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(57) Sang ché dé cap dén phuong phap tai gia cong vat pham gdc thity tinh duoc
trao doi ion chira lithi. Phuong phap nay bao gdm qua trinh trao ddi ion nguoc dé
dua vat pham gdc thuy tinh trd lai gan nhu hop phan cua thuy tinh ma vat pham

géc thuy tinh duoc tao ra tir do, trude khi duge cho tién hanh trao d6i ion.

~ @ = Trao ddi ion nguge: 3% NaNOy, 17% LiNO,
- &~ Trao d&i bon nguge: 41,5% NaNO,, 8,5% LiNO,, 50% Ca(NOy),
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Linh viee k§ thuat dwoe dé cap

Sang ché d& cap dén quy trinh 1am déo ngugc qué trinh trao ddi ion cua vat

phim gbc thity tinh chira lithi.
Tinh trang ky thuit ciia sang ché

Vit phdm gdc thuy tinh dwoc st dung rong rai trong cac thiét bi dién tir 1am tdm
phu hodc cira sé cho céc thiét b truyén thong va giai tri dién tir di dong hodc cam tay,
nhu dién thoai di dong, dién thoai thong minh, may tinh bang, cac thiét bi quay video,
cac thiét bi dau cubi thong tin, may tinh x4ch tay, va cac thiét bi twong tu, cling nhu
trong cac tmg dung khac. Vi cac vat phdm gdc thily tinh dang ngdy cang duoc st dung
rong rdi hon, nén didu quan trong 13 cin phét trién cac vat pham gbc thiy tinh gia
cudng c6 dd bén duoc cai thién, nhat 12 khi phai chiu Gmg suét kéo va/hodc cac vét ran

twong doi sau do tiép xic véi cac b€ mét cling va’hodc nhon.

Qua4 trinh xir 1y gia cudong héa hoc c6 thé khién cho cc vat phdm gbe thay tinh
bi cac khuyét tat bé mat, nhu cac vét cao xuéc hoic bién dang Gng suit khong mong
mudn. Déi véi cac 1y do kinh té, t6t hon 1a tai gia cong cac vat pham gbe thiy tinh bi
cac khuyét tat nhu vay dé gia ting hiéu suit ctia vat pham gbc thuy tinh gia cuong véi
cac dic tinh mong mudn. Tuy nhién, vi€c loai bo vat li€u ra khédi bé mat cua vat phém
gbc thuy tinh gia cudong doi hoi can phai tai trao dbi ion vét lidu dé dat dugc cac dic
diém tng suat nén bé mit mong mudn, cac thao tac niy co thé gay ra nhiing thay ddi
vé& kich thude khong mong mudn hodc su cong vénh vat phdm gde thay tinh. Ngoai ra,
budrc tai trao d6i ion c6 thé gay ra sy khuéch tan bén trong khéng mong mudn cua cac
jon dugc dua vao trong qué trinh gia cudng héa hoc va 1am giam tmg suit trong vét
pham gbc thity tinh. Do d6, nhu cau cin c6 mdt quy trinh 1am gia ting hiéu suit cua
cac vt phim gia cuong héa hoc bang cach cho phép tai gia cong cac vat pham gbc
thuy tinh gia cuong hoa hoc c6 bién dang tng suét hodc cac khuyét tat bé mit khong
mong muén sao cho vét phdm gbc thuy tinh thu duoc thé hién bién dang ung suit va

ung suat nén bé mat mong muon.
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Ban chit k§ thuit ciia sing ché

Theo khia canh (1), sang ché d& cap dén phuong phap. Phuong phap nay bao
gbém: buéc trao d6i ion nguoc ¢ vat pham gbc thity tinh dugc trao d6i ion trong moi
truong trao dbi ion nguoc dé tao ra vat phém géc thuy tinh duogc trao ddi ion nguoc.
Moi trudng trao ddi ion nguge chira mudi lithi va mudi kim loai da hoéa tri khong thé
trao ddi ion.

Theo khia canh (2), phuong phép theo khia canh (1) dugc d& cap, trong d6 mudi
lithi 12 lithi nitrat.

Theo khia canh (3), phuong phap theo khia canh (1) hodc (2) duoc dé cap, trong
d6 mudi kim loai da hoa tri khong thé trao ddi ion bao gom it nhit mot trong s nitrat,
sulfat, va clorua.

Theo khia canh (4), phuong phép theo khia canh bét ky trong sb cac khia canh
néu trén duoc d& cap, trong d6 mudi kim loai da héa tri khong thé trao dbi ion bao gdbm
it nhat mot trong sb canxi nitrat, magie nitrat, va stronti nitrat.

Theo khia canh (5), phuong phép theo khia canh bét ky trong sb cac khia canh
néu trén dugc dé cap, trong d6 moi trudong trao dbi ion ngugc chira mubi kim loai da
hoa tri khong thé trao ddi ion véi lugng 16n hon hodc bang 5% khéi lwong.

Theo khia canh (6), phuong phép theo khia canh bat ky trong sb cac khia canh
néu trén dugce dé cap, trong d6 mdi trudng trao dbi ion nguge chira mudi kim loai da
hoa tri khong thé trao ddi ion v6i lugng 16n hon hogc bang 50% khéi lwong.

Theo khia canh (7), phuong phép theo khia canh bét ky trong sb cac khia canh
néu trén duoc dé cép, trong d6 mdi trudong trao dbi ion nguoc chira mudi kim loai da
héa tri khong thé trao ddi ion vé6i lwong nhd hon hogc bang 80% khéi lrong.

Theo khia canh (8), phwong phép theo khia canh bét ky trong s cac khia canh
néu trén duogc dé cap, trong d6 mdi truong trao ddi ion nguoc con chira thém mudi
natri.

Theo khia canh (9), phuong phéap theo khia canh (8) dugc dé cép, trong dé ty 1&

ciia muoi lithi trén mudi natri trong moi trudng trao doi ion nguge nam trong khoang
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10% ty 1é ctia ham lwong lithi oxit trén natri oxit ¢ trung tdm cua vat phim gdc thuy

tinh duoc trao ddi ion.

Theo khia canh (10), phuong phép theo khia canh bét ky trong sd cac khia canh
néu trén duoc dé cap, trong d6 moi truong trao dbi ion nguoc la & nhiét do nam trong

khoang tir 16n hon hozc bing 340°C dén nhé hon hodc bang 520°C.

Theo khia canh (11), phuong phap theo khia canh bét ky trong sd cac khia canh
néu trén dugc dé cép, trong d6 mdi trudng trao d6i ion nguoc chua kali nitrat voi

lwong nho hon hodc bang 1% khéi luong.

Theo khia canh (12), phuong phap theo khia canh bat k¥ trong s cac khia canh
néu trén dugc dé cép, trong d6 moi trudong trao d6i ion nguoc vé co ban khong chira

kali nitrat.

Theo khia canh (13), phuong phép theo khia canh bét ky trong s cac khia canh
néu trén duogc dé cap, trong d6 qua trinh trao dbi ion nguoc trong moi trudng trao doi
ion nguoc kéo dai trong khoang thoi gian tir 16n hon hodc bing 1 gio' dén nho hon

hodc bang 48 gio.

Theo khia canh (14), phuong phap theo khia canh bat ky trong sd cac khia canh
néu trén dugc dé cap, trong d6 vat pham gbc thiy tinh duge trao dbi ion nguoc chira
K>O vé6i lugng nam trong khoang 1% mol cua hop phén & trung tAm clia vat pham gbc
thuy tinh dwoc trao d6i ion ngugc sau khi trao dbi ion nguogc trong moi truong trao doi

ion ngugec.

Theo khia canh (15), sang ché d& cap dén phwong phéap. Phuong phap nay bao
gbm: buédc trao dbi ion nguoc & vat pham gdc thuy tinh duge trao d6i ion trong mdi
truong trao d6i ion nguge thir nhit; va budc trao ddi ion nguoc & vat phdm gde thiy
tinh dugc trao dbi ion trong mdi trudng trao ddi ion nguge thir hai dé tao ra vat pham
gbc thuy tinh duge trao dbi ion ngugc. Moi trudng trao d6i ion ngugc thir nhét chira
mubi natri, va moi truong trao dbdi ion ngugc thi hai chira mudi natri va mubi lithi.

Theo khia canh (16), phuong phap theo khia canh (15) duoc dé cap, trong d6

moi trudng trao doi ion nguge thir hai con chira thém mudi kim loai da hoa tri khong

thé trao doi ion.
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Theo khia canh (17), phuong phap theo khia canh (16) dugc dé cap, trong do
mudi kim loai da hoa tri khong thé trao dbi ion bao gbm it nhét mot trong sd nitrat,

sulfat, va clorua.

Theo khia canh (18), phuong phap theo khia canh (16) hodc (17) duoc dé cap,
trong do mudi kim loai da hoa tri khong thé trao dbi ion bao gff)m it nhat mot trong s6

canxi nitrat, magie nitrat, va stronti nitrat.

Theo khia canh (19), phuong phap theo khia canh bét ky trong s cac khia canh
tir (16) dén (18) duoc d& cap, trong d6 mdi trudng trao dbi ion ngugc tht hai chua
mudi kim loai da hoa tri khong thé trao ddi ion v6i lugng 16n hon hodc bang 5% khdi

lugng.

Theo khia canh (20), phuwong phap theo khia canh bét ky trong s cc khia canh
tir (15) dén (19) dugc dé cap, trong d6 mudi natri trong moi truong trao ddi ion nguoc

thr nhat 14 natri nitrat.

Theo khia canh (21), phuong phap theo khia canh bét ky trong s cac khia canh
tir (15) dén (20) duoc dé cp, trong d6 mubi lithi trong mdi trudng trao doi ion nguge

thir hai la lithi nitrat.

Theo khia canh (22), phuong phap theo khia canh bét ky trong s6 cac khia canh
tir (15) dén (21) duoc dé cap, trong d6 mudi natri trong moi truong trao d6i ion nguoc

thr hai la natri nitrat.

Theo khia canh (23), phuong phép theo khia canh bét ky trong s cac khia canh
tir (15) dén (22) duoc @& cap, trong d6 mdi trudng trao d6i ion nguoc thir nhét 1a &
nhiét dd nam trong khoang tir 16n hon hoic bang 400°C dén nho hon hoic bang
420°C.

Theo khia canh (24), phuong phép theo khia canh bét k¥ trong s cac khia canh
tir (15) dén (23) duoc dé cap, trong d6 qua trinh trao d6i ion nguoc trong mdi trudng
trao ddi ion ngugc thir nhit kéo dai trong khoang thoi gian tr 16n hon hodc bang 5
phut dén nhé hon hodc bang 24 gio.

Theo khia canh (25), phuong phap theo khia canh bét ky trong s cac khia canh

tir (15) dén (24) duoc dé cap, trong d6 qué trinh trao dbi ion ngugc trong mdi truong
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trao dbi ion ngugc thir nhat kéo dai trong khoang thoi gian it hon mét nira tong thoi

gian trao doi ion trong cac moi truong trao doi ion nguoc thir nhat va thir hai.

Theo khia canh (26), phuong phap theo khia canh bat ky trong sd cac khia canh
tir (15) dén (25) dugc dé cép, trong d6 qud trinh trao dbi ion ngugc trong moi trudng
trao ddi ion thir hai 13 & nhiét do nim trong khoang tir 16n hon hodc bang 380°C dén

nhé hon hodc bang 400°C.

Theo khia canh (27), phuong phép theo khia canh bét ky trong sd cac khia canh
tir (15) dén (26) duoc dé cap, trong d6 qua trinh trao d6i ion nguogc trong moi trudng
trao d6i ion nguogc thir hai kéo dai trong khoang thoi gian 16n hon hodc bang mot nira

tong thoi gian trao ddi ion trong cac méi truong trao dbi ion ngugc thir nhét va thr hai.

Theo khia canh (28), phuong phép theo khia canh bét ky trong sd cac khia canh
tir (15) dén (27) duge dé cap, trong d6 vat phdm gdc thity tinh dugc trao doi ion chira
K20 v6i lugng nam trong khoang 4% mol cta hop phén & trung tAm cua vat phim gbc
thuy tinh dugc trao dbi ion sau khi trao d6i ion ngugc trong moi trudng trao dbi ion

nguoc thir nhat.

Theo khia canh (29), phuong phép theo khia canh bét ky trong s cac khia canh
tir (15) dén (28) duogc dé cap, trong d6 vat pham gdc thiy tinh dugc trao d6i ion nguoc
chira K20 v6i luong nam trong khoang 1% mol cta hop phan & trung tim cua vat
phim gdc thiy tinh duge trao d6i ion nguoc sau khi trao ddi ion ngugc trong moi

trudng trao doi ion nguoc thtt hai.

Theo khia canh (30), phuong phép theo khia canh bét ky trong sd cac khia canh
tir (15) dén (29) dwgc dé cap, trong d6 méi trudng trao d6i ion nguogc thir nhit con
chira thém kali.

Theo khia canh (31), phuong phéap theo khia canh bét ky trong s cac khia canh
tir (15) dén (30) duogc dé cép, trong d6 moi truong trao d6i ion ngugc thir nhat con
chira KNOs v6i lwong 16n hon hodc bang 6% khéi lugng.

Theo khia canh (32), phuong phép theo khia canh bét ky trong s6 cac khia canh
tir (15) dén (31) duoc dé cép, trong d6 mai trudong trao d6i ion nguoc thi nhét c6 ty 1&

Na/Li 16n hon ty 16 Na/Li ctia méi truong trao ddi ion nguge thi hai.
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Theo khia canh (33), phuong phap theo khia canh bét ky trong sb cac khia canh
néu trén duoc dé cap, con bao gdm budc loai bé khoang tir 1 um dén 10 um ra khoi bé

mat cua vét phdm gbc thity tinh duge trao dbi ion ngugc.

Theo khia canh (34), phuong phap theo khia canh bét ky trong sb cac khia canh
néu trén duoc d& cip, con bao gdm bude téi trao ddi ion & vat phdm gbc thity tinh duoc
trao ddi ion nguoc trong moi truong tai trao ddi ion dé tao ra vat phim gdc thuy tinh

duoc tai trao doi ion.

Theo khia canh (35), phuong phép theo khia canh (34) duoc dé cap, trong d6
mdi trudng tai trao ddi ion chira: NaNOs v6i lugng tir 16n hon hodc bang 15% khdi
lwong dén nhé hon hodc bing 40% khdi lugng; va KNOs véi lugng tir 16n hon hodc
bang 60% khdi luong dén nhé hon hoac bang 85% khéi lugng.

Theo khia canh (36), phuong phép theo khia canh (34) hodc (35) duoc dé cap,
trong d6 qua trinh tai trao dbi ion trong mdi trudng tai trao dbi ion kéo dai trong
khoang thoi gian tir 16n hon hodc bing 30 phut dén nhé hon hodc bang 120 phut.

Theo khia canh (37), phuong phap theo khia canh bét ky trong sd cac khia canh
tir (34) dén (36) duge dé cap, trong d6 mdi trudong tai trao dbi ion 12 & nhigt do ndm
trong khoang tir [6n hon hoac bang 350°C dén nhé hon hodc bang 420°C.

Theo khia canh (38), phuong phap theo khia canh bét ky trong s cac khia canh
tir (34) dén (37) duoc dé cap, con bao gbm budc tai trao d6i ion & vat pham gbc thiy
tinh duoc tai trao ddi ion trong méi trudng tai trao dbi ion thir hai.

Theo khia canh (39), phuong phap theo khia canh (38) duoc dé cap, trong do6
moi trudng tai trao ddi ion thir hai chira: NaNOs v6i lugng tir 16n hon hogc bang 3%
khdi lwong dén nho hon hodc bing 15% khéi lwong; va KNOs véi lugng tir 16n hon
hodc bing 85% khdi luong dén nhd hon hodc bang 97% khéi lugng.

Theo khia canh (40), phuong phap theo khia canh (38) hodc (39) dugc dé cap,
trong d6 moi trudng tai trao dbi ion thi hai la & nhiét do nim trong khoang tir 16n hon
hoidc bang 350°C dén nho hon hoic bang 420 °C.

Theo khia canh (41), phuong phép theo khia canh bét ky trong s6 cac khia canh

tir (38) dén (40) dugc dé cap, trong d6 qua trinh tdi trao dbi ion trong moi trudng tai
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trao d6i ion thu hai kéo dai trong khoang thoi gian tr 16n hon hodc bang 10 phut dén

nhé hon hodc bang 30 phut.

Theo khia canh (42), phuong phéap theo khia canh bét ky trong sb cac khia canh
néu trén duoc dé cap, con bao gdm thém budc trao ddi ion & vat phim gdc thay tinh

trong méi trudng trao d6i ion dé tao ra vat phdm gdc thay tinh dugc trao d6i ion.

Theo khia canh (43), phuong phéap theo khia canh (42) dugc dé cap, trong do
mdi trudng trao ddi ion chira: NaNOj3 véi lugng tir 16n hon hodc bang 15% khdi luong
dén nho hon hodc bing 40% khéi lwong; va KNOs véi lugng tir 16n hon hodc bang
60% khdi lugng dén nhé hon hodc bang 85% khéi luong.

Theo khia canh (44), phuong phap theo khia canh (42) hodc (43) duoc dé cap,
trong d6 qua trinh trao dbi ion trong mdi trudng trao dbi ion kéo dai trong khoang thoi

gian tr 16n hon hodc bang 30 phtt dén nhé hon hodc bing 120 phit.

Theo khia canh (45), phuong phéap theo khia canh bét ky trong sb cac khia canh
tir (42) dén (44) duge dé cap, trong d6 moi truong trao d6i ion 13 & nhiét do nam trong

khoang tir 16n hon hodc bing 350°C dén nho hon hodc bang 420°C.

Theo khia canh (46), phuong phap theo khia canh bét ky trong sd cac khia canh
tir (42) dén (45) duoc dé cap, con bao gdm thém budc trao d6i ion & vat phim gdc

thiy tinh dugc trao ddi ion trong méi truong trao d6i ion thit hai.

Theo khia canh (47), phuong phép theo khia canh (46) dugc dé cap, trong do6
moi truong trao ddi ion thit hai chira: NaNOs vé6i lugng tir 16n hon hodc bang 3% khdi
lugng dén nho hon hoic b?ing 15% khbi lurong; va KNO3 véi lugng tir 16n hon hodc
bing 85% khéi lrong dén nhé hon hodc bang 97% khéi lugng.

Theo khia canh (48), phuong phéap theo khia canh (46) hodc (47) duoc dé cap,
trong d6 méi truong trao doi ion thir hai 1a & nhiét do nim trong khoang tir 16n hon
hodc bang 350°C dén nho hon hodc bang 420°C.

Theo khia canh (49), phuong phap theo khia canh bat ky trong s6 cac khia canh
tir (46) dén (48) duoc dé cap, trong d6 qua trinh trao d6i ion trong méi trudng trao doi
ion thtt hai kéo dai trong khoang thoi gian tir 16n hon hodc bang 10 phut d&én nhé hon
hoic bang 30 phut.
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Theo khia canh (50), phuong phap theo khia canh bat ky trong s6 cac khia canh

néu trén duge dé cap, trong d6 vat pham gbc thuy tinh dugce trao d6i ion chura lithi.

Theo khia canh (51), vat phém géc thuy tinh duogc trao ddi ion nguoc dugc tao

ra theo khia canh bat ky trong s6 cac khia canh néu trén dugc dé cap.

Céc khia canh nay va céc khia canh khac, cac wu diém, va cic dau hi€u noi bat
s& tré nén rd rang tir phan mo ta chi tiét dudi day, cac hinh vé két hop, va cac yéu cau
bao hd kem theo.
M6 ta van tat cac hinh vé

Fig. 1 1a mat cat ngang dudi dang biéu dd cua vat phim gdc thiy tinh nhom

silicat kiém gia cuong theo mdt hodc nhiéu phuong 4n;
Fig. 2 1a luu d6 vé quy trinh san xuét vat pham gdc thiy tinh dugc trao dbi ion;
Fig. 3 1a luu d6 vé quy trinh ti gia cong bao gbm qué trinh trao d6i ion nguoc;
Fig. 4 1a hinh chiéu bang tir phia trude dudi dang so dd cua san pham dién tir
tiéu ding bao gdbm mot hozc nhiéu phuong 4n vé cac vat phiam gdc thiy tinh nhom
silicat kiém dugc mo ta & day;
Fig. 5 1a hinh chiéu phdi canh dudi dang so d6 ciia san phdm dién tir tiéu dung

trén Fig. 4;

Fig. 6 1a d6 thi v& phan trim khéi lugng gia ting duéi dang mot ham cia cac xir

ly trao doi ion theo cac phuong an va cic vi du so sanh;

Fig. 7 1a d6 thi ctia ndng d6 Na,O dué6i dang mdt ham vé do sdu sau qué trinh
trao d6i ion, sau quy trinh tai gia cong chuén va sau quy trinh tai gia cong bang

Ca(NO3), theo mot phuong éan;

Fig. 8 1a dd thi cua néng do LiO dudi dang mdt ham v& d6 sdu sau qua trinh
trao d6i ion, sau quy trinh tdi gia cong chudn va sau quy trinh tai gia cong bang
Ca(NOs3), theo mét phuong an; va

Fig. 9 1a dd thi cta ndng d6 K»O dudi dang mot ham vé d6 sdu sau qué trinh
trao d6i ion, sau quy trinh tdi gia cong chuin va sau quy trinh tai gia cong bang

Ca(NO3)2 theo mdt phuong an.
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M0 ta chi tiét sang ché

Trong phf?m md ta dudi day, cac ky tu vién dan giéng nhau biéu thi cac chi tiét
giéng nhau hodc twong tng trong toan bd cic hinh dugc thé hién trén cac hinh v&.
Ciing cén hiu ring, trir khi c6 quy dinh khac, cdc thuat nglt nhu “dinh,” “day,”
“huéng ra ngoai,” “hudng vao trong,” va cac thuat ngit twong tu la cac tr dung cho
thuén tién va khong duoc hiéu 1 cac thuat ngit giéi han. Trir khi c¢6 quy dinh khac,
khoang céc tri s, khi duogc néu, bao gdm ca cac gi6i han trén va gi6i han dudi cla
khoang nay ciing nhu cédc khoang bét ky giita chiing. Nhu duoc st dung trong ban md
ta nay, cac mao tu bat dinh (“a”, “an” trong ban mo ta tiéng Anh) va mao tir x4c dinh
twong tng (“the” trong ban mo ta tiéng Anh) c6 nghia 13 “it nhét mot” hodc “mot hodc
nhidu,” trir khi c6 quy dinh khac. Ciing cn hiéu rang cac ddu hiéu khac nhau dugc boc
16 trong ban mo ta ndy va cac hinh v& co thé duoc sir dung trong t6 hop bét ky va tat ca

céc to hop.

Nhu dugc st dung & day, thudt ngir “vat pham gbc thay tinh” duge sir dung
theo nghia rong nhét ctia thuat ngit ndy bao gbm bét ky vat thé nao dugc 1am hoan toan
hodc mot phan tir thity tinh, bao gdm ca gdm thuy tinh. Trir khi c6 quy dinh khéc, tat
c& cac thanh phin mo ta & day duoc biéu thi theo ty 1& phan trim mol (mol%), va cac

thanh phan cu thanh dugc cung cAp trén co s oxit.

Trr khi ¢6 quy dinh khéc, tit ca nhiét do dugc biéu thi theo dd Celsius (°C).
Nhu dugc st dung & ddy, thuat ngir “dd nhét duong pha long™ dé chi d6 nhét cta thiy
tinh néng chay & nhiét 40 duong pha 16ng, trong dé nhiét d6 duong pha long dé chi
nhiét d6 ma tai do, cc tinh thé trudc tién xudt hién khi thity tinh néng chay lanh xudng
tir nhiét 6 néng chay, hodc nhiét do ma tai do, cac tinh thé cudi cing néng chay khi

nhiét dd dugc tang 1€n tir nhiét do trong phong.

Luu ¥ rang, cic thuat ngit "vé& co ban" va "khoang" c6 thé dugc sit dung & day
dé biéu thi murc do khong chéc chin vdn c6 ma c6 thé 1a thudc tinh cua su so sanh dinh
luong, tri $6, s6 do hoic su biéu thi khac bét ky. Céc thuét ngit nay cling dugc su dung
& day dé biéu thi mc dd ma qua d6 su biéu thi dinh lugng 6 thé thay ddi so vé6i tham
chiéu duoc néu ma khong din dén su thay d6i vé chirc nang co so cua ddi twong tai

vén dé d6. Vi du, thity tinh ma “vé co ban khong chita K20 12 mot thuy tinh trong do,
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K>0 khéng duoc bb sung hodc két hop mot cach chi dong vao trong thuy tinh, nhung
¢6 thé c6 mat véi cac luong rat nho & dang tap chit. Dy dinh rﬁmg, khi tri s6 duge boc

16 & day sir dung phan bien doi “khoang,” thi tri s6 chinh xéc cling duge boc 10.

Ung suét nén (bao gdm ca mg suat nén bé mit) dugc do bang dung cu do tmg
suét bé mat (FSM) béng cach st dung cac dung cu co san trén thi truong nhu FSM-
6000, dugc san xuét boi Orihara Industrial Co., Ltd. (Japan). Céc s6 do g suét bé
mit phu thudc vao phép do chinh xdc cua hé s6 quang tng suit (stress optical
coefficient - SOC), vén lién quan téi tinh ludng chiét quang cta thity tinh. Sau do,
SOC dugc do theo quy trinh C (phuong phap dia thity tinh) duge md ta trong tai liéu
vé tiéu chuidn ASTM C770-16, véi tidu dé “Standard Test Method for Measurement of
Glass Stress-Optical Coefficient,” toan bd ndi dung cua tai li¢u néu trén dugc két hop
vao sang ché nay bang cach vién dan. Cac tri s6 ung sudt kéo hoic tmg suit kéo trung
tdm (CT) cuc dai duoc do bang cach st dung phéan cuc ké anh sang tan xa (scattered

light polariscope-SCALP) di biét trong linh vyc.

Nhu dugc su dung & day, d6 sau nén (DOC) nghia la 4§ sdu ma tai do, img suét
trong vét phdm gbc thiy tinh nhom silicat kiém gia cuong héa hoc dugc md ta & day
thay dbi tir nén sang kéo. DOC ¢6 thé dugc do bang FSM hoic phan cuc nghiém 4nh
sang tan xa (SCALP) tuy thudc vao viéc xur ly trao ddi ion. FSM duoc st dung dé do
DOC tai chd ung suét trong vét pham gbc thuy tinh duoc sinh ra bang cach trao do6i
céc ion kali trong vat phim gdc thity tinh. SCALP duoc st dung dé do DOC tai chd
ng sut duoc sinh ra bang cach trao dbi cac ion natri vao trong vat phim goc thiy
tinh. Tai chd mg suét trong vat pham gbc thuy tinh dugc sinh ra bang cach trao doi ca
ion kali va natri trong thiy tinh, DOC dugc do bang SCALP do tin rang d6 sdu trao
ddi ion natri biéu thi DOC va dd sau trao ddi cac ion kali biéu thi su thay dbi vé do 16n
clia ing sudt nén (nhung khong phai 1a sy thay d6i vé tng suét tir c6 khuynh huéng
nén thanh c6 khuynh huéng kéo); do siu trao dbi cac ion kali trong cac vat pham goc

thity tinh nay dugc do bang FSM.

Khi dé cap dén céac hinh v& n6i chung, can hic¢u rang nhitng ndi dung minh hoa
chi nhim muc dich mo ta cac phuong an cu thé va khong duoc du dinh d€ giéi han

sang ché hodc cac yéu cau bao ho kém theo. Cac hinh v& khong nhat thiét phai theo

10
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mot ty 1&, va cdc diu hiéu cu thé va cac hinh cu thé clia cac hinh v€ nay c6 thé duoc

thé hién theo cach phéng dai vé ty 1€ hodc duéi dang so dd dé rd rang va ngén gon.

Séng ché nay md ta cac phuong phép dung cho vét phim gbc thuy tinh trao ddi
ion ngugc. Vi du, phuong phap trao dbi ion ngugc co thé dugc st dung 1am mot phén
cla qua trinh tai gia cong vat pham gdc thuy tinh gia cuong héa hoc ma né thé hién
khuyét tat trong san XUuét. Khuyét tat c6 thé bao gém cac khuyét tat bé mat hodc bién
dang tng sudt khéng mong mudn. Cac khuyét tat bé mat c6 thé 1a két qua cta viéc xir
1y trong qué trinh san xuét va c6 thé bao gdbm céac vét cao xudr, vét 16m va vét rd. Bién
dang tng suit khong mong mudn c6 thé xuét phat tir cac diéu kién trao d6i ion ma

nam ngoai thong s6 k¥ thuat.

Céac khuyét tat bé mat c6 thé duge loai bé ra khéi vat phim gbc thiy tinh gia
cuong hoa hoc béng céch loai bo vat liéu ra khoi bé mit, nhu béng cach mai nhin hoic
khic an mon. Viéc loai bé nguyén liéu ra khéi bé mat clia vat phim gdc thiy tinh cling
loai bd mot phan vat pham gdc thuy tinh ma phan nay chiu tng suit nén. Do vy, vt
phim géc thiy tinh can phai dugc cho tién hanh trao dbi ion bd sung d¢ dat dugce bién
dang Gng suit mong mudn sau khi loai bé nguyén lidu ra khoéi bé mat. Viéc trao doi
ion bd sung co thé tac dong 4m tinh 1én do bén va do 6n dinh kich thudce cta vat phém
géc thuy tinh. Vi du, viéc trao dbi ion bd sung cO thé tao ra su khuéch tan bén trong va
sy giam Ung sut trong vat pham gbc thiy tinh, cling nhu dan dén su phat trién phan
ma n6 khién cho vét phdm gdc thiy tinh nam ngoai cac dung sai kich thuéc mong

muon.

Céac phuong phép duge mo ta & day bao gbdm ca budc trao d6i ion nguoc ding
dé dwa vét phidm gbc thiy tinh gia cudng héa hoc tro lai gin v6i hop phan cua vat
phim gbc thiy tinh trude khi trao dbi ion gia cuong héa hoc. Theo cac phuong an,
budce trao ddi ion nguoc st dung mdi trudng trao dbi ion nguoc chira mudi lithi va
mudi kim loai da héa tri khong thé trao ddi ion. Theo mot s6 phuong an, budc trao d6i
ion nguoc o thé sir dung quy trinh hai budc, trong d6 méi truong trao d6i ion nguoc
thir nhit chira mudi natri va méi truong trao dbi ion nguge tht hai chira mudi natri va
muébi lithi. Sau qué trinh trao dbi ion ngﬁ:oc, vét pham gbc thiy tinh c6 thé dugc xir ly

tlly y dé loai bo nguyén liéu ra khoi bé mat trude khi tai trao doi ion & vat pham goc
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thity tinh dé tao ra bién dang tng suat mong mudn. Vat phim gbc thiy tinh tai gia
cong c6 thé chira dinh chi s6 cao bi che phii ma dinh nay twong img v6i bién dang
ndéng dd K20 c6 phin ma trong d6 ndéng d6 KO gia ting t6i ndéng d6 K,0 cuc dai tai
chd, cho phép vét pham gbc thiy tinh tai gia cong khac biét voi vat pham gbc thiy tinh

khong dugc tai gia cong.

Mot quy trinh minh hoa trong san xuét vat pham gdc thity tinh gia cudng héa
hoc va xéc dinh xem céc phan c6 can tai gia cong hay khong duge minh hoa trén Fig.
2. Nhu dugc thé hién trén Fig. 2, quy trinh san xuét vat phim gdc thuy tinh c6 thé bao
gdm buéc cat xude tAm gbe thiy tinh duoc tao ra bang quy trinh nung chay, cit phoi
cac mép va/hodc tao thanh cic 16 & cac phén thu duorc, tlly ¥ tao hinh 3-D céc phén gia
cong va sau d6, mai nhin tly y cac mép va bé mit cua cac phan. Sau d6, cic phan
duoc gia cuong hoa hoc trong qua trinh trao dbi ion dé tao ra vét pham gdc thity tinh
duoc trao ddi ion. Sau do6, vat pham gbc thuy tinh dugc trao dbi ion tuy y duoc mai
nh&n dé loai bo dudi 1pm vat liéu tir mdi phia cua vt phim gbc thiy tinh dugc trao
dbi ion truéc khi kiém tra vat phdm gbc thuy tinh dé xac dinh xem liéu chung c6 dap
ung cac tiéu chuén san xuét hay khong. Cac phan ma khong dép tng céc tiéu chuén
mong mudn sau dé duge xtt Iy duéi dang tai gia cong dé gia tang hiéu suit cua quy
trinh san xuét. Cac phan co thé khong déap ung cac tiéu chudn san xuét do nhiéu Iy do,
nhu bao gdm cac khuyét tat bé mit hodc ¢ bién dang tng suat khong mong mudn.
Céac khuyét tat bé mat c6 thé duoc tao ra 12 két qua ciia viée xir Iy trong céc giai doan
khac nhau cta quy trinh san xuét. Sau khi kiém tra, cac phan ma khong dugc an dinh
tai gia cong c6 thé c6 16p phu va/hoic trang tri chéng dau van tay dugc phu 1én. Sau
do, cac phin dugc kiém tra lai duge xdc dinh xem liéu ching c6 dép tmg céc tiéu
chuén san xuét hay khong, va cac phin ma khong dép tmg céc tiéu chuin san xut

dugc xt Iy dudi dang tai gia cong.

Fig. 3 minh hoa phuong phép xt ly tai gia cong lam vi du. Theo mot s6 phuong
&n, mdt hodc nhiéu budc thé hién trén Fig. 3 khong dugc thuc hién. Theo mot sb
phuong &n, cac budc bd sung khong dugc thé hién trén Fig. 3 ¢6 thé duoc thuc hién
nhu mét phan cua phuwong phép xtt Iy tai gia cong. Phwong phép xi 1y téi gia cong bao
gbm budc trao ddi ion nguge & vat pham gdc thity tinh dugc trao d6i ion trong bé trao

di ion nguoc chira mudi lithi dé tao ra vt pham gdc thiy tinh dugc trao dbi ion
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nguoc. Néu cac vét phdm duoc trao dbi ion bao gdm sy trang tri, thi su trang tri c6 thé
duoc loai bo trude qué trinh trao d6i ion ngugc. Theo mot s6 phuong 4n, céc 16p pha
chéng diu vén tay (AF) khong can phai loai b truéc khi vat pham gdc thiy tinh dugc
trao ddi ion duoc cho tién hanh trao ddi ion nguge. Cac vat pham gbc thiy tinh dugc
trao ddi ion nguoc tuy y co thé dugc cho tién hanh mai nhan co hoc hoic khic an mon
hoéa hoc dé loai bo nguyén li¢u ra khoi bé mat cua vat phém géc thuy tinh dugc trao
dbi ion nguoc. Viéc loai bd vat li¢u ra khoi bé mit cta vat phém géc thuy tinh dugc
trao ddi ion nguoc cling ¢ thé loai bo ca cac khuyét tat bé mat. Sau do, vat phim gbc
thity tinh dugc trao do6i ion nguoc 6 thé duoc tai trao ddi ion trong bé tai trao ddi ion
dé tao ra vat pham gbc thay tinh dugce tai trao ddi ion. Sau d6, vat phidm gdc thiy tinh
dugc tai trao ddi ion duoc kiém tra dé x4c dinh xem phﬁn d6 c6 nam trong pham vi cac
tiéu chuén san xuit mong mudn hay khong. Lép phu chéng dau van tay va/hoic trang
tri sau d6 c6 thé duge phu 1én vat phidm gde thity tinh dugc tai trao dbi ion trude 1an
kiém tra cudi cung dé xac dinh xem phéan nay c6 nim trong céc tiéu chuin san Xuét

tiéu chuéan hay khong.

Qua trinh trao ddi ion ngugc loai bd cac ion ra khoi vat pham gbc thiy tinh
duoc trao dbi ion dé dua vat phdm gdc thuy tinh tré lai gan v6i trang thai trude khi
trao d6i ion. Thanh phin ciia moi truong trao ddi ion nguoc duge lva chon dé loai bo
céc ion dugc bd sung vao vat pham gbe thiy tinh trong qua trinh trao d6i ion. Vi du,
theo mdt s6 phuong 4n, nhung khong bi gii han &, khi vat pham gbc thuy tinh khong
dugc trao ddi ion chira Li>O va NayO, mdi trudng trao d6i ion nguoc ¢ thé chira
LiNO3; va NaNOs, véi cac lugng tuong ddi ctia LiNO3 va NaNO; dugce chon sao cho
su gia tang khoi lwong can bang cta vat phidm gdc thiy tinh khong dugc trao dbi ion
trong moi truong trao d6i ion nguoc 1a gan bang 0 hodc duong. Néu ham luong LiNO;
clia mdi truong trao d6i ion nguoc qué cao, thi lwgng du LiO2 ¢6 thé tich lily & bé mat
ctia vat pham gbc thiy tinh duge trao d6i ion ngugc, tao ra strc cing bé mit ma c6 thé
tao ra cac vét nit bé mit & vat pham gde thity tinh.

Theo cac phuong 4n, qua trinh trao ddi ion nguogc duoc tién hanh trong mot
bude. Moi truong trao d6i ion nguge st dung trong trao dbi ion nguoc mdt bude ¢ thé
chira muéi lithi va mudi kim loai da hoa tri khong thé trao d6i ion. M6i trudong trao do6i

ion nguoc c6 thé 1a bé mudi néng chay, va sau day s& dugc goi la bé trao doi ion
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nguoc cho don gian. Nhu dugce sir dung & day, “mubi kim loai da héa tri khong thé
trao dbi ion” dé chi mudi kim loai da hoa tri ma mudi nay vé co ban khong trai qua sy
trao dbi ion tai cac didu kién, thoi gian va nhiét do hoat dong, ctia bé trao di ion. V&
co ban khong trao ddi ion duge dic trung bsi do sau trao d6i du6i 1pm sau khi két
thic su tiép xtc v6i bé. N6i theo cach khac, ndng d¢ ctia kim loai da hoa tri 1 tuong tu
nhu néng do cua kim loai da hoa tri trong thanh ph.:?m duoc st dung dé tao ra vat phém
gbc thity tinh truée khi trao ddi ion & cac do sau 16n hon 1pm. Viéc dua mudi kim loai
da hoa tri khong thé trao ddi ion vao trong bé trao ddi ion nguoc cho phép giam thiéu
tdng lwong mudi lithi trong bé, trong khi duy tri dugc ty 1& ciia ham luong lithi trén cac
mudi khac trong bé & mitc mong mudn. Vi du, néu ty 1é6 mong mudn ciia NaNOs trén
LiNOs trong bé trao ddi ion nguoc 1a 4:1, bao gbm 50% khéi lwong mudi kim loai da
hoa tri khong thé trao d6i ion trong bé cho phép tong lugng ctia NaNOs3 va LiNO3

dugc gidm xudng mot nira trong khi duy tri dugc ty 1€ mong mudn.

Luong NaNOs va LiNOs gidm trong bé s& 1am giam bét chi phi ctia qua trinh
trao dbi ion nguoc bang cach lam giam lugng cac mudi lithi can thiét, nhitng hugng
mubi nay 1a tuong dbi dit d6. Nong do cic mudi lithi giam trong bé trao d6i ion nguoc
cling 1am giam sy that thoat lithi do kéo ra khi vat phim gdc thiy tinh duoc lay ra khoi
bé trao ddi ion nguoc, vi lugng kéo ra tuwong tu léy luong khir cua mubi lithi ra khoi
bé. Phin kéo ra d& cap dén mudi néng chay ma né dinh vao vat pham gbc thiy tinh va
cc chi tiét cb dinh giit vat phAm gbc thuy tinh khi chung dwoc 14y ra khoi bé mubi
nong chay. Ngoai ra, lugng LiNOs; thap hon trong bé trao dbi ion nguoc c¢6 thé lam
giam su thoat khi nito oxit do sy phan huy lithi nitrat & nhiét do cta bé trao ddi ion

nguoc, dan dén do an toan ting 1én.

Theo cac phwong 4n, mudi kim loai da héa tri khong thé trao ddi ion chira trong
bé trao ddi ion nguge c6 thé 1a mudi kim loai da hoa tri bat ky ma vé co ban khong trai
qua qua trinh trao ddi ion va hoa tan & nhiét do hoat dong cla bé. Cac mudi kim loai
da hoa tri khong thé trao dbi ion co thé dugce chon tir cac nitrat, sulfat, va clorua. Kim
loai trong mudi kim loai da hoa tri khong thé trao ddi ion c6 thé duge chon tir canxi,
kém, magie, thiéc, va dé)ng. Theo cac phuong én, mubi kim loai da hoa tri khong thé
trao ddi ion c6 thé bao gdm it nh4t mot trong sb canxi nitrat, magie nitrat, va stronti

nitrat.
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Bé trao doi ion nguoc c6 thé chira mubi kim loai da héa tri khong thé trao doi
ion v6i lwong thich hop bat ky. Theo cdc phuong 4n, bé trao ddi ion ngugc c6 thé chira
mubdi kim loai da hoa tri khong thé trao dbi ion v6i lugng 16n hon hodc bang 5% khéi
luong, nhu 16n hon hodc bang 10% khdi lugng, 16n hon hodc bang 15% khéi luong,
16n hon hodc bang 20% khéi lugng, 16n hon hodc bing 25% khéi lugng, 16n hon hodc
bing 30% khdi lvong, 16n hon hodc bing 35% khdi luong, 16n hon hodc bang 40%
khéi luong, 16n hon hodc béng 45% khoi lugng, 16n hon hodc béng 50% khdi lugng,
16n hon hoic bang 55% khdi lwgng, 16n hon hodc bang 60% khdi lugng, 16n hon hodc
b%lng 65% khdi lugng, 16n hon hoac béng 70% khbi lurong, hoac 16n hon hodc béng
75% khéi lugng. Theo cac phuong én, bé trao dbi ion nguoc c6 thé chira mubi kim loai
da hoa tri khong thé trao dbi ion vdi lurgng nhé hon hogc bang 80% khoi lvong, nhu
nhé hon hodc biang 75% khéi lugng, nho hon hodc bang 70% khéi luong, nhé hon
hodc bing 65% khdi luong, nhé hon hodc bing 60% khéi lwgng, nhé hon hodc bing
55% khéi lwong, nhd hon hodc biang 50% khéi lugng, nho hon hogc bang 45% khbi
lugng, nhd hon hodc bing 40% khéi lugng, nhé hon hogc bang 35% khdi lugng, nho
hon hodc bang 30% khéi luong, nhé hon hodc bing 25% khéi luong, nhé hon hodc
bing 20% khéi luong, nhé hon hodc bing 15% khdi lugng, hogc nhé hon hodc bing
10% khéi lwong. Theo céc phuong 4n, bé trao ddi ion nguogc co thé chira mudi kim loai
da hoa tri khong thé trao ddi ion trong khoang tir 16n hon hoac bang 5% khéi luong
dén nho hon hodc bang 80% khdi lugng, nhu tir 16n hon hodc bang 10% khdi luong
dén nhé hon hodc bing 75% khédi luong, tir 16n hon hodc bang 15% khéi lugng dén
nho hon hodc bing 70% khdi luong, tir 16n hon hodc bang 20% khéi lvong dén nho
hon hodc bing 65% khéi luong, tir 16n hon hodc bang 25% khéi lugng dén nhé hon
hoic bing 60% khéi luong, tir 16n hon hodc bang 30% khéi lugng dén nhé hon hogc
bing 55% khéi luong, tir 16n hon hodic biang 35% khéi lugng dén nhé hon hodc bing
50% khdi luong, hoc tir 16n hon hogc bing 40% khdi lugng dén nho hon hoic bing
45% khéi luong, va khoing bét ky va tat ca cac khoang phu dugc tao ra tir cac diém

cuOi néu trén.

Theo cac phuong 4n, mubi lithi trong bé trao ddi ion ngugc ¢6 the 1a lithi nitrat
(LiNO3). Theo cac phuong an, bé trao ddi ion nguoc co thé chia lugng thich hop bét

ky ctia mudi lithi du dé tao ra mirc do trao doi ion nguwoc mong muédn. Theo cac

15



45113 16/49

phuong an, bé trao ddi ion nguge c6 thé chtra LiNO; trong khoang tir 16n hon hoic
bing 3% khéi lugng dén nhoé hon hodc bing 40% khéi luong, nhu tir 16n hon hodc
bing 3% khéi luong dén nho hon hodc bing 33% khéi lugng, tir 16n hon hodc bing
5% khéi luong dén nhé hon hodc biang 30% khéi lugng, tir 16n hon hodc bang 10%
khéi lwong dén nhé hon hoic bing 25% khéi lwgng, hodc tir 16n hon hodc bang 15%
khéi lwong dén nhé hon hodc bang 20% khéi hrong, va khoang bét ky va tat ca cac

khoang phu dugc tao ra béi cdc diém cudi néu trén.

Theo céc phuong 4an, bé trao ddi ion nguoc c6 thé con chira mudi natri, nhu
natri nitrat (NaNOs). Bé trao d6i ion ngugc c6 thé chira NaNOs v6i lwong nam trong
khoéang tir 16n hon hodc bang 30% khéi lwong dén nhé hon hoic bang 95% khdi
lurong, nhu tir 16n hon hodc bang 35% khbi lugng dén nhé hon hodc biang 90% khbi
luong, tir 16n hon hodc bang 40% khdi lwong dén nho hon hodc bang 85% khdi lugng,
tir 16n hon hodc bing 45% khéi lugng dén nhé hon hodc bing 80% khdi lugng, tir 16n
hon ho#ic bang 50% khéi luong dén nhé hon hodc bang 75% khdi luong, tir 16n hon
hogc bing 55% khéi luong dén nhé hon hodc bang 70% khdi luong, hodc tir 16n hon
hoic bing 60% khéi luong dén nho hon hoic bing 65% khdi luong, va khoang bat ky

va tat ca cac khoang phu dugc tao ra boi cac diem cudi néu trén.

Theo mot sb phuong 4n, bé trao doi ion nguge c6 thé chua kali nitrat (KNO3).
KNOj5 trong bé trao ddi ion nguoc c6 thé 1a két qua cta cing bé trao dbi ion nguoc
duoc str dung cho nhiéu chu trinh trao d6i ion nguoc, voi va kali duge loai bo ra khoéi
vét phim gdc thiy tinh gay nhiém doc bé trao dbi ion nguoc. BE trao d6i ion nguoc c6
thé chira KNO; v6i lugng nhé hon hodc bang 5% khéi luong, nhu nhé hon hodc bang
1% khéi lugng KNOs. Bé trao d6i ion nguoc co thé v& co ban khong chira hodc chira

KNOs.

Thanh phin cua bé trao dbi ion nguge c6 thé dugc xé4c dinh dyua vao thanh phan
cta vt pham gdc thiy tinh trude khi trao ddi ion. Thanh phén thich hop ctia bé trao
ddi ion nguoc c6 thé duge xdc dinh dya vao ham luong Li2O va Na;O mong mudn
trong vat phdm gbc thily tinh. Vi du, lugng mudi lithi c6 thé dugc chon sao cho ty 18
ctia mudi lithi trén ham lwong ctia mubi natri trong bé trao ddi ion nguoc vé co ban

gidng nhu ty 1é ctia LiO trén Na,O trong thanh phén dua vao thiy tinh truéc khi trao
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dbi ion. Theo cac phurong an, ty 1€ cla mudi lithi trén mudi natri trong bé trao ddi ion
nguoc cé thé nam trong khoang 10% ty 1& cia Li>O trén Na,O trong hop phan dya vao
thity tinh trude khi trao dbi ion, nhu trong khoang 9%, trong khoang 8%, trong khoang
7%, trong khoang 6%, trong khoang 5%, trong khoang 4%, trong khoang 3%, trong
khoang 2%, hoac trong khoang 1%. Theo mdt s6 phuong 4n, ty 1¢ cla mudi lithi trén
mudi natri trong bé trao d6i ion ngugc 1a twong dwong véi ty 1€ ciia LixO trén NaxO
trong hop phan dwa vao thity tinh truée khi trao d6i ion. Hop phan ¢ phan trung tim
ctia vat phim gdc thiy tinh gia cudng hoa hoc c6 thé dugc sir dung 1am hop phan xap
xi ctia vt pham gdc thiy tinh trude khi trao ddi ion, nhu trong nhiéu quy trinh gia
cufmg hoa hoc, trung tdm cua vat pham gdc thity tinh khong trai qua su trao dbi ion

dang ké.

Qua trinh trao dbi ion nguge mot bude co thé bao gdm qué trinh trao ddi ion
nguogc cua vat pham gbc thuy tinh duge trao dbi ion trong bé trao d6i ion ngugc trong
khoéang thoi gian thich hop bét ky. Theo cdc phuong én, qué trinh trao d6i ion nguoc
6 thé kéo dai trong thoi gian nam trong khoang tir 16n hon hoic bang 1 gio dén nho
hon hoiic bing 48 gio, nhu tir 16n hon hodc bang 2 gid dén nhé hon hodc bang 24 gio,
tir 16n hon hodc bing 3 gid' dén nhé hon hodc bang 16 gid, tir 16n hon hodc bang 4 gio
dén nho hon hodc bing 14 gio, tir 16n hon hodc bing 6 gid' dén nhé hon hodc bang 12
gid, hodc tir 16n hon hoic bang 8 gid dén nho hon hoic bang 10 gid, va khoang phu

bat ky va tat ca cac khoang phu dugc tao ra tir cac diem cudi néu trén.

Bé trao dbi ion nguge c6 thé & nhiét do thich hop bat ky khi qua trinh trao ddi
ion ngugc mdt bude cua vat phém gbc thay tinh dugc trao dbi ion dugc thuc hién.
Theo cac phwong an, bé trao dbi ion nguoc 1a & nhiét do nam trong khoang tir 16n hon
hodc bang 340°C dén nhé hon hodc bang 520°C, nhur tir 16n hon hogc bang 360°C dén
nhé hon hodc bang 500°C, tir 16n hon hodc bang 380°C dén nho hon hodc bang 480°C,
tir 16n hon hodc bing 400°C dén nho hon hodc bing 460°C, hoic tir 16n hon hogc bang
420°C dén nhé hon hodc bang 440°C, va khoang phu bat ky va tit ca cac khoang phy

duoc tao ra tir cac diém cudi néu trén.

Theo céc phuong an, vat pham gbc thuy tinh dugc trao dbi ion nguoc dugce tao

ra bang qu4 trinh trao do6i ion nguoc mot bude co thé ¢6 ham lwong K20 nim trong
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khoang 1mol% hodc it hon cua hop phén & trung tAm cla vat phim gdc thiy tinh duoc
trao ddi ion nguoc. Ham lugng K20 nay chi ra rang, vt phim gdc thiy tinh dugc trao
d6i ion nguoc vé co ban da dugc phuc hdi v& hop phan cua vit pham gbc thay tinh

trude khi xir 1y trao doi ion.

Theo cac phuong an, qué trinh trao ddi ion nguoc dugc tién hanh trong quy
trinh hai budc. Quy trinh hai buéc bao gbdm budc trao dbi ion nguge & vat phidm gbc
thuy tinh dugc trao dbi ion trong mdi trudng trao ddi ion nguoc thir nhét, va sau dé la
bude trao dbi ion nguge & vat pham gbc thiy tinh dugc trao d6i ion trong mdi truong

trao d6i ion nguoc thir hai dé tao ra vat phdm gdc thiy tinh dugce trao d6i ion ngugc.

Moi trudng trao dbi ion nguoc thi nht chira mudi natri. Mbi trudong trao doi
ion ngugc thir nhat c6 thé 12 b& mudi néng chay, va sau day s& duoc goi la bé trao do6i
ion ngugc thir nhét cho don gian. Theo cac phuong 4n, mudi natri c6 thé 13 natri nitrat.
Theo cac phuong an, bé trao d6i ion ngugc thu nhét con chira mudi kim loai da hoa tri
khong thé trao déi ion. Mudi kim loai da hoa tri khong thé trao ddi ion c6 thé la mubi
bét ky trong sb cac mudi vi lugng bat ky duge mo ta & trén lién quan dén qua trinh

trao doi ion ngugc mot budc.

B trao ddi ion ngugc thir nhit co thé con chia cac mudi trao dbi ion khac.
Theo cac phuong an, bé trao ddi ion nguoc thi nhét ¢6 thé chira kali, nhu & dang mudi
kali. Bé trao dbi ion nguge thir nhit c6 thé chira KNO;3 véi lugng 16n hon hogc bing
6% khéi lugng, nhu 16n hon hodc bing 7% khéi luong, 16n hon hodc bang 8% khéi
lugng, 16n hon hoac bing 9% khdi lugng, 16n hon hodc bing 10% khdi luong, 16n hon
hodc bing 15% khéi lugng, 16n hon hodc bing 20% khdi lwong, 16n hon hoac bang
25% khéi lugng, 16n hon hodc bing 30% khdi lugng, 16n hon hodc bang 35% khoi
lugng, 16n hon hodc bang 40% khdi lugng, hodc 16n hon hoac bing 45% khdi lugng.
B& trao ddi ion nguoc thir nhit c6 thé chira KNO; véi lugng tir 16n hon hodc bang 6%
khéi luong dén nho hon hoic béng 50% khoi luong, nhu tir 16n hon hodc béng 7%
khéi Iwgng dén nhé hon hodc bing 45% khdi lugng, tir 16n hon hodc bang 8% khdi
luong dén nhoé hon hodc bing 40% khdi luong, tir 16n hon hodc bang 9% khéi luong
dén nhé hon hodc bing 35% khéi luong, tir 16n hon hodc bang 10% khdi lugng dén
nhé hon hodc bing 30% khéi lugng, tir 16n hon hodc bang 15% khdi luong dén nho
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hon hodc bang 25% khdi lvong, hoic bang 20% khdi lwong, va khoing phu bat ky va
tAt ca cac khoang phu dugc tao ra tir cac diém cubi néu trén. Viéc st dung bé trao dbi
ion nguoc thi nhét chira kali cho phép tiép tuc sir dung cac bé ma chira cc luong kali
cao hon, nhu do sy nhiém doc trong qud trinh s dung, trong qua trinh trao ddi ion
ngugc thu nhét. Vi dy, cac bé ma da dugc st dung 1am bé trao ddi ion ngugc thir hai
nhung di dat t&i cdc mitc nhiém doc kali ma khong con phu hop nita dé dat duoc mirc
do trao dbi ion nguwoc mong mudn co thé duoc str dung 1am bé trao do6i ion ngugc thir
nhét. Viéc tai st dung cac bé bi nhifm doc kali nhu vay s& lam giam chi phi va phé

thai trong qua trinh trao ddi ion nguge.

B8 trao ddi ion nguoc thir nhét c6 thé con chira mubi lithi. Theo céc phuong an,
bé trao dbi ion ngugc thir nhit c6 ty 18 Na/Li 16n hon ty 1é Na/Li cia bé trao dbi ion

nguogc thi hai.

Qua trinh trao ddi ion nguoc trong bé trao ddi ion nguge thir nhat c6 thé duoc
thuc hién trong khoang thoi gian thich hop bét ky. Theo cac phwong 4n, qua trinh trao
d6i ion ngugc trong bé trao d6i ion nguoc thir nhét c6 thé dugc thuc hién trong thoi
gian nam trong khoang tir 1én hon hodc bang 5 phut dén nhé hon hozc bang 24 gio,
nhu tir 16n hon hodc bing 10 phut dén nhé hon hodc bang 20 gid, tir 16n hon hoic
bang 30 phut dén nhé hon hodc biang 18 gid, tir 16n hon hogc bang 1 gitr dén nho hon
hodc bang 16 gio, tir 16n hon hodc bang 2 gidy dén nh6 hon hodc bang 14 giv, tir 16n
hon hodc bing 4 gid dén nho hon hodc bang 12 gid, tir 16n hon hodc bang 6 gi dén
nho hon hodc bang 10 gid, hodc bang 8 gid, va khoang phu bét ky va tt ca cac khoang
phu dugc tao ra tu cac diém cudi néu trén. Theo cac phuong an, qua trinh trao d6i ion
nguoc trong bé trao ddi ion nguoc thir nhét c6 thé duge thuc hién trong khoang thoi
gian it hon mot nira tong thoi gian trao d6i ion ngugc trong cac bé trao dbi ion nguoc
thit nhat va thir hai.

Qua trinh trao dbi ion ngugc trong bé trao d6i ion ngugc thir nhat c6 thé duoc
thuc hién & nhiét do thich hop bét ky. Theo cac phwong 4n, qué trinh trao ddi ion
nguoc trong bé trao ddi ion nguoc thir nhét ¢6 thé dugc thuc hién & nhiét do nam trong
khoang tir 16n hon hodc bang 400°C dén nhé hon hoic bing 420°C, nhu tir 16n hon
hodc bang 405°C dén nhé hon hodc bang 415°C, hodc bang 410°C, va khoang bat ky
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va tat ca cac khoang phu duoc tao ra tir cac diém cudi néu trén. Theo cac phuwong éan,
qué trinh trao doi ion ngugc trong bé trao doi ion nguoc thir nhat c6 theé dugc thyc hién
& nhiét d0 cao hon nhiét do ma tai do, qua trinh trao doi ion ngugc trong bé trao dbi

ion ngugc thr hai dugc thuc hién.

Khi két thiic qua trinh trao dbi ion nguoc trong bé trao d6i ion nguoc thir nht,
vét pham gdc thity tinh duge trao d6i ion c6 thé chira KoO vé6i lwong ndm trong khoang
4mol% cia hop phin cta vat phdm gbc thily tinh truée khi trao d6i ion, nhu trong
khoang 3mol%, hodc trong khoang 2mol%. Hop phin cua vat phim gbc thiry tinh c6
thé duoc tinh x4p xi theo hop phan & trung tAm cia vat pham gbc thuy tinh duoc trao
ddi ion sau khi trao ddi ion nguoc trong bé trao dbi ion ngugc thir nhat. Ngoai ra, khi
két thac qua trinh trao dbi ion nguoc trong bé trao ddi ion nguge thir nhat, kali b6 sung
vao vat phdm gbc thiy tinh trong qua trinh trao d6i ion c6 thé dugc giam véi luong tir
16n hon hodc bing 60% dén nho hon hodc bang 80%. Viéc loai bé mot phan kali dédng
ké ra khoi vat pham gbc thiy tinh duoc trao dbi ion trong bé trao ddi ion thir nhat lam
giam ty 18 ma tai d6, bé trao dbi ion nguge thir hai bi nhi€ém doc béi kali, 1am tang

cudng tudi tho hiru ich ctia bé trao ddi ion ngugc thir hai.

B8 trao dbi ion nguoc thir hai chira mudi natri va mudi lithi. Moi truong trao
d6i ion ngugc thir hai ¢6 thé 1a bé mudi néng chay, va sau ddy s& dugc goi 1a bé trao
ddi ion nguoc thu hai cho don gian. Theo cic phuong an, mudi natri c6 thé 1a natri
nitrat. Theo cac phuong an, mudi lithi c6 thé 1 lithi nitrat. Theo cac phuong én, bé
trao dbi ion nguoc thtr hai con chira mubi kim loai da hoa tri khong thé trao ddi ion.
Mubi kim loai da héa tri khong thé trao dbi ion c6 thé 1a mubi bét ky trong sb cac mubi
v6i luong bt ky duoc md ta & trén lién quan dén qué trinh trao dbi ion nguoc mot

bude.

Qué trinh trao ddi ion ngugc trong bé trao dbi ion nguoc thi hai c6 thé dugc
thue hién trong khoang thoi gian thich hop bat ky. Theo cac phuong 4n, qua trinh trao
d6i ion ngugc trong bé trao d6i ion nguoc thir hai co thé dugc thuc hién trong khoang
thoi gian 16n hon hodc bing mot nira tbng thoi gian trao ddi ion ngugc trong cac bé

trao ddi ion nguoc thit nhat va thi hai.
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Qua trinh trao ddi ion nguoc trong bé trao ddi ion nguoc thir hai c6 thé duoc
thuc hién & nhiét do thich hop bit ky. Theo cac phwong an, qué trinh trao dbi ion
ngugc trong bé trao ddi ion nguoc thtr hai c6 thé duoc thuc hién & nhiét do nam trong
khoang tir 16n hon hodc bing 380°C dén nhé hon hoic bang 400°C, nhu tir 16n hon
hoac b%mg 385°C dén nhé hon hodc béng 395°C, hoac bf?mg 390°C, va khoang bét ky
va tit ca cac khoang phu duoc tao ra tir céc diém cubi néu trén. Theo cac phuong 4n,
qué trinh trao d6i ion nguge trong bé trao dbi ion nguoc tha hai c6 thé dugc thuc hién
O nhiét do thép hon nhiét d ma tai do, qué trinh trao dbi ion nguoc trong bé trao d6i
ion ngugc thr nhéit duoc thuc hién. Nhiét do thép hon cta bé trao ddi ion nguoc thi
hai c6 thé 1am giam sy thoat khi nito oxit do sy phan huy lithi nitrat & nhiét do bé trao

doi ion nguoc thir hai, dan dén do6 an toan ting Ién.

Theo cac phuong an, vat phim gbc thiy tinh duoc trao d6i ion ngugc tao ra boi
qué trinh trao d6i ion ngugc trong bé trao dbi ion ngugc thi hai ¢6 thé c6 ham lugng
K>0 nim trong khoang 1mol% hoic thap hon cta hop phén ¢ trung tdm clia vat pham
gbc thuy tinh dugce trao d6i ion nguoc. Ham luong K>O nay chi ra rang, vit pham goc
thuy tinh duoc trao ddi ion ngugc vé co ban da duge phuc hdi vé& hop phin cia vt

pham gédc thity tinh truéce khi xir Iy trao d6i ion.

Vat pham gdc thiy tinh dugc trao dbi ion ngugc tao ra bdi qua trinh trao doi ion
nguoc bit ky duoc mo ta & day sau d6 duogc cho xir Iy mai nhin co hoc hodc khéc in
mon héa hoc dé loai bé nguyén lidu ra khéi bé mit cia vat pham gbc thiy tinh. Viéc
loai bé vat liéu nay dung dé loai bo cac khuyét tat bé mat bat ky ra khoi vat pham géc
thuy tinh dugc trao d6i ion nguoc. Theo cc phuong an, lugng vat liéu duge loai bo ra
khoi vat pham gbc thay tinh dugc trao d6i ion nguoc co thé nim trong khoang tir 16n
hon hodc bang 1 pm dén nhé hon hoic bang 10 um, nhu tir 16n hon hodc bang 3 pm
dén nho hon hoic bang 10 pm, hogc tir 16n hon hodc bang 5 pm dén nho hon hozc
bing 10 um, va khoang bt ky va tAt ca cac khoang phu duoc tao ra tir cac diém cubi
néu trén. Theo cac phuong an, qua trinh loai bé vat liéu co thé 1a qua trinh khac in
mon hoa hoc, nhu qua trinh khic axit. Qua trinh khic axit ¢6 thé 12 qu4 trinh khic axit
flohydric.
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Vit pham gdc thuy tinh duoc trao dbi ion nguoc tao ra boi qua trinh trao dbi ion
nguoc bét ky dugc mo ta ¢ ddy sau d6 dugce tai trao d6i ion trong moi trudng tai trao
dbi ion dé tao ra vat phdm gbc thity tinh duoc tai trao ddi ion. M6i trudng tai trao doi
ion ¢6 thé 12 bé mubi néng chay, va sau day s& duoc goi 1a bé tai trao dbi ion cho don
gian. Bé téi trao dbi ion c6 thé gibng nhu bé trao dbi ion duge s dung dé tao ra vit
phém géc thuy tinh duoc trao dbi ion. Tuong tu, vat phém géc thuy tinh duoc tai trao
dbi ion c6 thé duoc cho tién hanh téi trao ddi ion 1an thi hai trong moi trudng tai trao
dbi ion thir hai. M6i truong tai trao doi ion thit hai ¢6 thé 12 bé mubi nong chay, va sau
day s& dugc goi 1a bé tai trao ddi ion thir hai cho don gian. BE téi trao ddi ion thi hai
c6 thé gibng nhu bé trao ddi ion tht hai duoc sir dung dé tao ra vat pham gdc thiy tinh

dugc trao doi ion.

B4 tai trao dbi ion thi nhit c6 thé chira hdn hop mubi thich hop bat ky. Vi du,
bé tai trao ddi ion thit nhéit c6 thé chia hdn hop cia NaNOs va KNOs. Theo cac
phwong 4n, bé tai trao dbi ion thtt nhét c6 thé chira NaNOs vé6i lugng ndm trong
khoang tir 16n hon hodc bing 15% khéi luong dén nhé hon hoic bang 40% khdi
lurgng, nhu tir 16n hon hodc bang 20% khéi lugng dén nh6 hon hoidc bang 35% khbi
lurong, hodc tir 16n hon hoéc béng 25% khoi luong dén nho hon hoidc béng 30% khbi
luong, va khoang bat ky va tit ca cac khoang phu dugc tao ra tir cac diém cubi néu
trén. Theo cac phuong an, bé tai trao dbi ion thu nhét c6 thé chia KNO; vé6i lugng
nam trong khoang tir 16n hon hogc bing 60% khéi lwong dén nho hon hoic bang 85%
khéi luong, nhu tir 16n hon hodc bing 65% khi lugng dén nhé hon hodc bang 80%
khéi lugng, hodc tir 16n hon hodc bing 70% khéi luong dén nho hon hodc bang 75%
khoi lugng, va khoang bat ky va tit ca cac khoang phu dugc tao ra tir cac diém cubi

néu trén.

Qua trinh t4i trao déi ion trong bé tai trao ddi ion thir nhét c6 thé dugc thyc hién
trong khoang thoi gian thich hgp bét ky. Theo cac phuong an, qua trinh tai trao d6i ion
trong bé tai trao ddi ion thir nhit duoc thuc hién trong thoi gian nim trong khoang tur
16n hon hodc bing 30 phut dén nhé hon hodc bang 120 phit, nhu tir 16n hon hodc bang
40 phut dén nho hon hodc bing 110 phit, tir 16n hon hogc bang 50 phit dén nho hon
hodc bang 100 phit, tir 16n hon hodc bing 60 phut dén nho hon hodc bang 90 phut,
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hodc tir 16n hon hodc bang 70 phiit dén nhé hon hodc bang 80 phut, va khoang phu bt

ky va tat ca cac khoang phu duoc tao ra tr cdc di€ém cudi néu trén.

Qua trinh tai trao d6i ion trong bé tai trao ddi ion thir nhét c6 thé duoc thuc hién
& nhiét do thich hop bt ky. Theo cac phwong 4n, qu4 trinh tai trao dbi ion trong bé tai
trao ddi ion thit nhit dugc thuc hién ¢ nhiét d6 ndm trong khoang tir 16n hon hoic
bang 350°C dén nh6 hon hoic bing 420°C, nhu tir 16n hon hogc bang 360°C dén nhé
hon hoac béng 410°C, ttr 16n hon hoac béng 370°C dén nhé hon hoic bé'mg 400°C,
hoiic tir 16n hon hodc bang 380°C dén nhé hon hoic bang 390°C, va khoang phu bt

ky va tat ca cac khoang phu duoc tao ra tir cic diém cudi néu trén.

B& tai trao déi ion thtt hai c6 thé chira hdn hop mubi thich hop bét ky. Vi du, bé
t4i trao d6i ion thir hai c6 thé chira hdn hop ctia NaNOs va KNOs. Theo céc phuong
an, bé tai trao ddi ion thtr hai c6 thé chira NaNOs véi lugng nam trong khoang tir 16n
hon hoac béng 3% khoi lugng dén nhé hon hoic béng 15% khoi lugng, nhu tir 16n hon
hodc b%mg 4% Kkhoi lugng dén nhé hdn hoidc bé‘mg 10% khoi lugng, hodc tir 16n hon
hodc bing 5% khdi lvong dén nho hon hodc biang 9% khdi lugng, va khoang bat ky va
tat ca cac khoang phu duoc tao ra tr céc diém cudi néu trén. Theo cac phuong an, bé
tai trao ddi ion thir hai c6 thé chira KNO;3 v6i luong nam trong khoang tir 16n hon hoic
bing 85% khdi luong dén nhod hon hodc bang 97% khdi lugng, nhu tir 16n hon hodc
biang 90% khéi lwong dén nho hon hogc bang 95% khdi lugng, hodc tir 16n hon hodc
bing 91% khéi luong dén nhé hon hodc bing 94% khéi luong, va khoang bat ky va tat

ca cac khoang phu dugc tao ra tir cac diem cudi néu trén.

Qué trinh t4i trao déi ion trong bé tai trao dbi ion thir hai c6 thé dugc thuc hién
trong khoang thoi gian thich hop bét ky. Theo cac phuong 4n, qua trinh tai trao dbi ion
trong bé tai trao doi ion thir hai dugc thyuc hién trong thoi gian nam trong khoang tir
16n hon hodc bang 10 phit dén nhé hon hodc bang 30 phut, nhu tir 16n hon hodc bing
12 phtit dén nho hon hodc bing 28 phit, tir 16n hon hogc bang 14 phit dén nhé hon
hodc bang 26 phut, tir 16n hon hodc bang 16 phut dén nho hon hodc bang 24 phut, tir
16n hon hodc bang 18 phit dén nho hon hoic bing 22 phut, hoic bang 20 phit, va

khoang phu bat ky va tat ca cac khoang phu duoc tao ra tir cdc di€m cudi néu trén.

23



45113 24149

Qua trinh tai trao ddi ion trong bé tai trao d6i ion thir hai c6 thé dugc thuc hién
& nhiét do thich hop bat ky. Theo cac phuong 4n, qué trinh tai trao dbi ion trong bé tai
trao ddi ion tht hai duogc thuc hién & nhiét do nam trong khoang tlr 16n hon hodc bﬁng
350°C dén nhoé hon hodc bang 420°C, nhu tir 16n hon hodc bing 360°C dén nhé hon
hodc bang 410°C, tir 16n hon hoic bing 370°C dén nhé hon hodc bang 400°C, hogc tir
16n hon hogc bing 380°C dén nhoé hon hodc bing 390°C, va khoang phu bét ky va tat

céa cac khoang phu duogc tao ra tir cac diém cuoi néu trén.

Theo mét hodc nhidu phwong 4n, vat phidm gdoc thiy tinh c6 vi cdu tric dong
nhét (tirc 13, thuy tinh khong bi tach pha). Theo mot hodc nhidu phwong 4n, vat phim
gbc thity tinh 12 v6 dinh hinh. Nhu duogc st dung & ddy, “vo dinh hinh” khi dugc su
dung d& mb ta vat phdm gdc thiy tinh nghia 1a v& co ban khong chira cic mam tinh thé
hodc cac pha tinh thé (tic 14, chira it hon 1% thé tich cdc mam tinh thé hodc céc pha
tinh thé). Theo mét sd phuong 4an, vat phim gbc thity tinh c6 thé bao gdm gdm thity
tinh (tirc 13, chira mot hodc nhiéu pha tinh thé).

Vat phdm gdc thiy tinh duge md ta & day c6 thé duoc tao ra tir cac hop phan
thiy tinh ma ching c6 thé tao hinh nung chay. Theo mdt hodc nhiéu phuong 4n, hop
phan thity tinh tao hinh nung chay c6 thé c6 dd nhét dudng pha 16ng cao hon khoang
200 kilopoa (kP) va theo mot s6 phuong 4n, c6 do nhét dudng pha 1éng it nhat khoang
600 kP. Theo mdt sb phuong 4n, cac vat phdm gdc thity tinh va hop phén nay tuong
thich véi dng isopipe ziricon: do nhét ma tai d6 thuy tinh phé vo éng isopipe ziricon
dé tao ra cac khuyét tat ziricon 12 nho hon 35 kP. Céc hop phén thuy tinh duge chon
nam trong khoang cac hop phan duoc md ta & day c6 thé c6 d6 nhét phan hoa ziricon
1a 16n hon 35 kP. Trong céc truong hop nay, dng isopipe nhom oxit c6 thé duogc sir

dung dé nung chay tao ra cic vt pham gdc thiy tinh nay.

Vat phdm gdc thiy tinh dwge mo ta & day c6 thé duoc tao ra tir hop phéan thuy
tinh thich hop bt ky. Theo cac phuong 4n, vat pham gbc thity tinh c6 thé duoc tao ra
tir hop phan thay tinh nhom silicat kiém. Theo cac phuong 4n, vat pham gdc thiy tinh
chira hodc chu yéu chta SiO2 véi lugng 16n hon hodc bang 58% mol, P2Os véi lugng
tir 16n hon hoac bé'lng 0,5% mol dén nho hon hoic béng 3% mol, Al,O3, NaxO, va LixO

v6i luong 16n hon hodc bang 11% mol. Theo cac phuong an, vat phidm gdc thiy tinh
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chtra hodc chii yéu chtra SiOz v6i lwong tir 16n hon hodc bing 58% mol dén nho hon
hodc bang 65% mol; Al,Os3 véi lugng tir 16n hon hodc bing 11% mol dén nhé hon
hodc bing 20% mol; P20s véi luong tir 16n hon hogc bing 0,5% mol dén nho hon hodc
bang 3% mol; Na,O vdi luong tir 16n hon hodc bang 6% mol dén nho hon hodc bang
18% mol; Li2O véi lugng tir 16n hon hodc béng 0,1% mol dén nhé hon hoic béng 10%
mol; MgO véi luong tir 16n hon hodc bing 0% mol dén nhé hon hoic bang 6% mol; va
7nO v&i lugng tir 16n hon hodc bang 0% mol dén nhé hon hodc bing 6% mol. Theo
cac phuong an, thiy tinh gbm hodc chi yéu gdm SiO» véi lugng tir 16n hon hodc bang
63% mol dén nhé hon hodc bing 65% mol; AlOs vé6i lugng tir 16n hon hodc bang
11% mol dén nho hon hodc bang 19% mol; P20s véi lwgng tir 16n hon hodc bang 1%
mol dén nhé hon hoic béng 3% mol; Na2O véi lugng tir I6n hon hodc béng 9% mol
dén nhé hon hogc bang 20% mol; Li>O vé6i lugng tir 16n hon hodc bang 2% mol dén
nho hon hodc béng 10% mol; MgO véi lugng tir 16n hon hodc bé‘mg 0% mol dén nho
hon hoéc béng 6% mol; va ZnO vai lugng tir 16n hon hodc b%lng 0% mol dén nhé hon

hodc bang 6% mol.

Theo mot hoac nhiéu phuong &n, vat phém géc thiy tinh c6 thé dugc tao ra tir
hop phan bao gdm ty 16 R20 (mol%)/Al03 (mol%) nhé hon hodc bang 2, nhu nhé hon
hodc bang 1,8, nhé hon hodc bang 1,6, nho hon hogc bang 1,5, hodc nhé hon hogc
béng 1,4. Nhu duoc st dung & diy, R2O = Li2O + NaO + K»0. Theo mot hodc nhiéu
phuong an, vat pham gbc thuy tinh c6 thé duoc tao ra tir hop phan thiy tinh trong do,
téng lugng cia SiO2 va P20s 1a 16n hon 65% mol va nhé hon 67% mol (tic 13, 65%
mol < SiO2 (mol%) + P20s (mol%) < 67% mol). Theo mot hodc nhiéu phuong an, vt
phim gbc thiy tinh c6 thé duogc tao ra tir hop phin trong d6 R,O (mol%) +
RO (mol%) - Al203(mol%) + P20s(mol%) la 16n hon hodc bang -3% mol (tic 1,
R0 (mol%) + RO (mol%) - Al,03 (mol%) + P20s(mol%) > -3% mol). Nhu duoc su
dung & day, R'O 1a tdng luong cua cac kim loai oxit héa tri hai ¢6 mét trong hop phan.
Theo mét hodc nhidu phuwong 4n, vat phim gbc thiy tinh c6 thé duoc tao ra tir hop
phan trong d6 R20 (mol%) + R"O (mol%) - A,O3(mol%) + P20s (mol%) 1a 16n hon
hoiac béng -2,5% mol, nhu 16n hon hoédc béng -2% mol, 16n hon hodc béng -1,5% mol,
16n hon hodc bing -1% mol, 16n hon hodc bang -0,5% mol, 16n hon hodc bang 0%

mol, 16n hon hodc bang 0,5% mol, 1én hon hoic bang 1% mol, 16n hon hoic bang
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1,5% mol, 16n hon hodc bang 2% mol, 16n hon hodc bang 2,5% mol, 16n hon hodc
béng 3% mol, 16n hon hoac br:ing 3,5% mol, 16n hon hoac béng 4% mol, 16n hon hodc
bang 4,5% mol, 16n hon hodc bing 5% mol, 16n hon hodc bang 5,5% mol, 16n hon
hodc béng 6% mol, 16n hon hoac béng 6,5% mol, 16n hon hodc bflng 7% mol, 16n hon
hoac béng 7,5% mol, 16n hon hoac béng 8% mol, 16n hon hoac béng 8,5% mol, 16n

hon hodc bang 9% mol, hodc 16n hon hoic bang 9,5% mol.

Theo mot hodc nhidu phuong 4n, vat pham gde thiy tinh c6 thé dugc tao ra tir
hop phan bao gém it nhit 0,5% mol P20s, Na;O va LiO. Theo mdt sd phuong an,
Li>0 (mol%)/Na,O (mol%) trong hop phan thuy tinh dugc sir dung dé tao ra vat phdm
gbc thity tinh c6 thé nho hon 1. Ngoai ra, c4c thiy tinh nay c6 thé khong chira BoOs va
K»0. Vat phdm gdc thiy tinh dugc mé ta & dy c6 thé con chira ZnO, MgO, va SnOs.

Mbi mét trong sb6 cic thanh phan oxit ctia cic vat pham gdc thiy tinh nhom
silicat kiém co ban (hoic khong duoc gia cudng) va duge gia cuong (tie 13, dugc gia
cudng hoa hoc bang cach trao d6i ion) dugc mé ta & ddy dung dé thuc hién chirc ning
va/hodc c6 anh huéng 1én kha ning san xuit va cac dic tinh vat Iy cta thuy tinh. Vi
du, silic oxit (SiO2) 1a thay tinh chinh tao ra oxit, va tao thanh khung mang ludi cho
thiy tinh néng chay. SiO; tinh khiét ¢6 CTE thép va khong chira kim loai kiém. Tuy
nhién, do ¢6 nhiét do néng chay rat cao, SiO; tinh khiét khéng thich hop cho quy trinh
kéo nong chay. Theo mdt hodc nhiéu phuong 4n, vt pham gbc thuy tinh ¢6 thé duoc
tao ra tir hop phin bao gdm SiO» véi lwong ndm trong khoang tlr 16n hon hodc bang
58% mol dén nho hon hodc bang 65% mol, nhu tir 16n hon hodc bang 59% mol dén
nhé hon hodc bang 64% mol, tir 16n hon hodc bing 60% mol dén nhé hon hodc bang
63% mol, tir 16n hon hodc bing 61% mol dén nhé hon hodc bang 62% mol, tir 16n hon
hodc bang 63,2% mol dén nhé hon hodc bang 65% mol, tir I6n hon hodc bang 63,3%
mol dén nho hon hodc bang 65% mol, hoic khoang phu bét ky va tit ca cac khoang
phu duoc tao ra tr cac diém cudi néu trén.

Ngoai silic oxit, vat phém géc thiy tinh dugc mo ta & day co thé dugc tao ra tir
cac hop phén bao gdm chat tao hinh mang Al,O3 dé dat dugc su tao hinh thaly tinh 6n
dinh, CTE thip, mddun Young thip, moédun cit thip va dé thuan lgi cho viéc néng
chay va tao hinh. Gidng nhu SiO», ALOs gép phan tao nén do cing cho mang luéi

26



45113 27/49

thity tinh. Nhom oxit c6 thé tdn tai trong thiy tinh & phdi tri bén hodc nam lan, diéu
nay lam tdng mat do xép kin ctia mang luéi thiy tinh va do d6 lam ting Ung suét nén
do gia cuong hoa hoc. Theo mot hodc nhiéu phuong 4n, vat phim gbc thay tinh c6 thé
duoc tao ra tir hop phan bao gdm ALOs véi lugng nim trong khoang tir 1én hon hoic
bing 11% mol dén nhé hon hodc bing 20% mol, nhu tir 16n hon hodc bang 12% mol
dén nho hon hoic béng 19% mol, tir 1én hon hodc b%mg 13% mol dén nhé hon hodc
bang 18% mol, tir I6n hon hodc bang 14% mol dén nho hon hodc bang 17% mol, hodc
tir 16n hon hodc bang 15% mol dén nho hon hodc bing 16% mol, va khoang phu bt

ky va tét ca cac khoang phu duoc tao ra tir cac di€m cudi néu trén.

Phospho pentoxit (P20s) 1a chét tao hinh mang ma c6 thé dugc dwa vao céac hop
phin sir dung dé tao ra vt phim gdc thiy tinh duge mo ta & day. P2Os co cAu trac gin
nhu tir dién trong mang ludi thiy tinh; c6 nghia 1a, n6 dugc phéi tri v&i bdn nguyén tir
oxy, nhung chi cé ba nguyén tir trong sb cac nguyén tir d6 duoc lién két v6i phan con
lai ciia mang luéi. Nguyén tir oxy thir tu 1a oxy cubi duge lién két hai mit véi cation
phospho. Viéc dua P2Os vao mang ludi thuy tinh c6 tac dung I6n trong viéc lam giam
mo6dun Young va modun dan hdi ngang. Viéc dwa P,Os vao mang luéi thuy tinh ciing
lam giam CTE nhiét d§ cao, 1am ting tdc @6 téa rong va hoa 1an khi trao dbi ion, va cai
tién tinh twong hop cia thily tinh v6i céc vat liéu chiu nhiét ziricon. Theo mot hoac
nhiéu phwong 4n, vat phim gbc thiy tinh c6 thé duoc tao ra tir hop phén bao gébm P,0s
v6i luong nim trong khoang tir 16n hon hodc bang 0,5% mol dén nho hon hoic bang
5% mol, nhu tir 16n hon hodc béng 0,6% mol dén nhé hon hoic béng 5% mol, tir 16n
hon hodc bang 0,8% mol dén nhé hon hodc bang 5% mol, tir 16n hon hoic bang 1%
mol dén nho6 hon hodc béng 5% mol, tir 16n hon hoac béng 1,2% mol dn nho hon
hoic béng 5% mol, tir 16n hon hoac béng 1,4% mol dén nho hon hodc béng 5% mol, tir
16n hon hodc bang 1,5% mol dén nhé hon hodc bing 5% mol, tir 16n hon hodc bing
1,6% mol dén nh6 hon hodc bang 5% mol, tir 1én hon hodc bang 1,8% mol dén nho
hon hoéac bﬁng 5% mol, tir 16n hon hoac béng 2% mol dén nhé hon hoic béng 5% mol,
tir 1én hon hoac béng 0,5% mol dén nhé hon hoic béng 3% mol, tir 16n hon hoac béng
0,5% mol dén nhod hon hodc bang 2.8% mol, tir 16n hon hodc bang 0,5% mol dén nho
hon hoac béng 2,6% mol, tir 16n hon hodac béng 0,5% mol dén nho hon hoic b%mg

2,5% mol, tir 16n hon hodc br?mg 0,5% mol dén nhé hon hoic bé‘mg 2,4% mol, tir 16n
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hon hoac béng 0,5% mol dén nhé hon hoic béng 2,2% mol, tir 16n hon hoéc béng
0,5% mol dén nhé hon hodc bing 2% mol, tir 16n hon hodc bang 2,5% mol dén nho
hon hodic bing 5% mol, tir 16n hon hogc bing 2,5% mol dén nhé hon hodc bang 4%
mol, hodc tir 16n hon hogc bang 2,5% mol dén nhé hon hodc biang 3% mol, va khoang

phu bat ky va tat ca cac khoang phu dugce tao ra tir cic diém cudi néu trén.

Vit phdm gbc thity tinh duge mo ta & dy c6 thé duoc tao ra tir hop phan ma vé
co ban khong chtra hodc chira B2Os, vi sy ¢6 mat cla n6 c6 tdc dong x4u dén ung suét
nén khi thuy tinh dugce gia cudong bing cach trao ddi ion. Theo mot s6 phuong an, vt
phdm gdc thity tinh c6 thé duoc tao ra tir hop phan bao gdm B20s v6i lugng tir 16n hon
hodc bang 0,1% mol dén nhé hon hogc bing 10% mol; nhu tr 16n hon hodc bang 0,5%
mol dén nhé hon hodc bang 9% mol, tir 16n hon hodc bang 1% mol dén nho hon hoic
bang 8% mol, tir 16n hon hodc bang 2% mol dén nho hon hodc bang 7% mol, tir 16n
hon hoic bing 3% mol dén nhé hon hodc bing 6% mol, hodc tir 16n hon hodc bang 4%
mol dén nhé hon hodc bing 5% mol, va khoang phu bét ky va tit ca cac khoang phu

duoc tao ra tir cac di€m cudi néu trén.

Oxit kiém NaxO duge st dung dé dat duoc viéc gia cuong hoa hoc cac vat
pham gbc thiy tinh duge md ta & day bang cach trao dbi ion. V4t pham gboc thuy tinh
duge md ta & day co thé duge tao ra tir hop phan bao gdm Na,O, chét nay tao ra cation
Nat dé dugc trao d6i ion véi cac cation kali ¢6 mit trong bé mudi chira, vi du, KNO:;.
Theo mot sb phuong é&n, vat phém géc thay tinh dugc mo ta & day co thé duoc tao ra
tir hop phan bao g6m NayO véi lugng nam trong khoang tr 16n hon hodc bang 4% mol
dén nhé hon hoic béng 20% mol, nhu tir 16n hon hodc b@ing 4,5% mol dén nho hon
hoidc béng 19,5% mol, tir 1én hon hoac bfmg 5% mol dén nhé hon hodc bé’tng 19% mol,
tir 16n hon hodc bing 5,5% mol dén nhé hon hoic bing 18,5% mol, tr 16n hon hodc
bing 6% mol dén nhé hon hodc bang 18% mol, tir 16n hon hodc bing 6,5% mol dén
nhé hon hodc bing 17,5% mol, tir 16n hon hoic bing 7% mol dén nhé hon hodc bang
17% mol, tir 16n hon hodc béng 7.,5% mol dén nhé hon hodc béng 16,5% mol, tir 16n
hon hodc bang 8% mol dén nhé hon hodc bang 16% mol, tir 16n hon hogc bang 8,5%
mol dén nhé hon hoidc béng 15,5% mol, tir 16n hon hodc béng 9% mol dén nh6 hon
hodc bing 15% mol, tir 16n hon hodc bang 9,5% mol dén nhé hon hogc bang 14,5%

mol, tir 16n hon hoic bang 10% mol dén nho hon hodc bang 14% mol, tir Ién hon hodc
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bing 10,5% mol dén nhé hon hodc bing 13,5% mol, tir 16n hon hodc bang 11% mol
dén nho hon hodc bang 13% mol, hogc tir 16n hon hodc bang 11,5% mol dén nhé hon
hodc bang 12,5% mol, va khoang phu bét ky va tit ca cac khoang phu dugc tao ra tir
cac diém cudi néu trén.

Vit phdm gdc thiy tinh dugc mo ta ¢ day dugce tao ra tir cac hop phén chira
Li20. Theo mét s6 phuong 4n, vat phim gdc thiy tinh c6 thé dugc tao ra tir hgp phan
bao gdm Li>O véi lugng nhé hon hodc bing 13% mol, nhu nhé hon hodc bang 10%
mol. Theo mot sb phuong an, vat pham gde thiy tinh dugc tao ra tir hop phin bao gdbm
Li>O v6i lugng nam trong khoang tir 16n hon hodc bang 0,1% mol dén nhé hon hoic
bé‘mg 10% mol, nhu tir 16n hon hoac bé‘mg 0,5% mol dén nho hon hoac béng 9,5% mol,
tir 16n hon hodc bing 1% mol dén nhé hon hoic bang 9% mol, tlr 16n hon hodc bang
1,5% mol dén nhé hon hodc bing 8,5% mol, tir 16n hon hodc bang 2% mol dén nho
hon hoac b%mg 8% mol, tir 16n hon hodc béng 2,5% mol dén nho hon hoic béng 7,5%
mol, tir 16n hon hodc bang 3% mol dén nhé hon hodc bang 7% mol, tlr 16n hon hogc
béng 3,5% mol dén nhé hon hodc br?mg 6,5% mol, tir 16n hon hodc béng 4% mol dén
nho6 hon hoac béng 6% mol, tir 16n hon hoéc béng 4,5% mol dén nh6 hon hoic bﬁng
5.5% mol, hodc tir I6n hon hodc bing 4% mol dén nho hon hodc bing 8% mol, va

khoang phu bat ky va tat ca cac khoang phu duoc tao ra tir cac dieém cudi néu trén.

Su ¢6 mit cua kali oxit trong thiy tinh c6 tac dong x4u dén kha nang dat duoc
c4c mirc (mg suét nén bé mit cao trong thity tinh qua qua trinh trao d6i ion. Vat pham
géc thuy tinh duwgc md ta & day, khi ban dau dugc tao ra trude khi trao dbi ion, c6 thé
vé co ban khong chira hodc chira K20. Theo céc phwong an, vét pham gbc thiy tinh c6

thé duoc tao ra tir hop phan bao gom K»O.

Theo mot sb phuong 4n, vat pham gbc thuy tinh duge mo t& & day co thé duoc
tao ra tir hop phan bao gdm ZnO véi lugng tir 16n hon hoac bang 0% mol dén nho hon
hoic béng 6% mol, nhu tir 16n hon hodc béng 0,5% mol dén nho hon hodc br?mg 5,5%
mol, tir 1én hon hodc being 1% mol dén nhé hon hoic béng 5% mol, tir 16n hon hoac
béng 1,5% mol dén nhé hon hoac béng 4,5% mol, tir 16n hon hoac béng 2% mol dén
nhé hon hoac béng 4% mol, tir 16n hon hoac béng 2,5% mol dén nhé hon hoic béng

3,5% mol, tir 16n hon hoac béng 0,1% mol dén nhé hon hoic béng 6% mol, tir 16n hon
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hodc bang 0,1% mol dén nho hon hodc bang 3% mol, va khoang phu bat ky va tit ca
cac khoang phu dugc tao ra tu cac diém cudi néu trén. Oxit hoa tri hai ZnO cai thién
tap tinh néng chay cta thiy tinh bang cach lam gidm nhiét d9 tai do nhét 200 poa
(nhiét @6 200P).

Céc oxit kiém th6 nhu MgO va CaO, ciing ¢ thé dugc bao gdm trong hop phin
dugc st dung dé tao ra vat phém géc thuy tinh dé dat duoc su tac dong tuong tu lén
nhiét d6 200P. Theo c4c phuong an, vit phdm gbc thily tinh duge mo ta & day co thé
duogc tao ra tir hgp phan bao gdbm MgO véi lugng tir 16n hon hozc bang 0% mol dén
nhé hon hodc bang 6% mol, nhu 16n hon hodc bang 0,02% mol dén nhd hon hodc
bang 6% mol. Cac oxit kidm thd khac, nhu SrO va BaO, c6 thé ciing dugc bao gdm

trong cac hop phan dugc sir dung dé tao ra vat pham goc thity tinh dugc mo ta & day.

Theo mét s6 phuong 4n, vat phim gbc thity tinh duge md ta & dy c6 thé duoc
tao hinh bang cac quy trinh kéo xudi da biét trong linh vuc, nhu céc quy trinh kéo qua

khe va kéo nong chay.

Quy trinh kéo nong chay 1a cong nghé cong nghié€p da dugc s dung dé san xuét
c4c tAm thuy tinh méng trén quy md 16n. So v6i cdc cong nghé san xuét thuy tinh
phéng khéc, nhu quy trinh ndi hogc quy trinh kéo qua khe, quy trinh kéo nong chay tao
ra cac tAm thuy tinh méng c¢6 do phing va chét lugng bé mat t6t hon. Két qua 13, quy
trinh kéo néng chay da tré thanh k¥ thuat san xuét chiém vu thé trong ché tao cac nén
thity tinh méng dung cho cac thiét bi hién thi tinh thé 16ng, cling nhu dung cho thiy
tinh phu trong céc thiét bi dién tir ca nhan, nhu may tinh xach tay (kiéu notebook),
thiét bi giai tri, may tinh bang, may tinh xach tay, dién thoai di dong, va thiét bi tuong

tu.

Quy trinh kéo néng chay bao gbdbm dong thiy tinh néng chay trén mang dugc
biét 1a “dng isopipe,” thong thudong durge lam tir ziricon hodc vat liéu chiu nhiét khac.
Thuy tinh néng chay chay tran qua dinh cua dng isopipe tir ca hai phia, hop giao tai
day 6ng isopipe dé tao ra tim don trong d6 chi phin bén trong ciia tim cudi dugce tiép
xtc truc tiép voi dng isopipe. Do khong c6 bé mit hd nao ciia tAm thiy tinh cudi tiép

xuc v6i vat liéu Ong isopipe trong qua trinh kéo, nén ca hai bé mat ngoai cua thuy tinh
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c¢6 chét lwong t6t khong bi anh hudng béi quy trinh nay va khong yéu ciu bude hoan

thién sau do.

D8 c6 thé kéo nong chay, thanh phan thiy tinh phai c6 d§ nhét duong pha léng
du cao (trc 13, dd nhét cta thuy tinh néng chay tai nhiét do duong pha long). Theo mot
sd phuong 4n, cac hop phin duoc sir dung dé tao ra vt pham gdc thiy tinh duwge mo ta
¢ day co do nhét duong pha long it nhét khoang 200 kilopoa (kP) va theo cdc phuong
an khac, it nhit khoang 600 kP.

Sau khi vat pham gbc thiy tinh duoc tao ra, vat pham nay dugc gia cuong hoa
hoc. Viéc trao dbi ion duogc st dung rong rai dé gia cuong hoa hoc cho thuy tinh.
Trong mot vi du cu thé, cac cation kiém trong nguén cac cation nay (vi du, bé mudi
néng chay) dugc trao ddi voi cac cation kiém nhoé hon trong vét pham gdc thiy tinh dé
thu dugc 16p ma 16p nay chiu tng sudt nén gin bé mat cua vat pham gdc thuy tinh.
Lép nén kéo dai tir bd mat toi do sau nén (DOC) bén trong vat pham goc thiy tinh.
Trong vét phdm gbc thiy tinh dwgc md ta & day, vi du, céc ion Kali tix ngudn cation
duoc trao dbi cho cac ion natri va lithi trong vt phdm gbc thiy tinh trong qua trinh
trao di ion bing cach ngdm vat pham gbc thiy tinh trong bé mubi nong chay chira
mubi kali, nhu nhung khong bi gi¢i han &, kali nitrat (KNO3). Céc mudi kali khac ma
6 thé duge st dung trong qua trinh trao ddi ion bao gém, nhung khong bi giéi han &,
kali clorua (KCl), kali sulfat (K2SO4), va hdn hop ctia chung. Céc bé trao ddi ion dugc
md ta & day co thé chira cac ion kiém khac kali va céc mudi twong tng. Vi dy, bé trao
d6i ion c6 thé ciing chira mubi natri nhu natri nitrat (NaNO3), natri sulfat, natri clorua,
va hdn hop cua chung. Theo mét hodc nhiéu phuong 4n, hon hop cua hai mudi khac
nhau ¢6 thé duge st dung. Vi du, vt phdm gbc thity tinh c6 thé duge ngam trong bé
mudi chira KNO; va NaNOs. Theo mot ) phuong an, nhiéu hon mot bé c6 thé duoc
str dung véi viéc nhung thuy tinh trong mot bé, tiép dén 1a nhiing trong bé khac ké tiép.
Céc bé ¢6 thé ¢6 thanh phan, nhiét do, va/hodc thoi gian ngdm gidng nhau hoic khac
nhau.

Theo cac phuong 4n, vit pham gbc thuy tinh dugc gia cudng trong qué trinh
trao ddi ion hai budc st dung bé trao dbi ion thir nhit va bé trao ddi ion thir hai. Bé

trao d6i ion thtt nhat c6 thé chira hdn hop mudi thich hop bit ky. Vi du, bé trao ddi ion
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thtr nhét c6 thé chira hdn hop ciia NaNOs va KNOs. Theo cic phuong 4n, bé trao ddi
ion thtt nhét c6 thé chira NaNOs véi luong ndm trong khoang tir 16n hon hodc bang
15% khéi lugng dén nhé hon hodc bing 40% khdi lugng, nhu tir 16n hon hodc bang
20% khéi luong dén nhé hon hodic bang 35% khdi Iugng, hodc tir 16n hon hodc bang
25% khéi lugng dén nhé hon hodc bang 30% khéi lugng, va khodng bat ky va tit ca
cac khoang phu duoc tao ra tir cac diém cubi néu trén. Theo cac phwong an, bé trao dbi
jon thir nhit c6 thé chira KNO;3 véi lugng nam trong khoang tir 16n hon hoidc bang
60% khéi luong dén nhé hon hodc bing 85% khdi lugng, nhu tir 16n hon hodc bang
65% khéi luong dén nhé hon hodc bang 80% khdi lugng, hodc tir 16n hon hoic bang
70% khdi luong dén nhé hon hodc bang 75% khdi lugng, va khodng bat ky va tit ca

cac khoang phu duogc tao ra tir cac diém cudi néu trén.

Qua trinh trao ddi ion trong bé trao d6i ion thir nhét c6 thé dugc thuc hién trong
khoéng thoi gian thich hop bat ky. Theo cac phuong 4n, qué trinh trao ddi ion trong bé
trao ddi ion tht nhat dugc thuc hién trong thoi gian nim trong khoang tir 16n hon hozc
bang 30 phit dén nhé hon hodc bang 120 phut, nhu tir I1én hon hodc bang 40 phut dén
nhé hon hodc bang 110 phut, tir I6n hon hodc bang 50 phut dén nho6 hon hoic bing
100 phat, tir 16n hon hodc bing 60 phit dén nhé hon hogc bang 90 phut, hodc tir 16n
hon hodc bang 70 phit dén nhé hon hodc bang 80 phut, va khoang phy bat ky va tat ca

cac khoang phu dugc tao ra tir cdc di€m cuoi néu trén.

Qua trinh trao ddi ion trong bé trao ddi ion thi nhit c6 thé duge thuc hién &
nhiét d6 thich hop bat ky. Theo cic phurong an, qu4 trinh trao d6i ion trong bé trao doi
ion thtr nhét duoc thuc hién & nhiét do nim trong khoang tir 16n hon hoic bing 350°C
dén nhé hon hodc bang 420°C, nhu tir 16n hon hodc bang 360°C dén nhd hon hogc
bing 410°C, tir 16n hon hodc bang 370°C dén nho hon hodc bang 400°C, hodc tir 16n
hon hodic bang 380°C dén nhé hon hoic bang 390°C, va khoang phu bat ky va tit ca
cac khoang phu duoc tao ra tu cac diém cudi néu trén.

Bé trao dbi ion thtt hai c6 thé chira hdn hop mudi thich hop bat ky. Vi du, bé
trao ddi ion tht hai c6 thé chira hdn hop ciia NaNO; va KNO;. Theo cic phuong én, bé
trao ddi ion thir hai c6 thé chira NaNOs vé6i lugng nam trong khoang tir 16n hon hoic

bing 3% khdi lugng dén nho hon hogc bang 15% khéi lugng, nhu tir 16n hon hodc
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bing 4% khéi luong dén nho hon hodc bing 10% khéi lugng, hodc tir 16n hon hodc
bing 5% khéi luong dén nhé hon hoic bing 9% khéi luong, va khoang bat ky va tat ca
cac khoang phu dugc tavo ra tir cac diém cudi néu trén. Theo cac phwong an, bé trao ddi
ion thit hai c¢6 thé chita KNOj3 vé6i lugng nam trong khoang tir 16n hon hodc bang 85%
khéi lwong dén nho hon hodc bang 97% khéi luong, nhu tir 16n hon hodc bang 90%
khéi luong dén nhé hon hodc bang 95% khéi lugng, hodc tir 16n hon hodc bang 91%
khéi Tuong dén nhé hon hodc biang 94% khéi lwong, va khoang bét ky va tat ca cac

khoang phu dugc tao ra tir cac dieém cudi néu trén.

Qua trinh trao ddi ion trong bé trao ddi ion tht hai c6 thé duogc thuc hién trong
khoang thoi gian thich hop bat ky. Theo cdc phuong an, qué trinh trao ddi ion trong bé
trao ddi ion thtt hai duoc thuc hién trong thoi gian nam trong khoang tir 16n hon hoic
bing 10 phut dén nho hon hodc bing 30 phut, nhu tir 16n hon hogc bang 12 phut dén
nho hon hodc bing 28 phat, tir 16n hon hodc bing 14 phit dén nhé hon hodc bang
26 pht, tir 16n hon hodc bing 16 phut dén nho hon hodc bang 24 phut, tir 16n hon
hogc bing 18 phut dén nho hon hodc bang 22 phut, hodc bang 20 phut, va khoang phu

bat k¥ va tat ca cac khoang phu dugc tao ra tir cic dieém cudi néu trén.

Qua trinh trao ddi ion trong bé trao dbi ion thir hai c6 thé dugc thuc hién & nhiét
d6 thich hop bét ky. Theo cac phuong an, qua trinh trao d6i ion trong bé trao d6i ion
thtr hai duoc thuc hién & nhiét 6 ndm trong khoang tir 16n hon hodc bing 350°C dén
nho hon hodc bing 420°C, nhu tir 16n hon hodc bing 360°C dén nhé hon hodc bang
410°C, tir 16n hon hogc bang 370°C dén nho hon hodc bang 400°C, hogc tir 16n hon
hodc bing 380°C dén nhé hon hoic bang 390°C, va khoang phu bét ky va tat ca cac

khoang phu duogc tao ra tir cdc di€ém cudi néu trén.

Trong khi phuong an dugc thé hién trén Fig. 1 mo ta vat phim gbc thuy tinh gia
cudng 100 1a tAim hodc phién phing, vat phdm gbc thiy tinh c6 thé c6 cac cdu hinh
khac, nhu cac hinh dang ba chiéu hodc c4u hinh khéng phang. Vat pham gbc thiy tinh
gia cuong 100 c6 bé mit thir nhat 110 va bé mat thir hai 112 xac dinh do day t. Theo
mdt hodc nhidu phuong an, (nhu phuong an dugce thé hién trén FIG. 1) vat phdm gbc
thity tinh gia cuong 1 tm gdm c6 bé mat thir nhat 110 va dbi dién bé mat thw hai 112
x4c dinh do day t. Vat phim gdc thuy tinh gia cuong 100 c6 16p nén thit nhat 120 kéo
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dai tir bé mit thtt nhét 110 t6i do sdu 16p di vao trong khdi vt pham gbe thiy tinh 100.
Theo phuong an duogc thé hién trén Fig. 1, vat pham gbc thuy tinh gia cudng 100 cling
¢6 16p nén thir hai 122 kéo dai tir bé mit thtr hai 112 t6i do sau 16p thu hai do. Vat
pham gdc thity tinh cling ¢ ving trung tdm 330 kéo dai tir di dén do. Ving trung tim
130 chiu tng suit kéo hozc ting suét kéo trung tdm (CT), 1am can bang hodc lam mét
tac dung cac tmg sudt nén cia cac 16p 120 va 122. D sdu di, da cia cac 16p nén thir
nhit va tht hai 120, 122 bao vé vét phdm gdc thiy tinh gia cudng 100 khong bi lan
truyén cac vét ran nirt dugc dua vao bdi su va cham manh véi cac bé mat thur nhét va
tht hai 110, 112 ctia vat pham gdc thay tinh gia cudong 100, trong khi Gng sut nén 1am
giam thiéu dén muc thp nhat kha ning vét ran nut xuyén qua do sau di, d> ctia cac 16p
nén thir nhét va thi hai 120, 122. DOC d1 va DOC d2 c6 thé bang nhau hodc khac
nhau. Theo mét sé phuong 4n, it nhit mét phan cia ving trung tim (vi du, phan kéo
dai tir DOC dén dd sdu bang 0,5 1an do day ciia vat phdm nay) c6 thé khong chira K20
(nhu dugc x4c dinh & day).

DOC ¢6 thé duge md ta 1a mot phan ciia do day t cua vat pham gbc thuy tinh.
Vi du, theo mot hodc nhidu phuong an, DOC c¢6 thé 16n hon hodc bang 0,1t, nhu 16n
hon hoac béng 0,11t, 16n hon hoéc béng 0,12t, 16n hon hodc béng 0,13t, 16n hon hoac
bing 0,14, 16n hon hodc bang 0,15t, 16n hon hodc biang 0,16t, 16n hon hodc bang
0,17t, 16n hon hoac béng 0,18t, 16n hon hoac b.;ing 0,19t, 16n hon hoac br?mg 0,2t, hoac
16n hon hoéac béng 0,21t. Theo mot s6 phuong an, DOC co thé nim trong khoang tir
16n hon hodc bang 0,08t dén nhé hon hodc bing 0,25t, nhu tir 16n hon hodc bang 0,09t
dén nhé hon hodc bang 0,24t, tir 16n hon hodc bing 0,10t dén nhé hon hodc bang
0,23t, tir 16n hon hodc bang 0,11t dén nho hon hodc bang 0,22t tir 16n hon hodc bang
0,12t dén nho hon hogc bing 0,21t tir 16n hon hodc bang 0,13t &én nho hon hogc bang
0,20t, tir 16n hon hodc bang 0,14t dén nho hon hodc bang 0,19t tir 16n hon hodc bang
0,15t dén nho hon hogc bing 0,18t tir 16n hon hoc bing 0,16t &én nho hon hogc bang
0,19t, va khoang phu bat ky va tat ca cac khoang phu duoc tao ra tr cac diém cudi néu
trén. Theo mot sé phuong an, DOC c6 thé nho hon hodc bang 20 pm. Theo mot hozc
nhiu phuong an, DOC c6 thé 16n hon hogc bang 40pm, nhu tir 16n hon hodc bang 40
pm dén nho hon hodc bang 300 pm, tir 16n hon hodc bang 50 um dén nhé hon hoic
bang 280 um, tir 16n hon hodc bang 60 pm dén nhoé hon hodc bang 260 um, tir 16n hon
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hodc bing 70 pm dén nhé hon hozc bang 240 pm, tir 16n hon hogc bang 80 um dén
nhé hon hodc bang 220 pm, tir 16n hon hoic bing 90 um dén nhé hon hodc bang 200
um, tir 16n hon hodc bing 100 pm dén nhod hon hodc bang 190 pm, tir 16n hon hodc
bang 110 pm dén nho hon hodc bing 180 um, tir 16n hon hodc bang 120 um dén nho
hon hodc bang 170 pm, tir 16n hon hodc bang 140 pm dén nhé hon hoic bang 160 pm,
hoic tir 16m hon hodc bang 150 um dén nhé hon hodc bang 300 um, va khoang phu bét

ky va tat ca cac khoang phu dugc tao ra tir cac diém cudi néu trén.

Theo mdt hodc nhidu phuong an, vat phim gbc thity tinh gia cudng c6 thé c6
ung sult nén t6i da (Gmg suat nén nay c6 thé dugc phat hién tai bé mit hodc do sau bén
trong vat pham gbc thuy tinh) 16n hon hoic bang 400 MPa, nhu 16n hon hoic bang
500 MPa, 16n hon hodc bang 600 MPa, 16n hon hodc bing 700 MPa, 16n hon hoic
béng 800 MPa, 16n hon hodc béng 900 MPa, 16n hon hoic béng 930 MPa, 16n hon
hodc bang 1000 MPa, hoic 16n hon hodc bang 1050 MPa.

Theo mdt hodc nhidu phuong an, vt phim gbc thuy tinh gia cuong c6 thé c6
tng suét kéo hoic tmg suét kéo trung tdm tdi da (CT) 16n hon hoic bang 40 MPa, nhu
16n hon hoac béng 45 MPa, 16n hon hoac béng 50 MPa, 16n hon hoac béng 60 MPa,
16n hon hodac béng 70 MPa, 16n hon hodc béng 75 MPa, 16n hon hodc béng 80 MPa
hoic 16n hon hodc bing 85 MPa. Theo mét sd phuong 4n, tmg suét kéo hodc g suét
kéo trung tdm t6i da (CT) c6 thé nam trong khoang tr 16n hon hogc bang 40 MPa dén
nho hon hodc bang 100 MPa.

Theo mot s phwong an, vt phidm gdc thuy tinh dugc trao d6i ion c6 thé chua
cac ion 16n, nhu bac, d@)ng, xesi, hodc rubidi. Ham lugng céc ion 16n nay trong vat
phdm gdc thuy tinh dugc trao ddi ion c6 thé 1én t6i khoang 5% mol, nhu t6i khoang
3% mol. Theo mot sb phuong an, bé tai trao dbi ion c6 thé chira mudi c6 cac ion 16n,
sa0 cho céc ion 16n dugc tai trao dbi ion vao trong vat pham gbc thily tinh duge trao
dbi ion nguoc nhur mot phin cia quy trinh tai gia cong.

Theo mot sé phuong 4n, vat phadm gdc thiy tinh duge md ta & day tao ra mot
phén cta san phdm dién tir tiéu dung, nhu dién thoai cAm tay hogc dién thoai thong
minh, may tinh xach tay, may tinh bang, hoic thiét bi twong ty. Hinh v& dang so db

cua san phém dién tir tiéu dung (vi du, dién thoai thong minh) dugc thé hién trén cac
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FIG. 4 va 5. Thiét bi dién tir tiéu dung 500 gém c6 v6 502 c6 mit trude 504, mit sau
506, va cAc mit bén 508; cac thanh phan dién tir (khong dugc thé hién) ma it nhit mot
phén nam bén trong hodc hoan toan nim bén trong vo va bao gom it nhat by phan didu
khién, bo nhé, va bd phan hién thi 510 tai hodc lién k& v6i mit trude cua vo; va nén
phu 512 tai hodc ¢ trén mat trude cla vo sao cho né phu 1én bo phén hién thi. Theo
mot sé phuong 4n, nén phii 512 va hoic vé ¢6 thé bao gdbm vat phim bat ky trong sd

cac vat phim gbc thiy tinh gia cuong duge boc 10 & day.
Vi du thue hién sang ché
Céac phuong an minh hoa khong giéi han dudi day dugc dé cap.

Cac nén gbc thuy tinh duoc tao ra bang cac hop phan sau, trén co s& oxit:
63,60% mol SiO2, 15,67% mol Al>O3, 10,81% mol NaO, 6,24% mol Li20, 1,16% mol
7ZnO0, 2,48% mol P20s, va 0,04% mol SnO,. Cac nén géc thay tinh c¢6 do day 0,7 mm,
chidu rdng 44 mm, va chiéu dai 60 mm. Céc nén gbc thity tinh duoc gia cudng héa hoc
trong qué trinh trao d6i ion hai budc dé tao ra vt phdm gdc thiy tinh duoc trao d6i

ion.

Trong budc trao doi ion thir nhét, cac nén gbc thuy tinh dugc ngadm trong bé
mudi néng chay & nhiét d6 380°C trong 3 gid va 10 phut. Bé trao dbi ion thir nhét chira

75% khéi lugng NaNOs va 25% khéi lugng KNO:s.

Trong budc trao dbi ion thtr hai, cac nén gbc thily tinh dwgc ngdm trong bé
mubi néng chay & nhiét d6 380°C trong 25 phit. Bé trao ddi ion thur nhét chia 9%
khéi lwgng NaNO3 va 91% khoi lugng KNO:s.

Vat pham gbc thity tinh dugc trao ddi ion sau d6 dwgc cho tién hanh trao ddi
ion ngugc. Vat pham gde thiy tinh dugc trao ddi ion dugc trao dbi ion ngugc trong bé
mubi néng chay & nhiét do 420°C trong 2 gio, 4 gid, va 8 gio. Bé trao ddi ion ngugc
chita 41,5% khéi lugng NaNOs, 8,5% khdi lwong LiNOs, va 50% khéi luong
Ca(NO3)2. Céc vi du c6 thé cling dugc dé cap & dang “tai gia cong bang Ca(NO3),”.

Déi véi cac vi du so sanh, vat phém géc thuy tinh dugc trao ddi ion duoc tién
hanh trao déi ion nguoc trong bé mudi néng chay & nhiét do 420°C trong 2 gid, 4 gio,

va 8 gio. Bé trao ddi ion ngugc d6i ching chtra 83% khéi lwgng NaNO;s va 17% khéi
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lrong LiNOs. Céac vi du so sanh co thé cling dwoc goi 1a cac vi du “tai gia cong

chuan”.

Su gia ting khéi lugng trung binh, ndng d¢ kiém & do sau 30 pm dudi bé mat,

va do sau ma tai do néng do kali dat toi néng dd cua nén géc thuy tinh trude khi dugce

trao d0i ion cta cac vi du dugce do sau moi budce trao doi ion. Bién dang do sdu cua cac

thanh phan kiém dugc do bang cach sit dung phuong phép phd phét xa quang hoc

phong dién chép sang (glow discharge optical emission spectroscopy - GDOES), nhu

duoc mo ta & day. Cac tri s6 do dugc dugc thé hién trong bang 1 dudi day.

Bang 1
Vidu Vi du so sanh
Su gia Su gia
b6 léch Do 1éch
ting ., | K06 Li,O 6| | ting . )
, chuan Na,O & bo ) chuan | K;O ¢ |{Na;O ¢ | LiO & | Do
khoi murc muc | | khéi | | )
gia tang mirc sdau gia ting| mic mirc muc | sau
luong .. | 30um 30pum luong .
khoi 30um K20 khéi | 30um | 30um | 30um | K,0O
rung 1 e (% mol) % (um) rung 1 (mol%))| (mol%) | (mol%)
uon; 6 MO uong |(mol%))| (mol%) | (mol%
binh ¢ mol) mol) binh (um)
(%) (%)
(%) (%)
Trudc khi
trao dbi 6,24 6,24
ion 0 0 0 10,81 0 0 0 0 10,81 0
Trao d6i
jon lan thu| 0,612 | 0,003 0,613 | 0,006
nhét
Trao do6i
ion 1an thtr
hai 0,643 | 0,005 | 0,03 | 13,79 | 3,28 | 10,4 | 0,643 | 0,004 | 0,03 | 13,79 | 3,28 | 104
Trao d6i
ion nguoc| 0,27 0,001 | 0,03 | 11,11 | 5,95 |16,7| 0,204 | 0,006 | 0,03 | 10,74 | 6,32 18
2 gio
Trao dbi
ion nguoc| 0,197 | 0,002 | 0,03 | 11,16 | 59 |20,5(0,104 | 0,006 | 0,03 | 10,83 | 6,23 | 224
4 gio
Trao d6i
ion ngugc | 0,128 | 0,001 | 0,04 | 11,06 | 5,99 |24,7|-0,044| 0,006 | 0,05 | 10,37 | 6,68 | 27,3
8 gid
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Ty 1€ gia tang khéi lwgng do duoc duéi dang ham cia cac xu ly trao dbi ion
dugc thé hién trén Fig. 6. Céac bién dang néng do NaxO do dugc dudi dang ham cia 4o
siu tir bé mat dugc thé hién trén Fig. 7. C4c bién dang ndéng dd LixO do dugc dudi
dang ham ctia do sau tur bé mit duoc thé hién trén Fig. 8. C4c bién dang ndng d6 K,O
do dwoc dudi dang ham cia do sdu tir bé mat duge thé hién trén Fig. 9. Nhu dugc
minh hoa boi cac Fig. 6-9 va bang 1, viéc tai gia cong theo cac vi du Ca(NOs) va cac
vi du tai gia cong chuén thé hién céac dic tinh tuong tu, cho thdy cac qua trinh trao doi

ion ngugc duge md ta & day tao ra cic kha ning trao doi ion nguge thoa man.

Mic du cac phuong an dién hinh da duoc trinh bay nham muc dich minh hoa,
nhung phan mo ta & trén khong dugc xem 1a giéi han d6i v6i pham vi mo ta hodc cac
yéu cau bao ho kém theo. Do do, cac sira dbi, didu chinh va cac phuong 4n khac c6 thé
xuét hién dbi voi nguoi c6 hiéu biét trung binh vé linh vuc ndy ma khong di tréch khoi

tinh than va pham vi ctia phan mo t4 hay cac yéu cau bao hd kém theo.

38



45113 39/49

YEU CAU BAO HOQ
1. Phuong phap trao ddi ion ngugc & vat phim gbc thiy tinh duge trao ddi ion chira

lithi bao gom:

bude trao dbi ion nguge & vat pham gbc thiy tinh duoc trao dbi ion chira lithi
trong moi truong trao d6i ion nguoc dé tao ra vat pham gbc thuy tinh duge trao dbi ion
nguoc,

trong d6, moi trudong trao d6i ion nguoc chira mudi lithi va mudi kim loai da
hoa tri khong thé trao d6i ion.
2. Phuong phép theo diém 1, trong d6 mudi lithi 1 lithi nitrat.
3. Phuong phap theo diém 1 hodc 2, trong d6 mudi kim loai da héa tri khong thé trao
dbi ion gdm it nhit mot trong s nitrat, sulfat, va clorua.
4. Phuong phép theo diém 1 hodc 2, trong d6 mubi kim loai da héa tri khong thé trao
ddi ion gdm it nhit mét trong sb canxi nitrat, magie nitrat, va stronti nitrat.
5. Phuong phap theo diém 1 hoic 2, trong d6 moi trudng trao dbi ion nguoc chira mudi
kim loai da hoa tri khong thé trao d6i ion v6i lwong 16n hon hogc bang 5% khéi luong.
6. Phuong phap theo diém 1 hodc 2, trong &6 moi trudng trao dbi ion nguoc chira mubi
kim loai da hoa tri khong thé trao ddi ion vé6i lugng 16n hon hodc bing 50% khbi
luong.
7. Phuong phép theo diém 1 hoic 2, trong d6 mdi truong trao d6i ion nguoc chira mudi
kim loai da hoa tri khong thé trao ddi ion voi luong nho hon hodc béng 80% khbi
lugng.
8. Phuong phéap theo diém 1 hodc 2, trong d6 moi trudng trao dbi ion nguoc con chira
thém mudi natri.
9. Phuong phép theo diém 8, trong do6 ty 1& cua mubi lithi trén mudi natri trong mai
truong trao doi ion nguge nim trong khoang 10% cua ty 1€ ctia ham lugng lithi oxit
trén natri oxit ¢ trung tam cua véat pham gbc thily tinh dwgc trao dbi ion chira lithi.
10. Phuong phép theo diém 1 hodc 2, trong d6 moi trudng trao dbi ion nguoc 1a &

nhiét d6 tir 16n hon hodc bang 340°C dén nho hon hodc bang 520°C.
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11. Phuong phéap theo diém 1 hodc 2, trong d6 mdi trudng trao d6i ion nguoc chira kali

nitrat v6i lwgng nhé hon hodc bang 1% khéi luong.

12. Phuong phép theo diém 1 hodc 2, trong d6 moi truong trao do6i ion ngugc vé co

ban khong chira kali nitrat.

13. Phwong phép theo diém 1 hodc 2, trong d6 qua trinh trao ddi ion ngugc trong moi
truomg trao d6i ion nguoc kéo dai trong khoang thoi gian tir 16n hon hodc bang 1 gio

dén nho hon hodc bang 48 gio.

14. Phuong phap theo diém 1 hodc 2, trong d6 vat phim gdc thiy tinh dwgc trao dbi
ion nguoc chira K20 véi luong nam trong khoang 1% mol ctia hop phén & trung tdm
ctia vat phim gbc thuy tinh dwgc trao d6i ion nguoc sau khi trao d6i ion ngugc trong

mdi truong trao doi ion nguoc.

15. Phuong phap theo diém 1 hodc 2, con bao gbm thém budc trao dbi ion & vat pham

gbc thity tinh trong mdi truong trao dbi ion dé tao ra vat pham gbc thuy tinh dugc trao

ddi ion chira lithi.

16. Phuong phap theo diém 15, trong d6 méi trudng trao d6i ion chua:
NaNOs v6i lugng tir 16n hon hodc bang 15% khéi lugng dén nho hon hodc bang

40% khéi luong; va

KNO; véi lugng tir 16n hon hodc biang 60% khdi lugng dén nhé hon hodc bang
85% khdi luong.
17. Phuong phép theo diém 15, trong d6 qua trinh trao d6i ion trong méi trudng trao
db6i ion kéo dai trong khoang thoi gian tir 16n hon hodc bing 30 phut dén nhé hon hoic
bang 120 phit.
18. Phuong phap theo diém 15, trong d6 mdi truong trao d6i ion 1a & nhiét d6 nam
trong khoang tir 16n hon hoac bang 350°C dén nho hon hogc bang 420°C.
19. Phuong phép theo diém 15, con bao gdm thém budc trao ddi ion & vat phim gbc

thiy tinh dugc trao ddi ion chira lithi trong méi trudng trao ddi ion thir hai.
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20. Phwong phép theo diém 19, trong d6 mdi trudng trao dbi ion thwr hai chua:
NaNOs véi lugng tir 16n hon hodc bang 3% khéi lwong dén nhé hon hoic bing

15% khéi lugng; va

KNOs v6i luong tir 16n hon hodc bang 85% khdi lugng dén nh6 hon hoic bang
97% khéi luong.
21. Phwong phap theo diém 19, trong d6 mdi truong trao déi ion tht hai 1a & nhiét do
nim trong khoang tir 16n hon hoic bang 350°C dén nho hon hoic bang 420°C.
22. Phuong phép theo diém 19, trong d6 qua trinh trao d6i ion trong mdi trudng trao
dbi ion thir hai kéo dai trong khoang thdi gian tir 16n hon hozc bang 10 phit dén nhé
hon hodc bang 30 phut.
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Phan dugc loai ra
trude khi pht chong
dau vin tay va ditmong

\ 4

Phan duoc logi ra
sau khi pht chong
dau vén tay va trang tri

Loai bo
trang tri

»

Trao doi ion ngugc
trong mudi nong chay
chira LINO4

\ 4

Kiém tra

‘ Trao d6i ion

Mai nhén (loai bo
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