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Study on iron removal from industrial titanium gypsum
Peng Musen', He Lin', Li Haiyanz, Luo Jianhong1

(1. Insititute of Chemical Engineering, Sichuan University, Chengdu 610000, Sichuan, China; 2. Guizhou Sunward
Chemical New Materials Research Institute Co., Ltd., Zunyi 563102, Guizhou, China)

Abstract: In this study, the removal of iron impurity contained in the industrial sulfuric acid leaching ti-
tanium gypsum was investigated, which leads to effective improvement of purity and whiteness of ti-
tanium gypsum, providing sufficient raw materials for the development and utilization of titanium
gypsum downstream products. The effect of iron removal under different acid leaching conditions such
as solid-liquid ratio, reaction temperature, reaction time, rotation speed, particle size and sulfuric acid
concentration was studied and the optimum process conditions was discovered. Furthermore, the impur-
ity removal mechanism of titanium gypsum was found out based on the changes of phase, microstruc-
ture and particle size distribution. During the process of removing iron from titanium gypsum by sulfur-
ic acid leaching, the optimal process parameters are obtained as follows: solid-liquid ratio of 1:10 g/g,
reaction temperature of 70 °C, reaction time of 60 min, SO,” mass fraction of 7%, rotating speed of 400
r/min and particle size of 150 um, under which the iron removal leaching rate of titanium gypsum can
reach 94%. Under the optimal conditions, the acid leaching product changes from light yellow to gray
white, and the whiteness is evidently improved.

Key words: titanium gypsum, iron removal, Fe*', sulfuric acid, solid-liquid ratio, reaction temperature,
leaching rate
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Table 1 Main element composition of titanium gypsum %

(0] Fe Ca S C Al Mn Mg Zn Si

52.79 2098 11.75 10.88 2.04 043 0.42 034 0.23 0.08

FH X-IHAiT s 534 ( X Ray Diffraction, f&jFR
XRD ) XFiZ kA F 1l g6 A AT AH 434, 45 R
Bl 1. REVEAE B FEY A —OKBRIR S, HAF
TEATT 5 0 LU B S, A fi ksl 281 At ™ 0 A 1) AR i
FTg0s o X FIABZL o AR s Y e, i
E S RN N e

60000

BN
2 30000

TN

0 20 40 60 80 100
20/(°)
1 SKAEREEH XRD &
Fig. 1 XRD patterns of titanium gypsum samples
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Fig.2 Influence of liquid-solid ratio on the leaching rate
of iron
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Fig.3 Influence of reaction temperature on leaching rate
of iron
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Fig. 4 Influence of reaction time on the leaching rate of
iron
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Fig. 6 Influence of mesh number on leaching rate of iron
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Table 2 Particle size distribution of titanium gypsum

o

samples

gt /%

Fiftlum T e
<1 9.37 5.42
1~2 7.18 3.85
2~5 12.31 9.28

5~10 10.60 10.60
10~20 12.54 15.85
20~45 17.70 25.79
45~75 13.76 15.32
75~100 6.75 6.38
100~200 9.00 6.80
200~300 0.79 0.71




%56 WIKER, . TR A B IBR T S H RS - 115 -
223 RREYIRIHE T .
(SRR R A ey e 3 RBRVERR

Jit, PRI IR T 7 25 P R B e S A A
=R S Ll B, ORI BRA  FE
ERMWEN . AR FRRE =0 H A
st FErP TN HE A BE R MR RO, P 10 SR AR
AR [ LR T IR IS B BIIRER 771, TERRIZAL B
Ja, HE A T B B GE, (B R  BL Ik H
0, 33X 5 Al R A 1 R BRRES Y2l A LU A
—E R ZEH, I RO BB AR AT R S R o AN Al
VAR, AN, LA KOAT IR M A T Y 25 BR AN
()8

‘,

P

i o [
W,

| CIERD

4
£

;: e ! b S

|

E 10 pEEREEFE TR YBEELER

Fig. 10 Whiteness change of acid leaching products un-
der the condition of changing solid-liquid ratio

[RIRERY, AERACAE SRR | S RN E] | e L
e AN H B RS, O BRI R F A
TREBARTE, SRS R IR R 11
iz, FeA BEAR 2 T4 i, BT 2 Tk s, nlH]
TR BT AAI

B 1 sREHTRISYINEE
Fig. 11 Whiteness diagram of acid leaching products un-
der optimal conditions

SE 30k

TERSE TERA T LA u R4, YAl L SO0
S R A S w2 )5, k— L TR A B
A EE R TR TR . HRR R R A
R U A ERRE B 0 3£ B — AR (TIO,) |
A Kk (Fe,0,) AL 2K (FeO), 1] LA & B
HEAREMEITE . X 8T 7 SRRk
FEW VEA T A I 2 7 A R TV 1 TR I B TR T 2 AR
TRk, 15921 0 PR R S B 859 B A T h AL kot
RO A AR s S A LR A E =X R B R £ —
AHEA B FE AR, 15 280 874, i K] 2
FAEZ A D, Hodh 0y M bl AL = B A 15 21
WO A B R

1R B R R 12 kA B IR I R S B, B R 5 45
KA, SERRRAR OV B, T DA AR AR 5 1)
B W) S 7 [ HEAT, FRAR T KR RR S OV f T, o
FIFZ=B oy, o=t (2)

CaS0, - 2H,0=Ca’ +S0,> +2H,0 2

it SEM OISR AT LG ), B i r= w4158k
PURGMR HOtR A 3, SR T H FEE Rk —
TRBRRAS, BEAT KA 7S

4 S

D) TERR R PR 1= kA B BR g b, i B T2
SRR TR 1 10 g/g JVREE 70 °C J vt
6] 60 min, SO,” JF 4344 7% . % 400 r/min. i
FER 150 um, BERTERA B RENZ IR AT R 2] 94% .

2) TR A B BRPARER b, SRRk 1 R RRE M R
BH, AT LA b bR A B rh a4, s E
A 20 I A

3)IE XA E IR IR AL AT | RO
SFIURL BE oA S SR M UEA T IE, & AR PR R 1= Je i
FE A EAE O BRE O/ IN UK 25 2% 0 2 28 KR a2,
HA5 SRR T, S REOR S SR B0 Y
TOKBRERES, HAE EAME T BIRIE =PI A 3 TR
BIFFERNR B O IR A 6, FEA T RRNESGE .

4 DL B 25, BESTS AR T 2R R BeE (1
Tl DS FRAE R SO, R AR (] B T e
SR TV R, Tk SEPri M E R, HE R
R Tl AL RIS

[1] He Yan. Production status and market analysis of titanium dioxide at home and abroad[J]. Chemical Industry Times, 1998,

(1):38—40.



- 116 - W gk Pl K 2023 A5G 44 5

(7]
[8]

[91]

[10]

[11]

[16]

[171]

[18]

[191]

[20]

(firste. [ENAMER PR AR =R DS T2 0 M (9] AL TR, 1998, (1): 38-40.)
Zhang Kai, Ren Tingyan, Zhu Xinfeng, et al. Status quo of emission and comprehensive utilization of industrial by-product
gypsum in China[J]. Wall Material Innovation and Building Energy Saving, 2009, (12): 26-28.
(oKL, AR, ABrEE, S5, RN Tk BN 08 B HRRC R 25 R T BIRT]. 58bA 58 5 LR BE, 2009, (12): 26-28.)
Liu Hong, Hao Chaoyang, Zhu Jingping, Study on phase composition and dewatering property of titanium white gypsum[J].
Journal of Xichang College (Natural Science Edition), 2010, 24(3): 29-30.
L, AR BH, AH-F-. BRI AR R S HB K P RERIBIFSE1T]. P8 B B A4l (A SRR, 2010, 24(3): 29-30.)
Xu Ping, Lin Hai, Xing Xifeng, et al. Experimental study on acid wastewater treatment in titanium dioxide plant[J]. Industrial
Water Treatment, 2007, (7): 53—56.
(VPP MR, TR0, 45 BRrDy) BRI K b B A8 W9 (], Tl /K AL HE, 2007, (7): 53-56.)
Wang Jianwei, Ren Xiulian, Wei Qifeng, e al. Research status and prospect of comprehensive utilization of waste acid of
titanium dioxide[J]. Hydrometallurgy of China, 2009, 41(9): 4-7.
(s, L7530, B, 45, SRR ZE S MBS BUIR AR [0]. ToHLER Tlk, 2009, 41(9): 4-7.)
Peng Zhihui, Liu Qiaoling, Peng Jiahui, er al. Study on titanium gypsum as cement retarder[J]. Journal of Chonggqing
University of Architecture, 2004, (1): 93-96.
(B2 A5ME, XI5 8, S oE R, &5 B B R /K TR G BERI DT E[T]. T RS 2741z, 2004, (1): 93-96.)
Liu Changchun, Li Rongjun, Liu Lei. Experimental study on titanium gypsum as cement retarder[J]. Cement, 2006, (11): 4—6.
(TR, 2RoR %2, XU B B MR K D 2 BER ik e F5E 7], /K, 2006, (11): 4-6.)
Gazquez M J, Bolivar J P, Vaca F, ef al. Evaluation of the use of TiO, industry red gypsum waste in cement production[J].
Cement & Concrete Composites, 2013, 37(1): 76—81.
Zhao Yujing, Shi Huisheng. Study on flyash-titanium white gypsum roadbed materials[J]. Journal of Building Materials, 2000,
(4):328-334.
GBS 1, Bt A2 YOI -BK 1O B BRI RIT ST [0]. IR SURTRIA41E, 2000, (4): 328-334.)
Shi Huisheng, Yuan Ling, Zhao Yujing. Study on modification of chemical waste gypsum fly ash composite cementitious
material[J]. Journal of Building Materials, 2002, (2): 126—-131.
(A=, 2238, X E 7. A T BRI & B BER R B E DT SE 1], SRR, 2002, (2): 126-131.)
Ma Yuan, Fan Chuangang, Wu You, et al. Preparation and characterization of persulfur titanium gypsum slag cement[J]. Non-
metallic Mines, 2016, 39(6): 41-44.
(i, BEENI, SRAK, 5. W BB B0 K IE I & S5 TERERAE[]. JEE R A, 2016, 39(6): 41-44.)
Fauziah I, Zauyah S, Jamal T. Characterization and land application of red gypsum: a waste product from the titanium
dioxide industry[J]. Science of the Total Environment, 1996, 188(2-3): 243-251.
Wang Xiao, Liu Qiang, Yang Liushuan, ef al. Characteristics and thermogravimetric analysis of titanium gypsum particles[J].
Bull Chin Ceram Soc, 2014, 33(1):212-215.
(TEGH, XI5, 47 B, 25, B B BOR R 1 AR 0T 0], RERRERIE A, 2014, 33(1): 212-215.)
Meng Hua, Li Qipeng, Shi Junjie, et al. Technical and economic analysis of leaching titanium gypsum iron impurities by
waste acid of titanium white[J]. Industrial Minerals and Processing, 2021, 50(5): 32-37.
G, 2B, AR, 55 FIFER PR IRER AR T BRI B B BOR 2855 0 1], A6 T ) 500 T, 2021, 50(5): 32-37.)
Liu Minrong, Tian Ying, Zhao Shuai. Effect of alkaline activator on properties of titanium-gypsum-fly ash composite
cementing material[J]. HVFA, 2008, 20(6): 15—-17.
ORISR, FELRA, AR . Bl A TR B B - BRI A 5 RS AR RERY E M [J]. A HREJK, 2008, 20(6): 15-17.)
Amin Azdarpour, Mohammad Asadullah, Radzuan Junin, ef a/. Extraction of calcium from red gypsum for calcium carbonate
production[J]. Fuel Processing Technology, 2015, 130: 12—19.
Chen Shurui, Yang Shaoli, Ma Lan, ef al. Experimental study on hydrochloric acid leaching of titanium gypsum[J].
Hydrometallurgy of China, 2020, 52(2): 65—68.
(BRA38L, i), S22, 45, shiia th ek FRua it 7E (0] TopLEh Tolk, 2020, 52(2): 65-68.)
Liu Xunbo, Wei Jinzhao, Sun Liling. Production and properties of cementing materials - cement, lime, gypsum[M].
Shanghai: Tongji University Press, 1990: 14.
(XUSRAR, 2R I8, PR RBERT LK UE . AT ATTF AR FIPEREIM]. i [RI5E R e, 1990: 14.)
Liu Fengling, Peng Qianyun, Liu Hong. Preparation of CaSO, whisker by titanium gypsum[J]. Chemical Engineering Design
Communications, 2018, 44(1): 70-72.
(RURES, s2 40 18, XUk, A B il & CaSOL AR AN T]. AL LTI, 2018, 44(1): 70-72.)
Wang Qian, Peng Tongjiang, Sun Hongjuan, et al. Phase transition of gypsum and anhydrite in titanium-gypsum -H,SO,-H,O
system[J]. Bull Chin Ceram Soc, 2022, 41(2): 725-732.
(A, IR, INELIR, 5. BKATE-H,SO,-H O Z h A7 8 -RE A0 B (A MU [T, RERRERIE M, 2022, 41(2): 725-732.)

I MAAE


https://doi.org/10.3969/j.issn.1000-8098.2016.06.013
https://doi.org/10.3969/j.issn.1000-8098.2016.06.013
https://doi.org/10.3969/j.issn.1000-8098.2016.06.013
https://doi.org/10.1016/0048-9697(96)05179-0
https://doi.org/10.1016/j.fuproc.2014.09.034
https://doi.org/10.11962/1006-4990.2019-0111
https://doi.org/10.11962/1006-4990.2019-0111

	0 引言
	1 试验原料与方法
	1.1 试验原料与装置
	1.2 试验原理与方案

	2 试验结果与讨论
	2.1 钛石膏中铁浸出率的单因素试验
	2.1.1 固液比影响
	2.1.2 反应温度影响
	2.1.3 反应时间影响
	2.1.4 转速影响
	2.1.5 钛石膏原样过筛目数的影响
	2.1.6 硫酸浓度影响

	2.2 钛石膏酸浸产物表征分析
	2.2.1 优化条件下酸浸产物的微观形貌
	2.2.2 优化条件下酸浸产物的粒径分布
	2.2.3 酸浸产物的白度分析


	3 酸浸机理探究
	4 结论
	参考文献

