mau duoc 1au hon, trén 06 thang mau chi tang nhe do nhot.

Chét tram ché tao dugc co d6 bén co hoc sau hoa ran tang cung vdi sy tang cua ham
luong TDI tham gia phan tung tao prepolyme va dat cuc dai tai ty I¢ HTPB.VH: TDI la
100: 15 véi do bén kéo dut dat 5,35 MPa; do dan dai khi dut 302 %; do dan du 5 %, do cung
70 Shore A.
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Hoa hoc & Ky thudt moi truong

ABSTRACT
POLYURETHANE SEALANT BASED ON HYDROXYL-TEMINATED POLYBUTADIENE

In this paper, a special two-component polyurethane sealant based on hydroxy-
terminated polybutadiene (HTPB) has been prepared. Component A, known as
prepolymer, is synthesized by the reaction of HTPB with toluene diisocyanate (TDI)
in an inert gas (nitrogen). Component B, known as a hardener, is a mixture of a
polyol  (polyoxypropylene triol) as a crosslinker and 4,4-diamino-3,3-
dichlorodiphenylmethane and 4,4-diamino-3,3-dichloro triphenylmethane as chain
extenders and fillers. Effect of TDI/HTPB ratio on mechanical properties of the
sealant has been measured according to tensile strength. Thermal behaviour of the
sealants was determined by thermogravimetric analysis methods. Finally, the
microstructure of the prepolymer and were studied by Fourier Transform Infrared
(FT-IR). The obtained results showed that high performance sealant was successful.

Keywords: Polyurethane; HTPB; Mechanical strength.
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