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Abstract: Effect of heating rate on the dehydration process of borax was studied by using thermogravimetric
analysis, and the optimal heating rate was determined. The calcined temperature, calcined time, and sample laying
thickness were selected as influencing factors, with the dehydration rate, content of sodium tetraborate, fluffiness,
and minimal inhibitory concentration as evaluation indices, the calcination process of borax was optimized by the
method of analytic hierarchy process (AHP)-criteria importance through intercriteria correlation (CRITIC) combined
with response surface test. The changes in microscopic morphology and compositional structure of borax before and
after calcination were analyzed by scanning electron microscopy, infrared spectroscopy, and Raman spectroscopy.
The anti-inflammatory activity of calcined borax was investigated by lipopolysaccharide (LPS)-induced RAW264.7
cell model. The antioxidant capacity of calcined borax was assessed by the scavenging rate of 2,2'-azinobis- (3-
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ethylbenzthiazoline-6-sulphonate) (ABTS) radical for furtherly evaluating the quality of calcined borax. The results

showed that the optimal heating rate for the calcination of borax was 10 °C -min”', and the optimized technical

conditions were as follows: the calcined temperature was 293.31 °C, calcined time was 47.44 min, and sample

laying thickness was 0.54 cm. After calcination, the microscopic morphology and compositional structure of borax

were all changed, and the in vitro anti-inflammatory and anti-oxidation capacities of calcined borax were enhanced

compared to those of crude one. The established calcination technique of borax is stable and feasible, which can

provide guidance for the industrial production of calcined borax.
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Wb R 44 R, X A, 8T AR A
BN, B ER £ R0 VU GRS T S 2 s, S
7K VU % 4 [Na,BO,- 10HO], X 5 {E Na[BO(OH),] -8HO,
BATE PR TEIAE H R SUEFIN R L4 LIk
9, BT A UL S MRS D A UL, BB D A i 32
P I B 5, M) i vl A0 e Rl A, PR AR L 7 1k
SR, I3 BRI USSR VR F, 32 22 T VR 97 A ek
I i BRI B R B B B4 4 . B A DO AR AT
B ) B 24 R KRR SR 2 MM R T, S
W AR A FH 24 . B S H 32 BEAR HE A i 0
YO f WA JER 24 6 R AT M) AEAS R 3t Xty R A D7 v A
S A WATAE 2 5, Wi 1b 2= 07, IR 1 &
BRI CE FIR A BOIR 7, VI IR 2 4 KT 2K,
B HEE. WWERIESET T8, &5 LI
ANTEJHY I R, 45 21 B M ) i Sy R AR, HL R
SR TE S T R A 1) KB o] )L T B A A A, L
2 A WOHDRS, SURIBRAE 2 B0 N5, 75 52 PRAE
R R G R SR A A TR, AR T AR T I R
ST S . BRI, FE RIS T2 7, LR A
CIEGEONIZE S i €73 s S 38

AHIE T S AT B AR AT T 04 48 ) i 7K
RERE, SR DA T B o P 1) R 18 J 2 Dl =% 2 A
3R, DURIKER GRS DUBITIR SN 2 B L eI T o vk 2
7 LR bR, K H 2 5 Hr-IRAE % (analytic hierarchy
process - criteria importance through intercriteria correla-
tion, AHP-CRITIC) J& & MLV £ 48 b5 HEAT 45 & VF
7y, JE 45 & Box-Behnken Wi N [ 118 176§ b 4 £ 15 4 1
T2 faic AR BE A4 &b 8 il %t i)
WO R BT i BB IR e 5 A AT EL A,

[ei B3 5 I 22 5 5 ) RAW264.7 40 i A 780 J% Ak
HMTUEAG LTS, I KB T JS 89T R PR Tt
TV, B AE B i ol Ak AR = S e s SCRF, B
A SIM i R RS E AT

MRS A%
B SO A RE (ATCC 25923), T L

BB RA T . ¥ &5 O R ER B R T 7R B
JEFHR E, T37 °CH A TR J5 24 h, B FRWHE I 5
AR, & H .

YHAE N B A% BN 20 Bk RAW264.7 B
TAEAY) TREA IR A AL (15 CX0022), ¥ 7% T
B 10% Jif2F 3% 1) Dulbecco's Modified Eagle Medium
(DMEM) =il Rs 72, BT 37 °C.5% CO, 4Nl i %5 77
Frh, BRI, A0 B2 P 21 80% I HEAT £ 4K

HESERE W, LS 230501, =il 4%, 1
B AL 2 B 4R 5= 2 A BR A |, &R 5 R 25 K%
RS BB EREE AR ST, AR LT Y
B RD 22 K T R 4 . W R (M A, S
170303486D, B 5% A 2%l 5l I 43 A B A 7l ); 6 BR W o
(5 M4l iS5 20240718A, LLIA R A IR 2 7)),
MHB K; 75 58 VE IR W (8 s B Tl g AR
FAREWRAF); &R ERME (Wt g
¥4 1A BR 5T AT A 7)); CCK-8 4H A 184 5 % 41 P 75 P4 A
WA & (LAY TRERA A, 185 EK0527);
NRZHE (AL ZRERHARA A, 155 L8880); NO
Bk & (LB s RAEMEREGRAA, 75
S00218); 2,2"- R %(- XU (3- £, 3k 7% 5 e IR Ik -6 R B ) — 4%
#h (ABTS, #t 5 : C14565258, [ i sk AL L BH A
IRA A

UEF  AXI24ZH T RF (WA R A A);
MF-5-14TP #8 2 LB A (B9 5 25l A AR B A PR A
F]); SW-CI-1D % TAE & (LI 7 28 H B A
]); STA 449 F5 Jupiter & #4 # 43 H1 4% (48 [ Netzsch 24
#); D8 advance A25 %4 X Hf £ 4 A AT 51X . INVENIO
ZLAM G TE AL (15 Bruker 22 &]); JSM-7900F H ¥~ 7 4
HL B (H A JEOL A #l); $i 2 )t 1% {¢ (H A& Horiba
LabRAM HR Evolution % #]); New Brunswick Galaxy
170 S CO, K5 7%= 46 (4% [ Eppendorf 22 #]); Multiskan
SkyHigh B #51¥ (32[E Thermo A 7).

R B0 K I Bt 7K T A2 3R

Wb I 256 o BT B AREUIT D M oK (G 5 5
i) 2310 = 0.1 mg, B T =% 8. W%



- 3204 - 2% %4k Acta Pharmaceutica Sinica 2025, 60(10): 3202-3213

P BEEES N a-ALO, TR JE 10 °C-min”,
THIRYE B 20~800 °C. =5 2 YR, id sl b ¥
#OE - Z 8 F & A (thermogravimetric-differential
scanning calorimetry, TG-DSC) k.

AFTHRE R T A E 2 BOE R K
AR, A B A EREAT I . B THR 5,10,
20 °C-min", FH X 5] 20~800 °C, 7E A |5 F+ il id %
I M HEAT P I FAAE A

BRD S A B J1 AR 0 AR AR SR S R B 7)
PG, TELME TR A N BIRD 1) 23 il Bh 70 5 T R L
= (1):

G(a) = * da

T

ey =g e Gar ()

(1) H: pATHEE %, Komin; 4 N FE FT T,
min'; E N3G fE, kI -mol™; £ (a) N M AL HE B 4
o NIR M, %, TRHIE, Ky R A E L,
8.314 J-K"-mol,

TERACGE R, o HERALAKE

m, — m

e .

3 (2) W mg A m, 3 3 R il B 46 R B 7K &5 TR
J B, m, FE S PE N ARG R AN AR R T =

1% X Flynn-Wall-Ozawa (FWO) £ 5 J5 F2 #E 4T
it b, BP45:

A _ £
lef = leg oy~ 2315~ 045677 3)
AL ZE— g ), 2 (3) AT AT AL
lgp = Const — 0'4527E “)

WALRE E B (4) AR R N F AR R 1gp
11000/ T H Bl 1 B4R Em A, WLl (5) :

E = - kR/0.4567 (5)

X B 2847 8 /3 A1 (X-ray diffraction, XRD) X F
I s Aot WD AT M, W B IR 2N 10 °Comin’!,
B IR TG SR A S IR A AT IR P . B
WA (ST) 20 5 F 50,90, 150,275,400 °C 5 & T 4%
il 30 min, HUH JECE, B8 SO A 200 H & H, 45
ADI~D5. HUS1.D1~D5¥ K& &, £ X B 2 A7 51X
FE SRR A . A 2% PR N 6 TE N CuKa 48
S, Ni FJ8 3, X8 TAF HE 9 40 kV, HLJLN 40 mA,
S E A, BREE N6 (°) min, HEIEHE K
59~70°, K45 FAL P S N JADE 9.0 4 #r #A4:, #E47F
W SRR TSR A B, R BT 15 20 5 PDF
PR A EAT LI

HH T EH DB 52 05 5 i TR R ) 4
WSS MR K 76 P SE A6 LAl I, R BB AR (4).

JB IS (8] (B) FHAH )5 (C) NFEZERIER, LURAKE
VU P82 4 5 T4 A R e I 11 T o VA B A R PRI
fabx, BEAT RIS BT .

FRKEF BRRS ISR B EH AR R R K, R
IKFIRIRTE — @Bl 2, WD 2R 25 10K o o R 46
JRE T A b . SR S BRI s R K R, R I
il /T BN M, B RN M, RKERIERN
[(M,-M,)/M,] % 100%

VOB AN &5 DUB R AN S AR R 1 = 2B
L, HEESEBERWA K. e T iEY: iR 4
0.4 g, K% FR5E, BT 250 mL IS, i 25 mL /K
ARG, NN 0.05% FFIE 2T 35 7R 71 130, 30 R i e
(0.100 4 mol-L™") i &AL AR A5, 30 s A HB (1,
A2 T R IR 52 A 24T 10.09 mg (¥ VY BH ER 44

HEAAFE TR GBI 5 R R AR RS, S ONE A B
PERANIEIR B AL FE AR . FERABE DUB IS IR S &
PR BARFAA BT By 1) A7 ot AR R R W
Jiik B R (M) FBIRD (4 505 2T RS
W, BB R S 100 mm £ A4, I E B S AER R
b, REPRSE BB AR (V) AR B, il Sk
M, REA N VM.

BARII R IR Y BUAR 25 BEAE 7T R W, B RD %o 4
B 07 2] BR R S50 LA VR A AR Y, S (A R
JE & F e A E AR AT AR K I IR ARG IR I, ik
BHAENABAE M bs . ME ik B0 & st
A BR B, 8 IR W B IR 3 AT 55 9%, Mueller-
Hinton Broth (MHB) ¥ 1A % 77 5 1 B 18 W W [ AN
1x10° cfu-mL™", I FH B A F MHB ¥ 18 55 772 2 f B 2
1x10° cfu-mL™" T #0708 5256 . %21 2590k HI MHB ¥
A% 75 I VA, I 1) BRI BE A 128 mg-mL™ [ fif £ A
W, T 96 FLAR AT B S 56, B SCERM g ik, Bk
EEAE AR 96 FLAR H B W HE— AN, 7E S HE 2R —
AL I 200 pL ZAE A A W, R AL
BN MHB 85 9% % 100 pL, F 5% 0kE A 55 — A FLI EX
100 pL ¥ S fif & A 5 — N LI 8 0 AT IR 2, Bl
13 30 A5 R R P IR SR TR, R R E X Wik
FE AT S R AR, AR A B0 AN R IR BE 29 W, e Je —
AN LA I A N AXT IR . e, EAEFL RN
NFEREUT HI 100 pl, %5 96 FLAR B T 37°CIH I 1 7%
ks R 16~20 h 5, HMLWLER4E B, B i Sl AL 5 X B AL
XFEE, W08 20 B AR B

CRITIC & — M & MR BLE, &2 TR iR 5 5
SR HALEN . 3@ I IR G B AT PR AE AL (X))
RN (4)) T 5, A3 B K Fa b BUE (W)). AHP &
—Fh 3 VA AL T, B LA A RN R R H



RSTREAC A AL A B o 7 o R R B il 2 08 A T i PP AR 1 5 -+ 3205 -

b, % [F] — 2 U DR 21 1R AT T R b, T 0 B R
AR W R B & R R A Y . ARSI koK
ROTERSFE VYR IR 25 & B AR 1 5 v P 1 e 2
JI A L E e T LA AL, S FR AR IR SR T R
MM B R IR B > AT > DUB IR BN & & > KRR,
4 FhAR AR A G O FE B AR e AR B . K A AT
U AT 4 v 0 W 1 R R AT HE AR A 3R IR (6) 1
HEGHE (v):

o, = oAHPwCRITIC/Z w AHPwCRITIC (6)

23 5% 48 CRITIC 7 . AHP % )2 AHP-CRITIC &
B IR A B BB 2R 56 45 BT AV,
ZEOVRSr = [ (RAKE )RR E B R AE) < FKEFRE R
Ko+ (VU AN & &/ VOB R AN & B i K AH) x DUAH R
AR R+ GEME / FER i KAE) < B
B FREL + (AR A bR R B A /M / B AR B VR ) <
B AR A T PR R B < 100, 5% Ja B B BHR EE
3t i) 1) R 4 O AR i, BAZE A VR A1 e B
&, f# ] Design-Expert V8.0.6 X 1 i 17 Box-Behnken
Beit, AR (B T2 .

BREIFMN

P BEE T U ERY A (ST I 5
(D1.D2) LA K 8% AR M) 20 464 1 I 1Bk 5 (D) #
K, YL & R AE T 15 B b, REZ R K.
B I R O 3.0 kV, AR TAEREE N 12 mm A2 45,
TR A% $050.600.2 0005 000 1, W 4E B4 .

LEANEE BT 40 BIELS1.D1.D2.D FE ik K i
&, BN E b, B R 5 A B, 75 4 000~
400 cm™ HEAT I E, FEASRE L R IT 32 K

B2 68 2 HIECS1.D1.D2.D B ok oK
(i 60 H i) &, B TR, RS, M Sk R KR
mh R AT ORI R, WE RS BUROBE N
785 nm, Y6 B I 7 54 2 000~40 em”, O TR
N300 mV, 1.5 m MRSk, SR OG5 EE 100%,
I 18] 100~1 000 ms, “T-H1 K ECH 3 7%

CCK-8 M uE L B A KA RAW264.7
2, v AN M O R T 5x10° A, B AL 100 pL 2
BT 96 FLAR F, I B T 37 °C 5% CO, 5 3741 Hh 15 3%,
R 2 M W5 BE J5 ) 37 25 IH RE IR 38, 2 A N0 0 2 8 i
b (B A 2044 N ML) R R R 12.5.25.50,
100.200.400.800 pg-mL" ] DMEM $32# 100 pL, [F]
% B S AL R 2, 4k 8215 3% 24 h, £ R CCK-8
ERTI RAW264.7 U735 28 . BRI E 4 NS AL, 5
WE 3R I (7) AR
A, -4

TG R /% = ZH % 100 (7)
Ay~ Ay

3 (7) A, RS OGR4, X IR (O
S 25) MG EE; A N FTAL (R I RAW264.7 2 1)
(IR B

NO KT  HUH A K ) RAW264.7 41, 1% &
i % N R T 5x10° AN, B AL 100 pL B2 F T 96 fL
R, IR E T 37°C.5% CO,K: 7= 4 i & 24 h, Fr4il il
WG EE J5 , W 3E B3, NN 259K B ¥ DMEM K 77 i)
100 pL, 2% X IR 2H AR NN 100 L 58 4 1% 77 4,
REHBEE IANEAL, 559720 he BRA AXTHRALAN, %40
BEALINN &K EE N 1 pg-mL" 1) I £ B% (lipopolysac-
charide, LPS) 5 5 RAW264.7 40 it 16 h, " HX 50 uL I
TERFRICT 96 FLEE IR IR, 1% M Griess 577 & 5t ] 5
AT ERAE, T EEARAX 540 nm AR 2 IR BE, I HR 45 A v
B2k iH 5 NO K .

ABTS H HZEERE  FHIAS B E e A &
A 1) K VW, 43 N 0,156, 0.31240.625+ 1.25,
2.5 mg-mL". MR STER! 7%, B 7 mmol- L' ABTS
W, 2.45 mmol- L 1 Bt R A VA VR, SR RR 5T, ik
SN 16 h, 75 ABTS H HFEAE %W . FH/KH B ABTS
B EH i % VAT RO FE IR 0 0.70 £ 0.02. T 96 FLIR
H 23 NN 100 L AN [5] 34 52 P A0 10 24 it R A o i 7K
W, T LI 100 uL ABTS TAEVK, 250 T #Ok
SR 10 mine 7E 734 nm R WOG FEAE (4), AR 35X
(8) HEATIHE .

ABTSIiFFRH/% = (1 - 7/11; L) <100 ®)

0

X (8) Hr, 4, N AK + ABTS TAE VIO JE
A CNBERR + ABTS TAEWR IR IEIE; A, NEBAK +
B SO

Z#HR
1 TRRD BRI Bk E F2 AR 5%
1.1 M EEE R hEE

WD ) TG-DSC i 26 WL 1A 25 R 2w, #he ith
LRAFAE AN R B B, 7F DSC i 2% v A7 78 9 AN W A
U . B AN K E Y BN IR FE N 40~130 °C, X R
K L R 32.74%, 25 7 NG S K B BRI R FLAE N
33.07%. BRth, B B BIRD IR 2564 0k 25 7 S 4 oK,
5 DSC i 28 55 1 AN W AR i A 0P R o Bl JE Bl 7E
135 °CH 4R K A2 58 2 IR R BE, % B I AR 1 W {38 P
146 °C, [ MR A 135~173 °C, % b i 2% 5 H il oA
4.41%, K 1A K (FR K E N 4.72%), 5 DSC
i 25 55 2 AN R X N . THE E 173 °CJa 22218 57
BERIE, b5 3 500 °CH #2873, K E 45 H, 4
IS 1R 2K B DN 9.24%, IR 43 2k B oK H B i) B AR 48



+ 3206 -

2% %4k Acta Pharmaceutica Sinica 2025, 60(10): 3202-3213

SER R A IR B, JLTE AR B K B BT A0 R 2 4N K
ST . EEALES, MW EGH KRG N
46.39%, 5K 2 10 7K I B8 2Kk HH 47.24% AL .
IRk, BT BAIACNTE 500 °CHY, B RD R 2544 it 25 42 5 7K oy
To AR BIRD J5E 24 4 75 AR Sy T o B B K L, AR
HE R S B I B TE 146 °CLL N .
1.2 FHRIREZEX A AR KT FER R

AFTHEER T A E A& 0L 1B, i E
AL, i Z AN ], P K Z IR AR . R
R, LA il 2T 22 . IR 1 S TT G IR R R
48 TR JE B A T I R KT 3R s, R i T ERR T
ThiR I FE A R RN TS . WA B AF A — S
AL, JBC IR A T I T Ry, 2 IR A R 2K R (1)
K53 T i HE 5 3505 0 v R s R PR B, T A
A EH 2 . R AT T B, B KB e A T I
FIEFE 10 °Comin™', I 2 i 7K S SN 92 70, AH X
SN BT TH] 78 A2 o
1.3 EAFEHEXDH

FH B A 1) 4 R il 28 0] i, 7 313.15~446.15 K iR
FE VA, B SR i 2 20 8 48 K, 12K L FE 43 A
RN HEAT, 8IS Ozawa J7 #2070 3 1 48 i 2K L
8 Ik A R SRR B A AR A [R] 6 TR R R RN
HUARSEBEMXR, SR IELC, LR N
10%- 20%- 30%- 40% - 50% 60%- 70%- 80%- 90% ]
8, £ — 2 AL E N, Plig p-1 000/T 1E &, 45 5 0L B

1D. Wb iEILAE S KR e Rk WE 1E.

Ik 2 B SR, S AG R R — RO, T
IS ) 356 A B AR IS AN B TG 7K 28 (1 8 Ak 1 A8 4L . EH I 1E
AT, 78 WK ZR /NI, ST BR R K, Tk B AE B
WITEATRHD 28546 1 2 0 S BE [ 7K 20 - B S B AR N 75 5
KA SE RPN FIEKAR T ER & . EHKE
0.1 <a<0.6K, iFEE(E H 104.561 2 kI-mol” [% 3|
44.672 0 kJ-mol", i 1k BE Bl A& Mt 7K 2 1) F iy 1 P A1K
H R SRR, o] S e B, w1 A
AT I S B AR, B S R R RO AR . AR B K R
0.6 <a < 0.9, iEHAEME HH 44.672 0 kI-mol” F [ 2|
26.123 4 kI-mol”, T P8 BRI, HEM %0 7 0] R 20
1.4 XS5 9

Ik XS 2 AT B ARG WA A ) 5 B B PR A
S i, P 52N ) UL T BB R A A P R e, 4 SR L I
2. WRDAE 5 E E K5 4 Na,B,O,- 10H,0, HAFE 5 i
I3 HIAE 20 15.637°.18.378°.22.657°.30.082° . 31.472° .
34.389°.35.195°.38.463° 4k, I XF I i THI [A] BE (FH %o U
H8) 73 A 0.566 (100.0).0.482 (6.0).0.392 (7.5).0.297
(4.6).0.284 (81.9).0.256 (10.8).0.255 (8.2).0.234 (6.5),
Ebr#E-E A PDF 012-0258 (borax) AHULEL, 8 A 1E
D1 1F 20 15.646°31.474° kb AT5 47 1F 7K DU 5 R
PR AN BIRREAIE e, L 6F . ot THT B) BE (CRE X U 5 43 3l
0.566 (100.0)~ 0.284 (50.4); D2 1] 4 1iF 5 U 73 5 78 26

]
HH o

5
A 100 €X0 B
| #95.5°C 114
32.74% ——TG =
90t DSC 13 B
X 46.39% 1?2 X
> 80F %
E I
= lo B =
£ 70f L — S b=
5 149 % 5
6l 15 F s
50| E
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Temperature / °C Temperature / °C
C 100 D E 120
13F * = 10%
° 20%
80 - 12} A 30% 100
v 40%
60 | L1F * 50% %80—
o
& Sanl A < 60%| 2
= 1 > T0%| S g
A il o 80%| =
—=—5.0 K-min’! ’ * el Bl
20+ ——10.0 K-min™ 08+
——20.0 K-min™!
ok 07+ 20
320 340 360 380 400 420 440 23 24 25 26 27 28 29 30 3.1 0 20 40 60 30 100
Temperature / K 1000/T @

Figure 1

Investigation on dehydration process of borax using thermal analysis techniques. A: Thermogravimetric (TG) and differential

scanning calorimetry (DSC) curves of borax; B: TG curves of borax at different heating rates; C: Relationship of «-T at different heating

rates for borax; D: Diagram for lg -1 000 /T at different a; E: Relationship of E-a for borax
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Figure 2 X-ray diffraction (XRD) pattern of crude and calcined
products of borax (D1-D5)
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Table 1 Test design and results (n = 3)

RASE o ) AN R R R AR S
2 R EEEI T Z A
2.1 MR AR T

SR Sy 3 oo WA AT B, v E R A
10 °C-min", 44 SEE6 08 H [F) — B A i, A5k 20 5K
KEE I, LWERNE .
22 ERIRENRE

CRITIC ¥ v 5 AL AH OC $5 A H0ds W3k 2, 1H A5
FIRIKEE ERL DU RREN 2 & e A4 B VR ¥ 4 Tl
FrAUE R H03 58 0.162 7.0.469 8.0.159 8.0.207 6.

AR AHP 310 48] 0 W 46 B (3% 3), FF 0t 5 B 3k
AT — BUME A 56, — B0 F8 b5 (randomization index,
RI) = 0.882, — £ V£ Lt 45 [l F (consistency ratio, CR) <
0.10, 3 B R4 2 (19 0 7 B0 50 0 B B R 1 — 3k, 19
FIFIRE RBCA . AHPIRIG B K ER GEM U
TR 0 = R I A T VR FE 4 T H b AR R B0 il
0.124 3.0.307 4.0.214 0.0.354 5.
23 ZFEIFMITE

b AT S B KK R DY B R R
A FE B A 00 5 o B 9k 4 T4 b ) 4 B B R B
5°40.074 2.0.125 3.0.530 2.0.270 3. Zi&iFr 45 #
W 4.
2.4 Moz 54

F FH Design-Expert V8.0.6 # A4 X &5 A VF 75 45 Atk
172 ol AU, 13 BIL5A PR 5F 4 BRI C 1 Ik 2 1
X E T PR Y = 95.78 + 3.764 + 1.31B - 7.06C —
2.974B - 1.79BC + 7.384C - 36.984> - 8.58B* - 2.35C%,
725 BT (R 5) &5 R BIR, 1A P < 0.000 1, HA
F RWI P =0.103 9> 0.05, Jo 5 M, B i N AE

No Temperature Time Laying thickness Dehydration Content of sodium Fluffiness Minimal inhibitory
) (A)/°C (B)/min (C)/em rate/% tetraborate/% fem® g concentration/mg-mL"
1 150 20 1.5 33.85 78.38 1.26 4
2 275 20 0.5 46.75 94.28 4.98 2
3 400 20 1.5 47.55 96.95 1.50 2
4 275 45 1.5 47.01 95.64 5.89 2
5 400 70 1.5 47.50 96.63 1.01 2
6 275 45 1.5 46.90 95.63 5.84 2
7 150 45 0.5 42.05 88.50 3.20 2
8 275 45 1.5 46.90 95.66 5.51 2
9 275 70 2.5 46.80 95.07 3.89 2
10 400 45 2.5 47.70 96.66 1.14 2
11 275 45 1.5 46.90 95.62 6.39 2
12 275 70 0.5 47.05 95.84 5.80 2
13 275 45 1.5 47.12 96.23 6.17 2
14 150 70 1.5 40.15 85.13 1.98 4
15 275 20 2.5 41.40 89.53 4.10 2
16 150 45 2.5 35.00 79.72 1.38 4
17 400 45 0.5 47.50 96.57 1.29 2
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Table 2 Relevant index data of calculating weight by criteria

importance through intercriteria correlation (CRITIC)

. . Content of Minimal
Evaluation Dehydration . .
. Fluffiness sodium inhibitory
index rate .
tetraborate concentration

Sj 0.749 0.905 0.753 0.907

Aj 0.718 1.717 0.701 0.756

Cj 0.538 1.553 0.528 0.686
Wi 0.162 7 0.469 8 0.159 8 0.207 6

Table 3 Judgment matrix of evaluation index of calcined borax

Content of  Minimal
L Dehydra- i o
Evaluation index . Fluffiness sodium inhibitory
tion rate X
tetraborate concentration
Dehydration rate 1 0.333 1 0.2
Fluffiness 3 1 1.25 1
Content of sodium 1 0.8 1 0.833
tetraborate
Minimal inhibitory 5 1 1.2 1
concentration

Table 4 Comprehensive scoring results

Analytic hierarchy

No. CRITIC CRITIC + AHP
process (AHP)
1 88.58 92.19 87.49
2 95.54 96.91 95.20
3 61.29 74.64 56.33
4 79.56 85.55 78.80
5 73.04 81.20 71.35
6 95.13 96.64 94.77
7 94.93 96.53 94.49
8 52.56 57.88 47.07
9 44.04 49.84 39.29
10 92.73 95.07 92.05
11 45.53 51.01 40.63
12 62.30 75.28 57.52
13 99.14 99.26 99.29
14 60.26 73.96 55.22
15 97.71 98.40 97.59
16 63.91 77.67 59.31
17 80.78 87.18 78.62

55 TIME 2 [0 A7 B i & BE AN AT S B o DRI, %A
TR SRAE WD S A ) T2 S 5wl A . AR
o b g A, 2 T B R FE R P =0.002 2 < 0.01, &
AR Ve e, U B R R I R T2 AR
e 2 5 S BRI P = 0.040 4 < 0.05, B E 2%
P 2 5, U W AR 2L B o R ) T2 B B
TRTATH P < 0.01, B i S A 1R R RS HLAK
;55 B S BT 1) 1) 2 VR RN 41 P < 0.05, A 5 2 5
FI| FH Design-Expert V8.0.6 #X F1E H 2 K R 38 H.AE
JH 0 3D i 7 T AN 45 e 2, 5 S LI 3. E = 4 il T
AT SR, D ot T AR A R K T A o B ) S
JEL P T AR AR s ER A 2R I T R, AC RS B AR R 2k

Table 5 Variance analysis

Sum of Degree of Mean

Source Fvalue  Pvalue
square freedom  square

Model 7116.59 9 790.73  44.17 <0.0001
A 112.8 1 112.8 6.3 0.040 4
B 13.81 1 13.81 0.77 0.408 9
C 398.61 1 398.61 22.27 0.002 2
AB 35.22 1 35.22 1.97 0.203 4
AC 218.01 1 218.01 12.18 0.010 1
BC 12.89 1 12.89 0.72 0.424 2
A 5756.42 1 5756.42  321.58 <0.0001
B 310.14 1 310.14 17.33 0.004 2
c 23.2 1 23.2 1.3 0.292 4
Residual 125.3 7 17.9
Lack of fit 94.44 3 31.48 4.08 0.1039
Pure error 30.87 4 7.72
Cor total 7241.89 16
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Figure 3 Response surface and contour plots of effects of three factors on comprehensive scoring
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Figure 4 Scanning electron microscopic (SEM) images of crude borax (S1), intermediates (D1, D2), and calcined borax (D)
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Figure 5 Structural characterization of crude borax (S1), intermediates (D1, D2), and calcined borax (D). A: Fourier transform infrared

(FTIR) spectra of S1, D1, D2, D; B: Raman spectra of S1, D1, D2, D
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Figure 6 Anti-inflammatory and anti-oxidant results of crude and calcined borax. A: Effects of different concentrations of crude borax

treatments for 24 h on viability of RAW264.7 cells; B: Effects of different concentrations of calcined borax treatments for 24 h on viability
of RAW264.7 cells; C: Effects of crude and calcined borax on lipopolysaccharide-induced NO production in RAW264.7 cells; D: 2,2'-Azino-

bis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS) radical scavenging activities of crude and calcined borax. (n = 3, x £ 5). "P < 0.05, "P <

0.01 vs control; “P < 0.05, P < 0.01 vs model. S1 represents crude borax and D represents calcined borax
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