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Spectroscopy and Spectral Analysis
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FHE 12 h, B8R IRE S .
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KBr JE % ; %3 E Thermo Fisher Scientific 2 &) 4
7= 1) ESCALAB2250Xi Rt H 8 1% (XPS) X & e b 5 1 A
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Fig. 1 FTIR spectra of quartz and reagents
before/after interaction
(1): SDS; (2): Quartz; (3): Quartz treated with SDS; (4); Ca?!
activated quartz treated with SDS; (5); Fe® ™ activated quartz treated
with SDS
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Table 1 Atomic orbital binding energy and atomic fraction of elements
before and after the action of quartz and different agents
O(1) C(1s) Si(2p) Si(2s) Ca(2p) Fe(2p) S(2p)
s @ie ETR &A ETER e ETHR 46 ETHR 46 ETER &4 ETR 4E RETHR
e/ eV B/ % fE/eV B/ Y% BE/eV ¥/ fiE/eV B/ Y% fg/eV EU Y fE/eV B Y RE/eV %/ %
1 532.98 34.98 285.29 17  103.83 18.84 154.87 18.12 — — —— — — —
2 531.76  19.71 284.94 35 — — — — — — — —  168.46  4.40
3 532.97 34.76 285.25 16.63 103.86 18.45 154.67 18.3 — — — — — —
4 531.72 33.64 284.85 30.67 103.21 9.85 154.13 9.3  346.93  6.55 - —  167.66 1.34
5 531.92 30.75 284.7 30.51 103.04 14.17 154.01 12.55 — —  711.16  2.05 167.59 1.38
Wb SDSEM G A ¥4 Ca® ik 5 SDSAEH . Ao &
Fe' " i% b5 SDS #E 5 iy XPS fEi% .
AWM 2 LD, KA Si2s), Si2p), O
5 Nals o ol (1), OKLL, C(1s), RWAIE N Ay Y BA &8 & 71 T
PP [ NaKLI s sizp Pos SDS 4 A 2 W2k (2), HP A S(25). S(2p). Na
: (1s)» NaKL1, O(ls), OKL1, C(ls); A% 5 SDS & /i i
| ois XPS g 2 fh4k (3), 5B 2 4 (D d A 3y XPS 1A
%Nawmp . Wy KRR IUH A IE, (A2& RN GRMITE A S8
¢gﬂﬁ§ﬂ§f FFRAE AL .t 1AL, 71965 SDS 125 5 4 P2 6
| ons W, SIZp) A REHAEN 0.03 eV, Si(2) 45 A RN 0.2
3) OKLI C1s8i2s ,Si2e eV, OODLEAREWAE N 0.01 eV, CA)ZEHREMAE Ny 0. 04
ML#’W___LSL eV, N BIEHAEALERIR 22 (0. 3 e VOTEH Z N . 10 HH B 4li il i
@ ey OI‘jaKu ]SZSSZP ) SDS X 7 9 N )2 HLF O 45 G B R M AR AT p L A DRy .l
FHHFWGR SDS, AN 2% £ 9 & A W AR A &
FUE ARG Ca’ WL SDS fEHME 2 ik (o), NFEL
R T, £ ﬁmp AL . AR E, B Ca2p), S(2p), Na(1)fil Na-
1400 1200 1000 800 600 400 200 O KLL, REEBKER, HR 1T, G RAARE. &
Binding energy/eV PR CaZp) GG REH 346.93 eV, HITTEBH N 6.55%;
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(D: 925 (2): SDS; (3): {19+ SDS;
(4): HYe+Ca?" +SDS; (5): fid+Fe®t +SDS
Fig. 2 XPS full spectrum of quartz before
and after drug treatment

(1): Quartz; (2): SDS; (3): Quartz treated with SDS; (4): Ca?*
activated quartz treated with SDS; (5): Fe®' activated quartz treated
with SDS
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M Si2) 45 A REBASH R 0.74 eV, TTESEH 9.3%, Si
P EEAREMAFE ] 0. 62 eV, TEEEN 9. 85% ; O(1s) 4
BRERAEME A 1. 26 eV, JGESFEN 33,640, MR O
ADTESBTHET 1.34%, C(ls) 454 fe B A8l 0. 44
eV, JLENMHH 30.67% ., HELET CAD TR EFAT
13.67 %5 Si(25) Fl Si(2p) [ 702 43 BOH H A7 52 v 1 SiC2s) F
SICPRIGE TR, XE& SIHRAMRS Ca KA TR
LR, Si(25) Fl Si(2p) JEFHLIE (19 JLAT B AR A 7T 8 & 2E o
A5, UL YRR Ca " L 2= [, FETE L Si—O—Ca
(OHEE. 1 Si—O—Ca(OH) # 5 SDS W (1) S(2p) & 4 ¥ #
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W B, H SDS A8 2 RE K, #5 T k. 90 000
FHLE P WA SDS AT 2 2R (5) Wik of 80000 @ -
" ULE B A B B, Bl Fe(2p), S(2p), Na(ls) ll Na- 70 000
KL1. %W %A T WM. 32 | ]I 9 R Fe(2p) %5 4 2 600001
% 711.16 eV, HICZ BN 2.05% . 4 Fo' {04 % B 500001
XPS ¥ v Si(29) 45 A REMCAE N 0.86 eV, JTLE KA © 40 000+
12.55%, Si (2p) &5 4 BEBLAE 9 0.79eV, JC % 4 8k 30 000
14.17% , X5 Fe ' %A MR B Si29) A Si(2p) LT 200007
L3 1 LTI AR 228 A X o T OCL) 45 4 BE A5y 1. 06 e
eV, JLENBCN 30.75% . ML EE O LR DK TR T 540 538 536 534 532 530 528 526
4.23% . 31X 15 O J5 T 6 [ by T 25 9 0O 0006 4 3 05 Feb Binding cnergy/eV
e W HRON AT X . COLOSE & BRI 0. 59 eV TEE A 800997 )
B 30.51% ., ML S C(1s) EE A% EIF T 18.51%. Si 700007
(25)Fl Si(2p) B9 TEE 4P BOM AT 38 B Si2s) Fl Sic2p) K BIH00
HEF W BEWI A SR TATLE Fe'™ ML WMt . IR . H £ 200009
5 SDS W S(2p) KA MR . DRk A A 2 2R (5) 5 40000+
o SC2p)TEE AN 1.38% » W 2(4) TE M R S(2p) T8 < 300001
FAHGRT L T SDS (M2 K YE . 52 MBI 20 20000
i, Fe' WHALT M4 4 BE[Fe(2p) 45 4 RE N T11.16 V] 10 000+
T Ca® T B G RELCa(2p) 454 E N 346.93 eV ], % Fe' 0 T T T T T T
. . 538 536 534 532 530 528 526
WAL A TE XPS [ R Si(29) Fl Si(2p) 45 4 e b2 1 5 &t S i T
Bk, KW Fe HLH I Ca' i LA SR E . SDS 70000
A8 A7 T A R (A R T ) X 8 2 1 ol
A ST <0000,
3 9 1 AR AL TR B9 71 95 55 SDS fE A9 O(19) XPS §
FIAY B . BT 3 T OCLo) W SRR 75 W0 O 2400007 S0
— ELHCEE R R O T SR R T UK A e S=0 19 O SR o
(1), fiiF 532.68 eV, JeHL TR N 77 935. 01 Counts » 20 000
s ', WETEI RN 137 958. 82 CPS » eV, BEHI A SR 40, KA I 10 000

fl 2% B9 . 5 Ca® &AL FIVE R M E 3(b)AHEL, OLs)
WEXTFRPEREAR . S A 2 R S B F 2 8 3 0 . O (1) Vg A7 7
Si—O0—Ca—0O ¥ O(1s) W, Si—O0 # O (1s) g i T
531.97 eV, KA &N B, i 7 E FALESL 352. 65
s, IR FIRRAE S 93 159. 35 CPS « eV, X & H
RIEKEY EWEICERBET S—=0 B Ols) b 5 HI 4 &
s MWK Ca—O0 By O AL T 530. 71 eV, JGH T iR
J& M 44 893.74 Counts » s ', Ca—O fy O(1s) W& 1 FH

73 132.91 CPS« eV; AILIEIHE MMM AR KR O JiF 54
JE BT Ca®" R, Bl O WY R A A4k, k2
TR, HFERT & Si—O—Ca B K. M Fe' ' iH 7
ER G W 3 (e O Cls) W % BR M BR 715 o A%, 7 1
Si—=0/Fe—0 ) O W, Si=0 ) O1s) Wi F 531. 95
eV, XUFHRBETEL MR N 0.73 eV, £ Ca* T AL FIE G
Si=0 ) O ) Wi B K, JbH F 5 B [F R 2 57 217. 54
«s7', HUETHAIRE S 107 121.86 CPS » eV; X H L
T Fe—O (1 O (1s) W i F 529.82 eV, Jo M T 98 & K
13 877.89 Counts » s~ ', W&H fA K 29 272.38 CPS » eV; #J
PELEMAEE O R F 5481 Fe'' KA RH, S
H ORI A, RETXERE, RIFELEMRT Si—O—Fe
HER Y

Counts
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0 T T T T T T T
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(a): f1¥; (b): A¥E+Ca?" +SDS; () : 13+ Fe?™ +SDS
Fig. 3 O(1s) XPS high resolution spectrum of

quartz and SDS before and after activation
(a): Quartz (b); Ca’" activated quartz treated with SDS;

(c): Fe’" activated quartz treated with SDS
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23 751.99 Counts » s ', WEHEFH N 39 507.47 CPS « eV), Ca
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4031, PHITEANRTA Ca MEBEELGWE R, EET
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Fig. 4 High resolution spectrum of quartz Ca(2p) after activator
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Fig. 5 High resolution spectrum of quartz Ca(2p) after activator
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B bW — AR KT T, U & A ik = B, R
B Si—O—Fe—OH #, 5 B8 i W5 3847 4 22 0% B 7T
RERIA R NIE 6(b), (OF(D . R, HUZM ek s A%
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HRE, B 6(OMDFIRMNHEMHESY Y. a3y
YRR E- R Oy g,

(l)H
_0—Ca—OH 0 __O—F
>s‘<o—c3—0H >S<O>Fe—0H >Sl<0_}i~:>0

OH
(@) (b) (©
OH
|
Fe
07 ™0
S Si
>SS
ou
(Y]

6 HEUMNERRELERMATEEFER (a,b,c,d) MFHEE
Fig. 6 Possible four configurations (a,b.c,d) configuration of

activator and quartz adsorption

TE5: 2% HAW TR 9 & 0 Y 5 25 S0 PE T, o 48 &
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AU (DA AR A EAE T, (DM sp°
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AWEARE . XL 6 1E AL 5 A 5k A R T R A AE I
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H Fe—O—Si Mok g5 My, H F(2p)s, 454 fg N 710.29 eV,
Fe(2p) 1. &G A8 724.23 eV, K UM B G WK N
B HMITH, K RK, AfaE; mMaEH/hFamRF 7
E T8 B A PR 0 AT REPE T R, (D S5 AR FETE s x4
HERIECOLAR , AU (O R E! .
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BT A YRR 5 T Si—O HE X FR 1 45 PR 3 0% i s A
KA I 1 R R R R A 0 Y B 0RR  BRERE I K. ORI HE £ B
FWRA TR, W H, Fe' &40 1E R T i 55 g ik g
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Bk S — A0 S S 2 5 ) B SR GRS S P T, OB R D, R B
53 F' T iEALRT, W R Fe(OH); WIIEMESIEM . HUA
HESAER . e RBERESE R Y . BRI DR AE IS FOAY pH
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AV IR R TG A B R TR, Ca Tt Fe' AR
1547 92 F2 181 @ T AL A W B T SDS 08 BiELE I 4k 570 75 22 )5 1
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FTIR and XPS Analysis Comparing the Activation Mechanism of Ca**
and Fe** on Quartz

LIU Rong-xiang, LI Jie* , SU Wen-rou, ZHANG Xue-feng, LI Jia-wei, MENG Liu-yang
Key Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Inner Mongolia University of Science and Tech-
nology. Baotou 014010, China

Abstract During the flotation desilication of iron concentrate, the unavoidable cations (Ca*", Fe*™ ) in the pulp have important
influences on the floatability of quartz using the anion collecter, and it is of great significance to find out the activation mechanism
of the unavoidable cations on the quartz and other pulsar minerals to solve the technical problem of desilication of ultra-pure iron
concentrate. At present, there are many pieces of research on the adsorption structure of quartz for collectors, while there are
few pieces of research on the adsorption structure and the occurrence mechanism of adsorption strength for inevitable ion-activa-
ted quartz. So infrared spectroscopy and XPS analysis were adopted, the spectral characterization of unavoidable ions (Ca®" ,
Fe'') activated quartz were performed, and the occurrence forms of oxygen-containing functional groups and unavoidable ions in
quartz were analyzed, the mechanism of unavoidable ions activated quartz were also analyzed. The results show that in the infra-

red characterization, at the appropriate pH value, the addition of Ca®" and Fe®" activates the flotation of quartz. When quartz is
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activated by Ca’" and Fe’" and reacts with SDS, the chemical adsorption and physical absorption occur almost at the same time.
And the red-shifted wave numbers of Si-O characteristic peak under Fe’" activation is stronger than that of Ca*" activation. Ca*"
can activate quartz is due to mono- silicon bond, and the bond action has small bond energy and weak adsorption; Fe®' activated
quartz is due to a dioxy-silicon bond, which has large bond energy and strong adsorption. The XPS test results show that the
binding energy of Fe’™ activator activated quartz (Fe(2p) binding energy of 711.16 eV) is stronger than that of Ca®" activated
quartz (Ca(2p) binding energy of 346. 93 eV), which makes the chemical displacement of Si(2s) and Si(2p) binding energy lar-
ger. It is indicated that the stable Fe-based six-membered ring chelate is formed on the surface of quartz under the activation of
Fe*' , and chemical adsorption is more stable and dense, and two active sites are generated; while the unstable Ca-based s chain-
like complex is formed on the surface of quartz under the activation of Ca*" ., and chemical adsorption is unstable and not so
dense. Comprehensive infrared spectrum and XPS analysis show that Fe*™ has stronger activation than Ca’", and enhance the
chemical and physical adsorption between the agent and quartz surface. which is more conducive to the flotation of activation

quartz.

Keywords Flotation; Quartz; Activation; Calcium ion; Iron ion; FTIR; XPS
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