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In this article, we investigated the influence of the Ti/Zr ratio on the
structural properties, water wettability, and cell compatibility of TiZrN
thin films fabricated by sputtering method. All TiZrN thin films were
deposited at room temperature under working pressure of 5 mtorr by
dc-magnetron sputtering. By varying the Ti/Zr ratio through adjusting
the sputtering power of the Zr source, we observed changes in the
surface morphology, crystallinity, and water wettability of the TiZrN
films. Increasing the Zr sputtering power resulted in a significant
decrease in crystallinity and surface roughness. The contact angle
increased from 65° to 81°, and the surface roughness decreased from
5.53 nm to 1.42 nm. All the films exhibited good compatibility with
BHK cells. After 72 hours of culturing, the BHK cells proliferated and
adhered to most positions on the surface of the TiZrN films. This
indicates that TiZrN films have great potential for applications in
biomedical implants.

NGHIEN CU'U SU'ANH HUONG CUA TY LE Ti:Zr LEN CAC PAC TiNH
CAU TRUC, PAC TiNH UA NUOGC VA TiNH TUONG THICH SINH HQC
CUA MANG MONG TizrN

Pham Thi Mai Phwong’, Nguyén Piing Tuyén®, Tran Ba Pic', Nguyén Thi Thu Hién?,

Pham Vin Huin?, Pham Anh Tuan’, Pham Hang Vwong', Nguyén Duy Cwong'
Ypai hoc Béch khoa Ha Néi, 2Tru'o‘ng Dai hoc Dién lyc

THONG TIN BAI BAO

TOM TAT

Ngay nhin bai: 06/10/2023
Ngay hoan thién: 23/11/2023
Ngay ding: 24/11/2023

TU KHOA

Mang mong TiZrN
Phuan xa

Ty I€ nguyén ta Ti/Zr
Pic tinh dién

Pac tinh co

Trong bai bao nay, chung t6i nghién ctru Sy anh huong cua ty & Ti/Zr
1én dic tinh ciu trac, dic tinh wa nude va tinh tuong thich té bao cua
mang mong TiZrN dugc ché tao bang phwong phap phun xa. Tt ca cac
mang TiZrN déu dugc ling dong ¢ nhiét 6 phong dudi ap suat 5 mtorr
st dung ngudn phun xa mot chiéu. Sy thay doi ty 1¢ Ti/Zr bang cach
thay doi cong sudt phun xa ngudn Zr da lam thay doi hinh thai hoc bé
mat, do két tinh va dic tinh wa nudc cua cac mang TiZrN. Khi ting
cong suat Zr, 6 két tinh va do rap bé mat da giam rd rét. Goc dinh wét
da tang tir 65° 1én 81°, 6 rap bé mat giam tir 5,53 nm xudng 1,42 nm.
Tét ca cac mang déu cho thiy kha ning twong thich véi té bao BHK khé
t6t. Sau 72 gio nudi cdy, cac té bao BHK da phat trién va bam 1én hiu
hét cac vi tri trén b& mat cia cac mang TiZrN. Diéu nay cho thiy rang,
cac mang TiZrN rat ¢6 tiém ning cho wng dung trong cay ghép y sinh.
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1. Gigi thigu

TiZrN 1a mét hop chat nitride ba nguyen td gom titan (Ti), zirconium (Zr) va nito (N). Trong
nhung nam gan day vat liéu nay dugc nhiéu nha nghién ciu quan tdm do mot s6 tinh chat doc
dao vé do bén co hoc, 6 dan dién va kha niang twong thich sinh hoc khién no tr& thanh tng cur
vién tiém ning cho nhiéu @ng dung cong nghiép khac nhau [1] — [3]. TiZrN dac biét hap dan dé
sir dung 1am vat liéu phu do do ciing cao, kha ning chéng mai mon va chong an mon t6t [4] — [6].
Céac tinh chit co hoc va ma sat cua mang mong TiZrN la do lién két kim loai manh gitra cac
nguyén tir Kim loai chuyén tiép va nito. Lién két nay cung cdp mot do cong hoa va on dinh cao
cho vat liéu, dan dén d6 ctg va kha ning chéng mai mon cao. Sy ton tai ddng thoi cua Ti va Zr
trong vat liéu da hinh thanh sy lién két Ti — Zr 1am cho vat liéu c6 do cimg va kha niang chiu nhiét
dugc tang cuong [7], [8].

Mot trong nhitng tng dung tiém ning cua I6p pha TiZrN 1a trong linh vuc dung cu cat [9],
[10]. Trong cac tng dung lam vat liéu phu, vat liéu dung cu phai c6 do ciing cao, kha nang chong
mai mon va bén déo, ddng thoi co kha nang chiu duoc nhiét do va ap lyc cao. Lop phu TiZrN da
duoc ching minh déap ing dugc cc yéu cau nay [11], [12], 1a mot vat liéu phu hip dan thay thé
cac vat liéu dung cu truyen thdng nhu cacbua va gom

Ngoai dung cu cit, 16p pha TiZrN cling c6 thé duoc st dung trong nganh hang khéng vii tru
[13] — [15]. D9 cing va khd nang chong mai mon cao cia TiZrN lam cho né trd thanh vat li¢u
hip dan dé sir dung trong cac thanh phan bi tac dong boi ap luc cao va mai mon, chang han nhu
canh quat turbine va 6 do. Kha ning chéng dn mon cao cua TiZrN ciing 1am cho no tré thanh ung
vién tiém ning dé sir dung trong méi truong khac nghiét, chang han nhu cac wng dung trong
nganh hang hai va dau khi.

Mac du vat li¢u TiZrN c6 nhing tinh chat wu viét va co tiém ning ng dung I6n trong nhiéu
linh vyc khac nhau nhung Van con nhiéu thach thirc phai dugc giai quyét dé hoan toan khai thac
tiém ning cua né. Mot trong nhitng thach thire d6 1a phat trién cac k§ thuat pha phu hop dé ché
tao cac 16p phu TiZrN chit luong cao, vé6i thanh phan va do day dong déu. Ky thuat phin xa 1a
mét trong nhitng phuong phéap hiéu qua dé ché tao 16p phii TiZrN véi cac tinh chat mong muén.

Mot thach thire khac 13 hiéu rd cac co ché co ban diéu khién cac tinh chat cua TiZrN. Vi dy,
hiéu tng cua thanh phan va cu triic vi mo 1én cac tinh chét co hoc va dic tinh dién cua mang
TiZrN van chua dugc hiéu rd. Can tiép tuc nghién ctru dé 1am 16 cac co ché nay va tdi wu héa cac
tinh chit cua 16p phi TiZrN cho cac tng dung cu thé.

Trong bai bao nay, ching toi tdp trung nghién cttu Sy anh huong cua ty 1¢ Ti:Zr 1én cac dac
tinh cAu trac, dic tinh dién, tinh wa nudc va tinh twong thich té bao ctia cac mang TiZrN duoc ché
tao bang phuong phap phiin xa.

2. Thuc nghiém
2.1. Ché tao mang méng TiZrN

Céac mang mong TiZrN dugc lang dong trén dé thity tinh ¢ nhiét do phong bang phuong phap
phiin xa. Cac dé thay tinh voi kich thuéc 5 cm x 5 cm va day 2 mm duge 1am sach trude khi dua
vao budng phun xa. Qua trinh 1am sach bé mat dé kinh nhu sau: cho dé kinh vao dung dich
aceton va rung siéu am 10 phat; sau d6 cho vao nudc khir ion va tiép tuc rung siéu am 10 pht.
Qua trinh nay duoc 13p lai 2 1an. Cudi cing 13 dung sung nito dé lam kho bé mat mau. Thiét bi
phun xa duoc st dung dé ché tao mang TiZrN 14 cua hing Dada tai Vién ITIMS, Pai hoc Bach
khoa Ha Nogi. Cac bia phun xa Ti va Zr dugc mua tor hang Ultimate Materials Technology
(UMAT, bai Loan). Buong kinh céac bia Ti va Zr 1a 2 inch. D¢ sach cac bia phtin xa Ti va Zr déu
12 99,999%. Tat ca cac mau déu duoc ling dong & 4p suit 5 mtorr va thoi gian phin xa 1a 30
phut. Chi tiét cac thong s6 phun xa cia mang TiZrN duge trinh bay & trong Bang 1.
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Bang 1. Piéu kién phiin xa cdc mang mong TiZrN

Pidu kién phiin xa Théng sb

Khoing cich bia dén dé 8cm

Ap suét ban dau 5x 107 torr

Ap suiét phin xa 5mTorr

Nhiét d¢ Nhiét do phong

Nguon phiin xa dc (ngudn mot chiéu)

Céng suit Zr: 40, §O, 80, 100 W
Ti: 100W

Ti 18 No/(N+Ar) 20%

Thaoi gian phin xa 30 phut

2.2. Cdc phép do phan tich

Céu trac tinh thé cua cac mang TiZrN dugc nghién ciru trén may nhiéu xa tia x (D2 Phaser,
Bruker) sir dung bic xa Cu-Koy, A = 1.54178 A. Pic tinh hinh thai hoc bé mit dugc quan sat
trén kinh hién vi dién tir quyét (SEM, (JSM-7600F, JEOL). Hinh anh va do rap bé mat cac mau
dugc do trén kinh hién vi lyc nguyén tir (AFM: PicoPlus Atomic Force Microscopy). Déc tinh wa
nu6c cia mang duoc do bang hé OCA 50 system (DataPhysics Instruments GmbH). Tinh twong
thich té bao dugc nghién ciru bang cach thir nghiém mau mang trong moi truong nudi cay in vitro
su dung te bao than chudt (BHK) & thoi gian nubi cdy 1a 72h. Mau sau thoi gian nudi cdy dugc
nhuém mau str dung phalloidin 555. Mau sau khi nhuém méau dugc quan sat trén kinh hién vi
laser quét hoi tu ddng tiéu FV3000, Olympus, Nhat Ban.

3. Két qua thao luan
3.1. Bdc trung ciu triic mang TiZrN

Hinh 1 1a gian d6 nhidu xa tia x ctia cac mang TiZrN dugc phin Xa V6i cac cong suat nguon
Zr khéc nhau. Déi véi mang TiZrN dugc phin xa voi cong suét 40W, Mang TiZrN thu dugc co
Ciu tric 1ap phuong tAm mat véi cac dinh nhidu xa tai cac vi tri 35,45°; 41,01° va 58,87°. Pay la
cac dinh hudng cuia cac miat phang mang tinh thé (111), (200) va (220) cua pha (Ti,Zr)iN,
(JCPDS card n0.89-5214) [16]. Cac dinh nhiéu Xa cua cac pha thir cap nhu TiN va ZrN khong
dugc nhin thiy trong cdc mang. Pidu nay chi ra ring cac mang da phin xa la hoan toan don pha
ctia TiZrN. Thém nita, cac dinh nhidu Xa c6 hinh dang kha séc nét, diéu nay chi ra rang cic mang
TiZrN c6 do két tinh tuong d6i tot. Khi ting cong sudt phun xa cua ngudn Zr 1én 60, 80 va 100
W, cuong d6 cac dinh nhiéu xa c6 xu hudng giam dan. Piéu nay cho thay 1a khi ting ham lugng
Zr trong mang thi d¢ két tinh c6 xu hudng giam dan.

Dé quan sat sy anh huong cua cong suat phtn xa lén cAu trac mang TiZrN thi dinh (111) da
dugc phong dai 1én nhu Hlnh 1(b). Két qua chi ra rang khi ting cong suat ngudn Zr thi cac dinh
nhidu xa c6 xu hudng dich vé phia goc 260 bé hon lam cho kich thudc hat tinh thé bé hon. Diéu
nay dugc giai thich nhu sau: ban kinh ion cia Ti** = 74,5 pm bé hon ban kinh cta Zr** = 86 pm
[17]; theo cong thirc nhiéu xa Bragg (1):

2dsinf = na (D

& déy d 1a khoang cach giita hai mang tinh thé lién tiép, 6 1a goc nhidu xa, A 1 budc song tia x,
va n 1a bac nhiéu xa; n) 1 hang s. Theo cong thirc (1) thi d tang s& 1am cho 6 giam. Do ban kinh
cua ion Zr** 16n hon ciia Ti** cho nén khi ting lam luogng Zr trong mang nén TiZrN thi vi tri goc
nhidu xa s& c6 xu huéng dich vé phia goc 26 bé hon. Xu huéng dich chuyén nay hoan toan phu hop
v6i két qua da thu dwoc nhu da trinh bay & trén Hinh 1(b). Cac dinh nhidu xa cua (111), (200) va
(220) cua mau duoc phun xa & cong sudt 100 W dich sang céc vi tri 20 = 34,97; 40,52; 58,39°.
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Hinh 1. Gian do nhiéu xa tia x cua cac mang TiZrN dwoc phin xa ¢ cdc cong suat nguon Zr khac nhau

3.2. Dic trung hinh thdi bé mdt mang TiZrN

Hinh 2. Anh FE-SEM bé mdt ciia cdc mang TiZrN dwoc phiin xa ¢ cdc cong sudt nguon Zr khdc nhau:
(a) 40W, (b) 60 W, (c) 80 Wva (d) 100 W

Hinh 2 14 anh FE-SEM bé mit ctia mang mong TiZrN dugc phun xa & cic cong sudt ngudn Zr
khéc nhau. Ta c6 thé nhan théy dugc ro rang hinh thai bé mat mang khac nhau phu thudc vao
cong suit ngudn Zr. Khi cong suit nguf)n Zr bang 40 W, bé mat mang dugc ciu tao boi cac hat
tinh thé 16n tir 20-50 nm (Hinh 2(a)), dleu nay cho thay su két tinh tot ciia mang phu hop véi két
qua XRD & Hinh 1. Khi ndng cong suit 1én 60W, bé mat mang min hon, cac hat tinh thé bé hon
v6i kich thude tir 10-30 nm (Hinh 2(b)), didu nay cho thiy su két tinh cua mang TiZrN bi suy
giam, do d6 cudng do dinh nhidu xa ctia mang ciing thap hon khi cong suit ngudn Zr bang 40 W.
Khi ning cong suit 1én 80 W (Hinh 2(c)) va 100 W (Hinh 2(d)), bé mit mang co xu huéng lién
tuc va cac hat tinh thé bé hon. Sy thay ddi nay lién quan t6i cdu triic pha vat liéu: khi cong suit Zr
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cao gy nén bién dang mang tinh thé, do d6 kha ning két tinh ctia mang bi suy giam. Diéu nay
cling chimg minh dugc su suy giam cuong do dinh nhifu xa trong gian d6 XRD ciia cic mang
TiZrN véi cac cong suat ngudn Zr tir 40 W dén 100 W.

Dé danh gia d6 nham bé mit vé mat dinh luong, cic mang da ché tao dugc do dac bang AFM
va két qua, dugc thé hién trong Hinh 3. Mang TiZrN véi cong suat nguon Zr 40 W (Hmh 3(a))
cho thiy bé mat twong dbi thd rap, d6 nham trung binh Rrms = 6,84 nm. Khi cong suit nguon Zr
tang 1én 60 W, d6 nham bé mat Rrms giam con 5,53 nm (Hinh 3(b)), hinh anh AFM ciing cho
thiy bé mit mang da do tho rap hon so véi mau truge do. Khi cong suat ngudn Zr dat 80 W
(Hinh 3(c)) va 100 W (Hinh 3(d)), c6 thé thiy ring bé mat miu bang phang, tron nhin hon. D6
nham trung binh lac ndy lan luot bang 1,99 va 1,42 nm. Bang cach so sanh cac gia tri do nham
trung binh véi cudng d6 cua cac dinh nhiéu xa tia X ¢ Hinh 1 va anh bé mit mang FE-SEM &
Hinh 2, nhan thiy rang cudng do dinh nhidu xa cuc dai cang cao, twong tng v6i bé mat mang két
tinh t6t thi gia trj d6 nham Rrms 16n va nguoc lai, cudng do dinh nhidu xa cuc dai thap, twong
g véi do két tinh vat liéu thap thi gia trj &6 nham nho hon. Diéu nay chi ra rang do két tinh cua
vat liéu ti 1€ thuan véi gia tri d6 nham Rrms. Noi cach khac, su thay dbi gia tri d6 nham rms vai
céc cong suat ngudn Zr khac nhau 1a do sy khac nhau vé do két tinh cua vat liéu mang.

50nm

~0nm

Hinh 3. Anh AFM bé mat ciia cic mang TiZrN dwoc phiin xa & cdc cong sudt nguon Zr:
(a) 40 W, (b) 60 W, (c) 80 Wva (d) 100 W

3.3. Ddc tinh wa nwoc ciia mang TiZrN

Hinh 4 cho thiy kha ning dinh wét cia mang TiZrN véi cac cong sut ngudn Zr khac nhau.
Goc tiép xuc véi giot nude clia cac miu mang twong (ng VGi cong suat ngudn 40 W, 60 W, 80 W
va 100 W 1an luot 1a 67°; 75°; 78° va 81°. Cac mang TiZrN voi cac cong suat khac nhau déu c6
tinh chat mang ua nudc. Trong d6 goc tiép xtc nho nhat bing 67° twong (g véi cong suit 40 W,
goc tiép xtic 16n nhit bang 81° twong tng voi cong sudt 100 W. So sanh voi gia tri dd nham
tuong (mg, ta co thé thay rang goc dinh udt thay doi theo do nham ctia bé mat mang TiZrN. Goc
tiép xtc nho d6i voi cac mau coé dd nham bé mit cao hon. Két qua nay phu hop véi cac bao céo
trude day, cho thiy déi véi vat lidu ua nude, goc tiép xuc giam khi d6 nham bé mit ting va diéu
nguoc lai d6i vai vat lidu ky nuée [18], [19].
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Hinh 4. Géc tiéep xic cua giot nudc voi bé mat cac mang TiZrN dwoc phiin xa
0 cdc cong suat nguon Zr khac nhau: (a) 40W, (b) 60 W, (c) 80 Wva (d) 100 W

(b)
e g P,
50 pm
(d)
Loy =9 Sy
50 um

Hinh 5. Hinh anh cac 1é bao HBK bam lén trén cac mang TiZrN dugc phiin xa
VGi cdc cong suat nguon: (@) 40 W, (b) 60 W, (c) 80 Wva (d) 100 W
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3.4. Khd ndng twong thich sinh hoc ciia mang TiZrN

Hinh 5 cho thiy d6 bam dinh cta té bao BHK trén mang TiZrN véi cac cong sut nguon Zr
khac nhau sau 72 gio nuéi cdy. Tur Hinh 5 c6 thé thdy cac té bao BHK hién thi hinh thai binh
thuong cua cac té bao nguyén bao trén mang TiZrN. Mat do té bao BHK ton tai trén mang giam
dan theo sy ting cong suat ngudn Zr. Piéu nay dwoc giai thich 1a do d6 nhdm bé mat ciia mang va
goc dinh u6t. Khi dd nham bé mit mang thip va goc dinh uét cang cao cac té bao sinh hoc kho
bam dinh va ton tai dugc; nguoc lai khi d6 nham bé mit cao, cac té bao c6 kha ning bam dinh va
ton tai trén bé mat mang nhidu hon. No6i chung, cac mang mong TiZrN ché tao duoc bing
phuong phap phtin xa cho thiy kha ning tuong thich sinh hoc cao va c6 tiém ning tng dung
trong cac linh vuc y sinh, y té.

4. Kétluan

Nghién ctru nay da ché tao thanh cong mang mong TiZrN bang phuong phép phin xa voi cac
cong suat nguon Zr khac nhau. Su thay d6i vé ciu triic cling nhu mot SO tinh chat dugc phan tich
¢6 hé théng. Sy thay do6i cong suit nguodn Zr anh huong truc tiép dén cau tric ctng nhu hinh thai
bé mit mang, cong suit nguon Zr cang cao thi 46 nham bé mit mang cang thap, kha ning truot
nude cao, va kha ning bam dinh ciing nhu ton tai cia té bao sinh hoc ciing thap hon. Mang
TiZrN ché tao dugc co6 d6 nham bé mat tir 1,42 dén 6,84 nm, cac mang déu thé hién tinh chat ua
nudc voi goc tiép xtc giot nudce tir 67 dén 81° va déu cho thay kha ning tuong thich sinh hoc té
bao rat tot, c6 tiém ning rat Ién cho cac tng dung y sinh va trong linh vuc y té.

Loi cam on

Nghién ctru nay dugc tai trg boi Bo Gido duc va Do tao trong dé tai Ma sé “CT.2022.03.
BKA.07”.
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